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A B S T R A C T

It has been claimed that the long established neutralization of the voicing distinction in domain final position in
German is phonetically incomplete. However, many studies that have advanced this claim have subsequently
been criticized on methodological grounds, calling incomplete neutralization into question. In three production
experiments and one perception experiment we address these methodological criticisms.

In the first production study, we address the role of orthography. In a large scale auditory task using
pseudowords, we confirm that neutralization is indeed incomplete and suggest that previous null results may
simply be due to lack of statistical power. In two follow-up production studies (Experiments 2 and 3), we rule
out a potential confound of Experiment 1, namely that the effect might be due to accommodation to the presented
auditory stimuli, by manipulating the duration of the preceding vowel. While the between-items design
(Experiment 2) replicated the findings of Experiment 1, the between-subjects version (Experiment 3) failed
to find a statistically significant incomplete neutralization effect, although we found numerical tendencies in the
expected direction. Finally, in a perception study (Experiment 4), we demonstrate that the subphonemic
differences between final voiceless and “devoiced” stops are audible, but only barely so. Even though the
present findings provide evidence for the robustness of incomplete neutralization in German, the small effect
sizes highlight the challenges of investigating this phenomenon. We argue that without necessarily postulating
functional relevance, incomplete neutralization can be accounted for by recent models of lexical organization.

& 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Many languages such as Catalan, Dutch, German, Polish, Russian and Turkish contrast voiced obstruents intervocalically but neutralize the
contrast syllable or word finally in favor of voiceless obstruents. An example from German is given in (1) and (2): in syllable final position, the voicing of
the alveolar stop is neutralized, leading to apparent homophony between e.g. Rad [ʁaːt] ‘wheel’ and Rat [ʁaːt] ‘council’.

(i) Rad [ʁaːt] ‘wheel’; Räder [ʁæːdɐ] ‘wheels’

(ii) Rat [ʁaːt] ‘council’; Räte [ʁæːtə] ‘councils’ (1)

(i) Radschlag [ʁaːtʃlaːk] ‘cartwheel’

(ii) Ratschlag [ʁaːtʃlaːk] ‘advice’ (2)

This asymmetrical distribution is commonly described in terms of final devoicing, a process that is often described in purely phonological terms. In
fact, final devoicing in German1 has been called the “universally recognized archetype of phonological neutralization” (Fourakis & Iverson, 1984: 141)
and described as a “classic example of a phonological rule” (Wiese, 1996: 204).

In traditional formal theories of phonology, Rad and Rat are thought to differ only in their “underlying” lexical representations, while the surface form of the
voiced stop is thought to be phonetically indistinguishable from that of the corresponding voiceless stop. In other words, neutralization of the final voicing
distinction is assumed to be phonetically complete, resulting in homophony between the two lexical items. However, numerous experimental studies have
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argued that there are small acoustic and articulatory differences between words such as Rad and Rat, suggesting that in German this neutralization is in fact
incomplete (Charles-Luce, 1985; Dinnsen, 1985; Dinnsen & Garcia-Zamor, 1971; Fuchs, 2005; Greisbach, 2001; Mitleb, 1981; O'Dell & Port, 1983; Port &
Crawford, 1989; Port, Mitleb, & O'Dell, 1981; Port & O'Dell, 1985; Piroth & Janker, 2004). Further studies suggest that listeners can distinguish “devoiced”2

stops from voiceless ones with above-chance accuracy (Kleber, John, & Harrington, 2010; Port & Crawford, 1989; Port & O'Dell, 1985).
The results obtained in the above mentioned experiments are difficult to reconcile with traditional linguistic descriptions of German (Jespersen,

1913; Trubetzkoy, 1939; Wiese, 1996; Zifonun et al., 1997) that assume abstract phonological categories devoid of gradient phonetic information.
Accounts based on this view have problems incorporating intermediate categories as the purported “semi-voiced” final obstruents. Most early formal
attempts to incorporate incomplete neutralization (e.g., Charles-Luce, 1985; Port & O'Dell, 1985) involved a proliferation of post-hoc repairs (such
as the “phonetic implementation rules” of e.g., Dinnsen & Charles-Luce, 1984) which led Port & Crawford (1989: 257) to claim that incomplete
neutralization poses “a threat to phonological theory” (see also Port & Leary, 2005).

More recent attempts to account for incomplete neutralization are rooted in psycholinguistic models of lexical organization. There is mounting evidence
suggesting that, far from being impoverished, lexical representations are rich in information, and may contain both detailed phonetic information of individual
word forms (e.g., Brown & McNeill, 1966; Bybee, 1994; Goldinger, 1996, 1997; Palmeri, Goldinger, & Pisoni, 1993; Pisoni, 1997) as well as completely inflected
forms (e.g., Alegre & Gordon, 1999; Baayen, Dijkstra, & Schreuder, 1997; Butterworth, 1983; Bybee, 1995; Manelis & Tharp, 1977; Sereno & Jongman, 1997).
Such models of lexical organization and access assume that German speakers have inflected forms such as Räder in their mental lexicon. Due to its
phonological and semantic relations with the singular form Rad, these two forms will be closely connected to each other. Ernestus and Baayen (2006) consider
the possibility of incomplete neutralization effects being due to the co-activation of these related forms, i.e., when speakers pronounce Rad, they also activate
the non-neutralized Räder. If some or most of the co-activated forms contain a non-neutralized segment that is fully voiced, these voiced forms could influence
the motor commands used in speech production in subtle ways, leading to the observed incomplete neutralization effects.

A similar account has been advanced to explain the finding that speakers are able to distinguish forms like Rat and Rad with above-chance
accuracy. Kleber et al. (2010) found that there is a greater probability of identifying a stop as voiceless after lax than after tense vowels. They further
found that, following tense vowels, the (putatively neutralized) stop voicing contrast in syllable final position was recoverable more often when the stop
was alveolar than when it was velar. Since in German phonologically short/lax vowels tend to occur more often before bilabial and velar voiceless
stops, this suggests that sensitivity to statistical patterns of the German lexicon may affect the perception of incomplete neutralization, and thus it
seems plausible that knowledge of phonotactic probabilities might play a role in production as well.

It seems safe to say that the predominant response to incomplete neutralization studies has been one of skepticism. Given that several early
studies found no evidence for incomplete neutralization (Fourakis & Iverson, 1984; Jassem & Richter, 1989), some researchers have considered the
debate to be settled (e.g., Kohler, 2007, 2012). However, other researchers have continued to investigate the phenomenon (e.g., Kleber et al., 2010;
Piroth & Janker, 2004), and studies have since been carried out on both incomplete neutralization of final devoicing in other languages (e.g., in Dutch
(e.g., Warner, Jongman, Sereno, & Kemps, 2004), Catalan (e.g., Charles-Luce & Dinnsen, 1987), Polish (e.g., Slowiaczek & Dinnsen, 1985) and
Russian (e.g., Dmitrieva, Jongman, & Sereno, 2010; Kharlamov, 2012)) as well as incomplete neutralization of other processes (Bishop, 2007; Braver
& Kawahara, 2012; de Jong, 2011; Dinnsen, 1985; Gerfen, 2002; Gerfen & Hall, 2001; Simonet, Rohena-Madrazo & Paz, 2008).

Thus, the debate surrounding incomplete neutralization is still very much ongoing. However, the numerically small effect sizes common across incomplete
neutralization studies have attracted serious criticism on methodological grounds (Kohler, 2007; Manaster-Ramer, 1996). Fuchs (2005: 25) points out that the
debate surrounding incomplete neutralization has become increasingly a debate about methodology rather than the phenomenon per se. As such, our first and
foremost aim in the present work is to address the methodological and conceptual concerns raised against previous studies, thereby placing the debate
surrounding incomplete neutralization on firmer empirical footing. Our second aim is to interpret our findings in light of recent psycholinguistic models of lexical
organization.

In Section 2, we summarize previous empirical findings as well as their critiques, with a particular focus on Fourakis and Iverson (1984) and
Jassem and Richter (1989). In Sections 3–5 we discuss the results of three production experiments that were inspired by Fourakis and Iverson's study.
Section 6 presents the results of a perception experiment. In Section 7, we discuss the implications of our work for an assessment of the status of
incomplete neutralization in German in light of co-activation accounts.

2. Methodological debate and the problem of “proving the null”

Across different studies, numerous phonetic properties have been found to distinguish voiceless from devoiced stops in final position. These
include the duration of the preceding vowel, the closure duration, the duration of the “voicing-into-the-closure”, as well as the burst and aspiration
durations. Across different studies and languages, the duration of the preceding vowel has been shown to be the most reliable correlate of obstruent
“voicing” in final position. Thus in the present study we shall focus on this acoustic parameter. This has the added advantage that we avoid statistical
issues surrounding multiple comparisons: with each additional measure taken into account we have an added probability of rejecting the global
null hypothesis that there is no acoustic correlate of incomplete neutralization at all. Standard ways of correcting for multiple comparisons, such
as Bonferroni correction, increase the probability of missing a true effect and according to Bender and Lange (2001: 347) the “easiest and best
interpretable approach is to avoid multiplicity as far as possible”. We do this by focusing on vowel duration.

The direction of the vowel duration difference mirrors the durational difference in the intervocalic context, i.e., vowels tend to be longer before final devoiced
stops than before final voiceless stops. Numerically, incomplete neutralization effects of vowel duration are minute. For example, Port and Crawford (1989)
report a difference of 1.2–6.2 ms between devoiced and voiceless stops in German, while Warner et al. (2004) report a difference of 3.5 ms in Dutch. The
magnitude of the incomplete neutralization effect appears to be dialect- and speaker-dependent (Piroth & Janker, 2004), as well as highly sensitive to the
phonetic, semantic and pragmatic context (Charles-Luce, 1985, 1993; Ernestus & Baayen, 2006; Port & Crawford, 1989; Slowiaczek & Dinnsen, 1985).

As German maintains an orthographic contrast between voiced/devoiced and voiceless stops in all positions, the biggest issue surrounding previous results
was the influence of this orthographic representation.3 Most of the above-mentioned experiments used stimuli that had to be read aloud by the participants,

2 We refer to the segment in words such as Rad as “devoiced”. This term is theoretically loaded because it assumes the presence of an underlying voiced segment. However, for this
paper, we merely use the term as shorthand to refer to a segment corresponding to an intervocalic voiced segment within the same morphological paradigm, e.g., Räder [d] vs. Rad [t],
without necessarily invoking a phonological process of devoicing.

3 There are other concerns with incomplete neutralization studies. These include minimal pair awareness, second language proficiency of experimenter and participants and stimuli
selection. These concerns have been dealt with at length in Fourakis and Iverson (1984), Manaster-Ramer (1996), Kohler (2007) and Winter and Roettger (2011).
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inviting the criticism that participants used a form of hypercorrection or spelling pronunciation: as laboratory settings tend to elicit more formal and clear speech,
participants might have produced words based on the written language in a way that they would not do in everyday speech.

In Fourakis and Iverson (1984) (henceforth FI), four native speakers were asked to conjugate neutralized verb forms such as mied (‘avoid.PST.1+
3SG’) when presented auditorily with non-neutralized forms such as meiden (‘to avoid’). Both the duration of the preceding vowel and the closure
duration were measured. No statistically significant incomplete neutralization effect was obtained. Jassem and Richter (1989) (henceforth JR)
conducted a very similar study in Polish in which participants answered questions constructed by the experimenter such that the answer could be
expected to consist of a single word utterance. They measured the duration of the preceding vowel, voicing-into-the-closure/frication, closure/frication
duration, and, where relevant, release duration. Again, four speakers were recorded and no incomplete neutralization effect was found.

In both cases, it was concluded that the lack of a statistically significant effect supports an orthography-based explanation of incomplete
neutralization. Since then, many have cited FI and JR as evidence against incomplete neutralization (e.g., Kohler, 2007, 2012; Wiese, 1996).
However, these studies have methodological shortcomings of their own. For example, FI did not use minimal pairs, but instead compared words such
as mied and riet (‘avoid.PST.1+3SG’ and ‘advice.PST.1+3SG’). As pointed out by Dinnsen and Charles-Luce (1984) and Port and Crawford (1989), this
leaves the potential influence of the syllable onset uncontrolled for. In other words, the durational differences due to final voicing are confounded with
durational differences due to properties of the initial consonant.

Both FI and JR interpret their null results as evidence for the absence of incomplete neutralization. There is a logical problem with “accepting the
null”, and most researchers would argue that it is not logically sound to accept null hypotheses (e.g., Cohen, 1990; Weitzman, 1984), in line with the
saying that “absence of evidence is not evidence for absence”. If anything, one can only demonstrate “sufficiently good effort” to disprove the null
hypothesis (Frick, 1995). FI and JR only tested four speakers – less than most of the previous and following investigations of incomplete neutralization
that did find an effect. Their null results may thus well be due to a lack of statistical power.

Another concern related to statistical power is that FI conducted statistical tests within speakers. Thus, for each individual test there were only a
few data points. Indeed, an across-speaker re-analysis of the published FI data conducted by Port and Crawford (1989) did find significant differences
consistent with incomplete neutralization. Given the low statistical power (due to lack of minimal pairs, a small number of speakers and the fact that
subset analyses were conducted), it is possible that both studies committed a Type II error (i.e., failing to reject a false null hypothesis). This would not
be the first time this has happened with respect to incomplete neutralization. For Dutch final devoicing, Baumann (1995) and Jongman, Sereno,
Raaijmakers, and Lahiri (1992) failed to find significant incomplete neutralization effects, but Warner et al. (2004), with more speakers, did find effects.

At a bare minimum, any study that wants to demonstrate “sufficiently good effort” to disprove the null needs to have at least as many subjects and
items as previous investigations in support of the purported phenomenon. Thus while the studies by FI and JR certainly suggest that effect sizes for
incomplete neutralization are small, their results cannot be taken as counter-evidence against the phenomenon.

With regard to the perceptibility of incomplete neutralization, previous studies investigated accuracy in forced choice identification tasks. The
identification accuracies were reported to be generally lower than in experiments with non-neutralized contrasts (see Brockhaus, 1995: 244, for an
overview) and, in some studies, even barely above chance performance (Port & O'Dell, 1985). This leads to the question as to whether incomplete
neutralization has any function in speech communication.

Previous studies used auditory stimuli for the perception experiments which come from a small set of speakers (e.g., Port & Crawford, 1989), or
in some cases from just a single speaker (e.g., Kleber et al., 2010). This, together with many repetitions, gives participants ample opportunity to
familiarize themselves with speaker characteristics. This in turn might make it easier for participants to detect subtle cues to voicing in a neutralizing
context, enhancing the likelihood that they might be attending to cues that they would not use in listening situations outside of the laboratory.

Thus, although there is some evidence that listeners are able to exploit subtle cues to distinguish devoiced from voiceless stops in final position,
the results must be interpreted with caution. While some see this as genuine evidence for incomplete neutralization as a perceptual phenomenon with
potential real-world relevance, others are more inclined to view it as the result of task demands (e.g., Slowiaczek & Szymanska, 1989; Warner et al.,
2004). Brockhaus (1995: 244), among many others, points out that it is not clear whether the perceptual difference between syllable-final devoiced and
voiceless obstruents is actually “salient enough to be relied upon in normal communication”. Although it is not known how accurate a contrast needs
to be perceived in order to play a role outside the laboratory (Xu, 2010: 334), the low accuracy scores and high variability suggest that incomplete
neutralization would have little if any functional relevance in everyday communicative situations.

In summary, a number of methodological shortcomings have been identified in previous studies arguing for the existence of incomplete
neutralization. However, studies that failed to find incomplete neutralization effects are, themselves, subject to methodological criticism, especially
since failure to find an effect cannot be taken as evidence for the absence of that effect. The present study aims to circumvent these concerns.

Our production studies are inspired by Fourakis and Iverson's (1984) study of German final devoicing, but employ a design that has increased
statistical power (more speakers, more items). We also address the concern that incomplete neutralization is potentially a result of an
orthographically induced contrast. It is known that speakers automatically activate orthographic representations even in completely auditory tasks
(Dehaene et al., 2010; Perre, Midgley, & Ziegler, 2009; Seidenberg & Tanenhaus, 1979; Ziegler & Ferrand, 1998). Given that all previous studies on
incomplete neutralization used real word stimuli, literate speakers inevitably know their written forms. Thus in our first experiment, we employed
pseudowords, such as Gobe or Gope, in order to reduce the effect of orthography. Subjects were presented with a plural form auditorily in which the
target consonant is intervocalic ([ɡoːbə]), and were instructed to produce the singular form ([ɡoːp]) in which the target consonant is word final.
Pseudowords, which effectively have a frequency of 0, presumably lack existing orthographic representations. While it is still possible that
participants think of our auditorily presented pseudowords in terms of orthography (for example, they might think of how they would spell a given
pseudoword in order to produce its related singular form), the design minimizes the role of orthography relative to other studies on incomplete
neutralization, in particular relative to FI. To the extent that orthography impacts the realization of incomplete neutralization, this should make the
effect less likely to emerge.

This design, however, potentially introduces another confound: accommodation to the auditory stimuli. Phonetic accommodation, also known as
phonetic convergence or phonetic imitation, involves the adaptation of a talker's speech to that of his or her interlocutor (e.g., Goldinger, 1998; Gregory
& Hoyt, 1982; Natale, 1975a,b). This process happens even in situations with minimal social interaction: a number of laboratory studies have found
that participants shift their pronunciation of single words towards productions of auditorily presented voices they have just heard (e.g., Babel, 2012;
Goldinger 1996, 1997, 1998; Nielsen, 2011). Thus in a task in which participants are exposed to the intervocalic contrast auditorily (they hear e.g.
[ɡoːbə] or [ɡoːpʰə]) and respond with the corresponding singular form right away, they may merely imitate the acoustics of the stimulus they have just
heard. To address this issue we conducted two additional experiments, eliminating this potential confound by manipulating the acoustic cues of the
intervocalic voicing distinction.
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Finally, given the small effect sizes reported in the literature, we sought to evaluate the functional relevance of incomplete neutralization for speech
communication. To assess the perceptibility of incomplete neutralization in a more ecologically valid design, we replicated earlier perception studies
utilizing a number of different voices. If speakers consistently fail to fully neutralize the voicing contrast in final position, and/or if listeners are able to
distinguish between voiceless and devoiced stops with greater than chance accuracy, this suggests that neutralization is indeed incomplete. Even if it
arguably has no functional utility for communication, an explanation of this effect is nonetheless warranted, given its implications for foundational
theories of phonological processing and lexical organization.

3. Production Experiment 1

3.1. Methodology

3.1.1. Participants and experimental procedure
Sixteen native speakers of German participated in the experiment (mean age: 25 years; nine women). All were undergraduates or PhD students

in the humanities living in Cologne or in the area surrounding Cologne. Most of them grew up in this area and all participants claimed to speak
non-dialectal Standard German. None of the participants were familiar with the concept of incomplete neutralization prior to the post-experiment debriefing.

The recording session was managed by a native speaker (the first author) and conducted entirely in German. Participants were seated in a well-
illuminated sound-treated booth in front of a computer screen. They were given written instructions that stated that the experiment investigates
German plural formation. None of the participants reported noticing the presence of minimal pairs in the post-experimental interview. This addresses
previous concerns surrounding the idea that incomplete neutralization effects might be artificially enhanced because of hyperarticulation due to
participants noticing the final voicing alternation (see discussion in Winter & Roettger, 2011). After the written instructions, the remaining procedure
was conducted auditorily. In each trial, participants first heard a stimulus sentence such as (3) and then produced a corresponding sentence such
as (4).

Plural stimulus :

Aus Dortmund kamen die Drude: ð3Þ

From Dortmund come.3PL.PST DEFDET.PL.NOM NONCE-PL
From Dortmund came the NONCE-PL.

Singular response :

Ein Drud wollte nicht mehr : ð4Þ

INDFDET.SG.M.NOM. NONCE-SG want.3SG.PST NEG longer
One NONCE-SG did not want to continue.

The experiment was run using Superlab 2.04 (Abboud, 1991). At the beginning of each trial, a cross appeared in the center of the screen (+) and
participants heard the plural sentence through headphones. After presenting a blank screen for 500 ms three question marks appeared on the screen.
Participants were now asked to produce the corresponding singular sentence. The experiment was self-paced and there were no time constraints.

Prior to the actual experiment, participants listened to eight demonstration stimuli, each of which was a plural sentence followed by a singular
response. None of these demonstration items were potential critical items, and none included a voiced/voiceless obstruent distinction. This was done
so as not to bias our participants' responses with respect to incomplete neutralization. After the demonstration, participants performed eight practice
trials where they had to produce the response sentences themselves. The actual experiment was divided into four blocks. After each block, there was
an obligatory break of at least ten seconds. On average, the entire experiment (including instruction and debriefing) took about 30 min.

3.1.2. Speech material
The experimental items consisted of 24 pseudoword pairs such as (5)–(7) (see Appendix A):

Gobe [ɡoːbə] vs. Gope [ɡoːpʰə] (5)

Frade [fraːdə] vs. Frate [fraːtʰə] (6)

Schuge [ʃuːɡə] vs. Schuke [ʃuːkʰə] (7)

All pseudowords were trochaic and complied with German phonotactic rules. There were eight bilabial, seven alveolar and nine velar stimulus
pairs, each containing one of the vowels /aː, oː, uː, iː, aʊ̯/. Each experimental item was introduced as a masculine noun inflected for the plural. Plural
inflection was indicated through the regular plural marker for masculine nouns (/-ə/), the plural determiner /diː/ and number agreement on the verb. The
German plural system exhibits many irregularities, and we chose the particular plural form used in this study because it is the most likely plural of
monosyllabic masculine nouns (e.g., Arm/Arme ‘arm/arms’, Stift/Stifte ‘pen/pens’, etc.). We did not choose the commonly occurring plural ending –en
because speakers are more insecure as to which singular form corresponds to pseudowords ending in –en (as a pilot study demonstrated), and
because this marker often involves schwa deletion and a nasal release, which might in turn lead to an additional lengthening of the preceding vowel.

As German plural formation is very complex, we needed to norm our stimuli with respect to their morphology. A list of the intended singular forms
was given to a group of five participants who were asked to provide the respective plural forms. Indeed, the schwa-plural (/-ə/) was the most frequent
response pattern (84% of all responses). However, as expected, some nonsense words were more consistently formed with this morpheme than
others. The extent to which a stimulus was identified as schwa-plural was included in the statistical analyses presented below.

To further alleviate the concern of hyperarticulation due to minimal pair awareness, we included 96 fillers (2/3 of the total stimulus set), 70% of
which contained an umlaut vowel. As plural forms with umlaut vowels sometimes do and sometimes do not require a vowel change (e.g., Turm>Türme
‘tower/towers’ but Bär>Bären ‘bear/bears’), we hoped this would increase the salience of the fillers, simultaneously detracting attention from the
critical stimuli. Forty different city names (randomized over stimulus pairs) were embedded in the carrier phrase to introduce an additional distracting
element, but in all other respects the carrier phrase (‘Aus (CITY NAME) kamen die (NONCE PLURAL)’) remained constant. We avoided repetition of items to
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further decrease the salience of the relevant minimal pairs. The 144 stimuli and the 16 demonstration and practice items were spoken by a native
speaker of German (male, trained phonetician) and recorded in a sound-treated booth with an AKG C420 III microphone. All stimuli were randomized
and divided into four blocks. Members of a stimulus pair were always within different blocks. At the beginning of the experiment, each participant was
randomly assigned to one of eight block orders.

3.1.3. Acoustic analysis of stimuli
We performed acoustic analyses of the plural stimuli that were presented to participants to ensure that the stimuli have the typical acoustic

characteristics of German voiced and voiceless stops (Keating, 1984; Kohler, 1984). Using Praat (Boersma & Weenink, 2011),
we measured the duration of the vowel preceding the critical stop, the closure duration, the duration of the following vowel, the burst duration, the
voice onset time and the median intensity of the burst. In addition, we analyzed the mean fundamental frequency (f0), as well as the f0 in the first
quintile of the vowel following the stop release.

The vowel preceding the critical stop was on average 28 ms (SE¼3.7) longer before intervocalic voiced stops than before intervocalic voiceless
stops (χ2(1)¼30.27, p<0.001)4; there was no significant difference in the following vowel (χ2(1)¼0.04, p¼0.99). Voice onset times were on average
42 ms (SE¼2.3) longer for voiceless stops (χ2(1)¼65.57, p<0.0001), and closures were on average 21 ms (SE¼1.56) longer for voiceless stops
(χ2(1)¼52.8, p<0.0001). There were no significant differences for burst duration (χ2(1)¼1.57, p¼0.85) or burst intensity (χ2(1)¼0.37, p¼0.99),
nor were there differences of mean f0 (χ

2(1)¼2.17, p¼0.7) or of the first quintile f0 in the second vowel (χ2(1)¼2.75, p¼0.56). Furthermore, all but one
of the voiced stimuli had consistent voicing during the closure, meaning that vocal fold vibration was a reliable and consistent cue. Thus, the stimuli
that were given to participants are relatively typical German voiced and voiceless stops. We found large differences in vowel durations before voiced
and voiceless stops, the closure duration and the voice onset time in addition to voicing during the closure. This means that there are at least four
robust cues for participants to distinguish between the voiced and the voiceless stimuli intervocalically. We presented these stimuli to five male and
five female German participants who were able to retrieve the voicing status with 98% accuracy. Having described the phonetic details of the stimuli,
we now turn to the measurements of the responses.

3.1.4. Acoustic analysis of responses
Participant responses were digitized at a sampling rate of 44.1 kHz (16 bit). The durations of the vowels preceding the final stops were measured

by the first author. If the sound preceding the vowel/diphthong was a stop, the onset of the vowel was defined as the onset of voicing in cases of
voiceless stop or as the end of the burst in cases of voiced stops. A sudden discontinuity in the spectrogram was taken as the onset of vowels
following fricatives ([ʃ]), nasals ([m] and [n]), laterals ([l]) and palatal approximants ([j]) (e.g., [ʃuːk], [muːp], [bloːk] or [jiːt]). The end of the vowel was
defined as the end of the second formant of the vowel, which usually coincided with a sudden drop in amplitude of voicing. To assess the interaction
between incomplete neutralization and prosodic factors, we also coded certain aspects of the prosodic realization including the accent position and the
presence of a potential prosodic boundary following the critical item.

3.1.5. Statistics
All data were analyzed with generalized linear mixed models, using R (R Core Team, 2012) and the package lme4 (Bates, Maechler, & Bolker, 2012).

For the production experiments (Experiments 1, 2 and 3), we used a Gaussian error distribution (assuming normality). We adhere to the random effect
specification principles outlined in Barr, Levy, Scheepers, and Tily (2013). We included a term for random intercepts for participants and items, which quantifies
by-participant and by-item variability in overall vowel duration (i.e., the fact that some speakers tend to produce longer or shorter vowels). The critical fixed effect
in question was VOICING (i.e., voiced vs. voiceless in the plural form, where voiced¼ /b,d,g/ and voiceless¼ /p,t,k/), and for this fixed effect, we included correlated
random slopes for participants and items (this quantifies by-participant and by-item variability in the effect of VOICING).

In our model selection process, we conceptually separated the fixed effects into control variables and the test variable (VOICING). ACCENT TYPE and
PROSODIC BOUNDARY were two prosodic control variables. If either one of these had led to a significant interaction with VOICING, this would have indicated
that the amount of incomplete neutralization depends on prosodic conditions, and could have been the result of hyperarticulation due to e.g. prosodic
strengthening (e.g. Cho & Keating, 2009). VOWEL QUALITY and PLACE OF ARTICULATION (bilabial vs. alveolar vs. velar) were also included to explain residual
variance. Since processing differences could lead participants to perceive some singular forms as better matches to their corresponding plural forms
than others, we included the results of our stimulus norming as an additional control variable, PLURAL ASSOCIATION.

We first tested whether VOICING interacted with the control variables by performing a likelihood ratio test between a model containing interactions
and a model containing main effects only. We then excluded the interaction between VOICING and all control variables. P-values were generated using
likelihood ratio tests.

3.2. Results

VOICING had a significant effect on vowel duration in the singular form (χ2(1)¼13.76, p<0.0002), with vowels estimated to be 8.6 ms longer before devoiced
stops rather than to voiceless stops (SE = 2.03 ms). The effect of VOICING on vowel duration was fairly consistent across participants and items, as can be seen
in Fig. 1. Overall, 14 out of 16 participants and 20 out of 22 items exhibited longer vowels preceding devoiced stops than preceding voiceless stops. Descriptive
inspection of the data did not indicate that the effect was dependent on any item specific phonotactic characteristics (cf. Appendix A for a detailed listing of
vowel differences for each stimulus pair separately). This was statistically validated: there were no interactions between VOICING and any of the control variables
(χ2(10)¼9.45, p¼0.49). This means that the effect of VOICING on vowel duration did not depend on either of the prosodic variables (ACCENT TYPE or PROSODIC

BOUNDARY),5 nor on the variables VOWEL QUALITY, PLACE OF ARTICULATION, or PLURAL ASSOCIATION.

4 Here and subsequently we report likelihood ratio tests between hierarchical linear regression models (“mixed models”) with the fixed effect VOICING and random intercepts Item
(no random effect for Speaker is needed as there is only one Speaker), as well as random slopes for Voicing dependent on Item. P-values were corrected for multiple testing by means of
Dunn–Šidák correction.

5 The target word was deaccented (EIN Gop wollte nicht mehr), or accented in prenuclear (Ein Gop WOLLTE nicht mehr; Ein Gop wollte NICHT mehr) or nuclear position (Ein GOP wollte
nicht mehr).
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Pseudowords are by definition unusual for our participants, and so we were concerned about problems with the task. To see whether our results
might be disproportionately affected by a few extremely unusual responses, we performed subset analyses in which we excluded all responses where
the pseudoword was either incorrectly remembered (e.g., substituting the vowel /iː/ for /eː/), or produced with considerable hesitation. This led to a
removal of 10.02% of our data points, a considerable reduction of the size of the dataset. Nevertheless, even with these responses excluded, the main
effect still obtains (χ2(1)¼13.34, p<0.0003), with vowels being 8.6 ms longer (SE¼2.04 ms) before devoiced stops.

Our results indicate a successful extension of the FI study of incomplete neutralization in German, i.e., speakers produce longer vowels before
stops corresponding to voiced stops in the plural form (‘devoiced’) than to the voiceless stops in the plural form (‘voiceless’). However, there is a
potential confound inherent to our design: namely, the pronounced differences in vowel duration between intervocalic voiceless and voiced stops in
the acoustic stimuli (Section 3.1.3). This raises the possibility that the observed effect is simply an artifact of phonetic accommodation: since all stimuli
were produced by a single speaker, participants may simply have been imitating the vowel duration differences when producing the singular forms with
the stop in final position. This would be in line with previous research demonstrating that speakers shift their pronunciation towards productions of
auditorily presented voices they have just heard (e.g., Babel, 2012; Goldinger, 1998; Nielsen, 2011). Experiments 2 and 3 were conducted to address
this issue. By systematically manipulating the durational cue of the intervocalic stops in the plural forms, we can evaluate the potential impact of
phonetic accommodation on the observed incomplete neutralization effect.

4. Production Experiment 2

4.1. Methodology

4.1.1. Participants and experimental procedure
Sixteen speakers participated in Experiment 2 (mean age: 27 years; 9 women). Background details of participants are as stated for E1. None of the

participants in E2 had participated in E1. All details of the procedure were the same as in E1 if not stated otherwise.
In Experiment 2, we used a different carrier sentence. For each trial, participants first heard a sentence such as (8) and then produced a

corresponding sentence such as (9).

Plural stimulus :

Peter weib nun, wie die Bauge aussehen: ð8Þ

Peter know 3SG.PRS now how DET.PL.NOM NONCE-PL look
Peter knows now what the NONCE-PL look like.

Singular response :

Denn nur der Baug sieht so aus: ð9Þ

Because only DET.SG.M.NOM NONCE-SG look.3SG.PRS like PART

As only the NONCE-SG looks like this.

4.1.2. Speech material, stimulus manipulation and norming
The experimental items consisted of 48 pseudoword pairs (see Appendix B). There were 24 stimulus pairs with labial and 24 with velar stops, each

of which followed one of the vowels /iː, eː, aː, aʊ̯, oː, uː/.6 To minimize measurement difficulties, alveolar stops (which may show coarticulatory effects
of the following word) were excluded.
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Fig. 1. Results of Experiment 1. Difference in vowel duration between stops in final position corresponding to voiced and voiceless stops in intervocalic position (‘devoiced’ and ‘voiceless’,
respectively). Means are arranged according to size for all subjects (upper plot) and items (lower plot) separately. Error bars indicate standard errors taken from the model described in
Section 3.1.5. Dashed lines indicate no difference between devoiced and voiceless stops.

6 Acoustical analyses of the stimuli show that the vowel preceding the critical stop was on average 23.78 ms (SE¼2.62) shorter before voiceless stops (χ2(1)¼48.547, p<0.0001).
The mean closure duration was 13.7 ms (SE¼1.74) longer for voiceless stops (χ2(1)¼40.32, p<0.0001) and VOTs were on average 47.34 ms longer for voiceless stops (SE¼1.75,
χ2(1)¼208.28, p<0.0001). All of the voiced stimuli had voicing during the closure. Thus, as in E1, robust cues to the voicing status of the critical stop were present in intervocalic position.
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Stimuli were balanced for vowel quality. As in E1, each experimental item was introduced as a masculine noun inflected for plural, and a norming
study found that the schwa-plural (/-e/) was the most frequent response pattern (82% of all responses). Unlike E1, there were no fillers, making the
contrast between the corresponding members of a minimal pair more obvious to participants and potentially leading to an enhancement of the effect
under investigation (cf., Jassem & Richter, 1989), which in turn might make a potential confound effect of accommodation easier to detect. The 48
stimulus pairs were spoken by a native speaker of German (male, trained phonetician) along with the demonstration and practice items in a sound-
treated booth recorded with an AKG C420 III microphone.

To evaluate the potential impact of phonetic accommodation, we manipulated the duration of the vowel preceding the intervocalic stops in the plural forms
(e.g. /oː/ in /ɡoːpə/). We took the mean difference in vowel duration preceding voiced and voiceless stops produced by the speaker as
a baseline: Vowels preceding voiced stops were 16% longer than vowels preceding voiceless stops. We then manipulated vowel durations of
both members of a minimal pair using TD-PSOLA (Time-Domain Pitch Synchronous OverLap-Add, Moulines & Charpentier, 1990) resynthesis as
implemented in Praat (Boersma & Weenink, 2011) selecting a 10 ms Hanning window for analysis. Fundamental frequency was not manipulated. As this was a
between-items design, each stimulus pair was manipulated only once and assigned to one of four sets. Stimuli in set A were edited to have a difference in
vowel duration of 32% (henceforth enhanced); that is, vowels preceding voiced stops were 32% longer than vowels preceding voiceless stops (twice as long as
the baseline condition). Stimuli in set B were edited to have a difference in vowel duration of 16% (henceforth original), similar to the baseline. Vowel durations
of stimuli in set C did not differ at all (henceforth neutralized), meaning that vowel duration as a cue to intervocalic voicing was neutralized. Stimuli in set D were
manipulated so that vowels preceding voiceless stops were 16% longer than those preceding voiced stops (henceforth reversed). In other words, set D
contained stimuli where the effect of voicing on vowel duration was the mirror image of the baseline. The stimuli were judged to sound natural by a native
speaker of German.

Additionally, we examined the perceptual robustness of the voicing distinction in the manipulated forms by conducting a norming study. Five native
speakers of German (mean age: 25) were asked to decide whether the presented stimuli were voiced or voiceless in a forced-choice identification
task. The norming study confirmed that the voicing contrast is very easy to perceive for all manipulation conditions: participants did not make any
errors in identifying the voicing category. Even though we manipulated one perceptual cue to the voicing distinction, participants were able to rely on
other cues like voicing during the closure, VOT and closure duration.

4.1.3. Stimulus presentation, acoustic analyses of responses and statistics
All stimulus presentations were randomized for each participant. The actual experiment was divided into four blocks. The first two blocks contained all 48

critical pairs, balanced for place of articulation of the stop, vowel quality and condition (voiced or voiceless). A subset of these items was repeated twice in
blocks three and four. Corresponding members of a minimal pair in the first two blocks were separated by one block (so by at least 24 items). The acoustic
analysis and statistical analysis was performed as specified for E1. In our model selection process, we separated the fixed effects into control variables (PLACE
OF ARTICULATION, VOWEL QUALITY, PLURAL ASSOCIATION and REPETITION) and test variables (VOICING and MANIPULATION CONDITION). Statistical analyses were performed as
specified for E1.

4.2. Results

We found an interaction between MANIPULATION CONDITION and VOICING (χ2(1)¼7.01, p¼0.008). For each manipulation step (enhanced⪢original⪢
neutralized⪢reversed), the estimated difference between devoiced and voiceless stops became 1.49 ms smaller (SE¼0.57 ms). Interestingly, an
incomplete neutralization effect was observed even in the neutralized and the reversed conditions, where the duration cue was at best uninformative.
There was also a main effect of VOICING (χ2(1)¼12.76, p¼0.00035), with vowels being overall 4.3 ms shorter (SE¼1.02 ms) before voiceless stops
than before devoiced stops (pooled across different manipulation conditions; see Fig. 2).

As in Experiment 1, we did not find any interactions between VOICING and any of the control variables (χ2(8)¼3.54, p¼0.89), suggesting that PLURAL
ASSOCIATION, PLACE OF ARTICULATION, VOWEL QUALITY and REPETITION, did not have an effect. Subsequent inspection did not reveal any interaction of item
specific phonotactic characteristics (see Appendix B for a detailed listing of vowel differences for each stimulus pair).

The results of Experiment 2 show that manipulation of the vowel duration in the plural stimulus affected the degree to which neutral-
ization was incomplete. Nonetheless, there was still a significant overall effect of incomplete neutralization in the expected direction, even in the reversed
condition. In other words, even though in a quarter of cases the input stimuli exhibited shorter vowel durations preceding voiced stops, participants produced
shorter vowel durations preceding voiceless stops, suggesting that the effect of accommodation, if present, was at best small.

However, since this experiment employed a between-item design, all participants were prompted with items from all four manipulation conditions.
Thus, we cannot rule out the possibility that stimuli of one condition might have influenced those of other conditions (“carry-over effects”). In addition,
the manipulation conditions were not perfectly balanced; there was an overall duration advantage for vowels preceding voiced stops of +16% (adding
up all conditions, 32%, 16%, 0%, –16%). This advantage is actually biased towards incomplete neutralization, as participants might have adapted to
the overall 16% vowel duration difference, which might explain the persistence of the effect even in the neutralized and reversed conditions. To rule out
this possibility, we conducted a third experiment with a between-subjects design and balanced manipulation conditions.

5. Production Experiment 3

5.1. Methodology

5.1.1. Participants and experimental procedure
Sixteen speakers participated in Experiment 3 (mean age: 24 years; 10 women). Background details of participants are as stated for E1 and E2.

None had participated in the previous experiments. All details of the procedure were the same as in E2 if not stated otherwise.

(footnote continued)
As there was no interaction between manipulation condition and voicing for the parameters (χ2(1)≤3.91, p≥0.27), we may conclude that there were no differences of intervocalic voicing
cues between conditions.
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5.1.2. Speech material, stimulus manipulation and norming
The 24 stimulus pairs consisted of a subset of the items used in E2 (cf. Appendix B).7,8 Again, we manipulated the vowel durations as stated for

E2. Each minimal pair was manipulated twice resulting in two stimulus sets: In set A, the difference in vowel duration was 32% (henceforth enhanced),
that is vowels preceding underlying voiced stops were 32% longer than vowels preceding voiceless stops. In set B, the difference in vowel duration
was 32% in the opposite direction (henceforth reversed).

As was done for E2, we examined the perceptual robustness of the voicing distinction in the manipulated forms by conducting a norming study.
Five native speakers of German (mean age: 24) were asked to decide whether the presented stimuli were voiced or voiceless in a forced-choice
identification task. All stimuli in both manipulation conditions were presented to all participants. The norming study confirmed that the voicing contrast
is very easy to perceive: for the enhanced condition, participants were 100% correct in identifying the voicing of a stop, and for the reversed condition
they were 99% (¼3 incorrect tokens) correct.

5.1.3. Stimulus presentation, acoustic analyses of responses and statistics
Subjects were randomly assigned to one of two groups. Group A was presented with stimuli from set A only (enhanced stimuli), and group B was

presented with stimuli from set B only (reversed stimuli). All stimuli were randomized for each participant. The actual experiment was divided into three
blocks. In each block each stimulus was presented once resulting in three productions of each stimulus. The acoustic and statistical analyses were
performed as specified for E2.

5.2. Results

As opposed to Experiment 2, there was no interaction between MANIPULATION CONDITION and VOICING (χ2(1)¼1.25, p¼0.26). However, numerically
there was a small impact of manipulation condition, with the incomplete neutralization effect being 2.69 ms (SE¼2.42) smaller in the reversed
condition. For the enhanced condition, the predicted difference between devoiced and voiceless stops was 4.1 ms (SE¼3.12). The difference
between the two manipulation conditions, while not significant, resembles the effect seen in E2; however, the main effect of VOICING did not reach
significance (χ2(1)¼1.62, p¼0.2), with vowels being only 1.75 ms shorter (SE¼1.32 ms) before voiceless stops (cf. Fig. 3). Experiment 3 thus marks
a failure to replicate the incomplete neutralization effect. Subsequent inspection of the results did not indicate any interaction of underlying voicing with
item-specific phonotactic characteristics (cf. Appendix B for a detailed listing of vowel differences for each stimulus pair).

Before we proceed to the perception experiment, we summarize the results of the three production experiments and discuss their implications for
the incomplete neutralization debate.

5.3. Discussion of production results

In Experiment 1 we found a difference in vowel duration depending on the voicing status of the intervocalic stop in the (plural) stimulus form. Thus,
we were able to demonstrate that neutralization of the voicing contrast in final position is incomplete in terms of the duration of the preceding vowel,
even when the influence of orthography was minimized by using auditory presentation of pseudowords (which are presumed to lack pre-existing
orthographic representations). The pattern was found to be consistent across different individuals and stimuli even when controlling for variation
between different participants and items. Furthermore, we found no interactions between the incomplete neutralization effect and any of the other
variables that we controlled for. This is noteworthy, as it suggests that the incomplete neutralization effects were not altered by prosodic characteristics
or place of articulation, suggesting relative independence from these factors.
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Fig. 2. Results of Experiment 2. Difference in vowel duration between devoiced and voiceless stops. Means are arranged according to size for all subjects (upper plot) and items (lower
plot) separately. The lower plot shows vertical solid lines that separate the between-item manipulations of vowel duration. Dashed lines indicate no difference between voiced and
voiceless stops.

7 Acoustical analyses of the stimuli show that the vowel preceding the critical stop was 16.56 ms (SE¼3.86) shorter before voiceless stops (χ2(1)¼14.12, p¼0.00017). The closure
duration was 13.71 ms (SE¼1.95) longer for voiceless stops (χ2(1)¼27.62, p<0.0001). VOTs were on average 47.54 ms long for voiceless stops (SE¼2.84, χ2(1)¼94.04, p<0.0001). All
of the voiced stimuli had voicing during the closure. So as stated for E1 and E2, there were robust cues for the voicing status of the critical stop in intervocalic position.

8 Due to a coding error, one stimulus pair had to be excluded from the analysis.
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Finally, our debriefing indicated that participants perceived the task to be a morphological one – none were aware of the fact that we were looking
specifically at minimal pairs such as [ɡoːbə] and [ɡoːpʰə]. This suggests that our distraction devices (instructions, difficult fillers, different city names) were
successful, and that task demands and strategic responses were unlikely to play a significant role. We can then safely conclude that we have demonstrated the
existence of an incomplete neutralization effect while avoiding the methodological shortcomings that may have impacted previous findings.

Experiment 2 replicated the findings of Experiment 1 and ruled out a potential confound, namely accommodation to the input stimuli. We demonstrated an
incomplete neutralization effect of vowel duration in four manipulation conditions. Participants produced incomplete neutralization effects in the expected
direction even when they were prompted with intervocalic cues providing evidence in the opposite direction. Although there was a statistically significant
difference between the manipulation conditions, and thus potentially a residual effect of accommodation, this effect was numerically very small.

The incomplete neutralization effect was even smaller in Experiment 3, where we manipulated vowel durations in a between-subjects design.
Whereas in the enhanced condition, there still was a numerical difference between vowels before devoiced and voiceless stops that was of similar
magnitude as in the other experiments, this difference was even further diminished in the reversed condition. The latter condition is strongly biased
against an incomplete neutralization effect, as all of the stimuli are manipulated so as to make accommodation counteract the vowel duration
differences predicted by incomplete neutralization. It should also be pointed out that a between-subjects design inherently reduces statistical power. It
is therefore unsurprising that we failed to replicate an incomplete neutralization effect in Experiment 3. As has been observed repeatedly in the
literature on final devoicing in Dutch and German, incomplete neutralization effects are brittle and can be difficult to detect with inferential statistics
(Baumann, 1995; Fourakis & Iverson, 1984; Jongman et al., 1992; Warner et al., 2004).

We now turn to the role of orthography. Given that literate adult speakers constantly and habitually associate phonological with orthographic
forms (Perre et al., 2009; Seidenberg & Tanenhaus, 1979; Ziegler & Ferrand, 1998), participants might have mentally constructed orthographic
representations “on the fly”. Thus, a given participant that has just heard a pseudoword such as [ɡoːbə] might have activated an orthographic mental
representation of that word, despite our solely auditory task design. It should be emphasized, however, that the magnitude of the effect that we
obtained for vowel duration is comparable to previous studies that did have orthographic representations as the input.

Although we minimized the role of orthography at least to the same extent as Fourakis and Iverson (1984), our use of pseudowords comes with its own set
of problems. For one thing, as pseudowords are necessarily unknown and unfamiliar (and thus have a frequency of 0), they may be more likely to be
hyperarticulated (see Whalen, 1991, 1992). This, however, does not seem to be the case in our data. The overall vowel durations in Experiment 1, for example,
are lower than previously reported ones: our mean was 156 ms (SD¼44 ms), whereas Port and O'Dell (1985: 459) reported 202–305 ms and Charles-Luce
(1985: 315) reported 184–211 ms, suggesting that relative to these other experiments, our participants were if anything hyperarticulating less.

Furthermore, pseudowords always introduce the possibility of analogy to real words. The difference in frequency of different V-C sequences in the
lexicon is the main source of potential analogical asymmetries. For example, tense/long vowels tend to precede voiced bilabial/velar stops (e.g., /liːbə/
‘love’, /fliːɡə/ ‘fly’), while lax/short vowels before voiced bilabial/velar stops are very rare (e.g., /ɛbə/ ‘tide’). We addressed this issue by manual
inspection of the data and adding place of articulation as an effect to our statistical models. We found no noteworthy pattern, suggesting that any item-
specific effects of individual pseudowords are marginal.

Finally, we checked for the possibility that singular-plural formation was more difficult for some stimuli than for others, which could introduce a
potential confound. Data collected in our norming studies were used to predict production results, but no effect of plural formation preference was
observed. We conclude that any processing difficulties due to idiosyncratic properties of the stimuli are of minor importance for our results.

We now turn to the perception experiment.

6. Perception experiment

The production experiments confirmed that neutralization of the voicing contrast in final position is indeed incomplete. We have ruled out a number of
potential methodological reasons for this incompleteness. However, as mentioned in Section 1, it is not clear what, if any, functional role incomplete
neutralization plays in speech communication. To further our understanding of the perceptibility of incomplete neutralization, our fourth experiment
sets out to replicate and extend earlier studies of incomplete neutralization in perception. Previous studies used auditory stimuli from a small set
of speakers, or even just a single speaker (e.g., Kleber et al., 2010; Port & Crawford, 1989). But are listeners able to discriminate between final
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Fig. 3. Results of Experiment 3. Difference in vowel duration between devoiced and voiceless stops. Means are arranged according to size for all subjects (upper plot) and items (lower
plot) separately. The upper plot shows a vertical solid line that separates the between-participants manipulation. Dashed lines indicate no difference between devoiced and voiceless stops.
The lower plot shows 23/24 items because one item had to be excluded due to a coding error.
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stops corresponding to intervocalic voiced and voiceless counterparts when they are confronted with a multitude of speakers? For a more ecologically valid
assessment of incomplete neutralization in perception, our experiment confronted listeners with productions from all of the participants of Experiment 1.

6.1. Methodology

6.1.1. Participants and experimental procedure
Sixteen listeners participated in the experiment, none of whom had participated in any of the preceding experiments. All participants were native

speakers of German with no reported hearing deficits (mean age: 30 years; five women). Two of the participants were authors of this study (the first
and the second author, both from the Cologne/Rhine region), neither of whom performed remarkably better or worse than naïve participants, thus
showing that even extensive familiarity with the training stimuli does not affect the results of this experiment. The remaining participants were either
living in Cologne or in Leipzig. Regardless of their origins, all participants claimed to speak non-dialectal Standard German.

Participants heard the response sentences spoken by the speakers of Experiment 1. They were asked to decide whether the presented stimulus
corresponded to an intervocalic voiced or voiceless stop by choosing the appropriate written presentation of a word (e.g., Gob vs. Gop). These were
presented on the left and the right side of the screen (counterbalanced), and participants had to press a left or right button on the computer keyboard.
Because we expected ceiling effects in the direction of the voiceless response, the instructions emphasized that exactly half of the stimuli were from
the set <b,d,ɡ> and half were from the set <p,t,k>. In order to control for the possibility of a speed-accuracy trade-off, we also measured reaction
times. The procedure was run using E-Prime 2.0 (Schneider, Eschman, & Zuccolotto, 2002).

6.1.2. Speech material
The experiment was designed to capture immediate success in perceiving the distinction between stops corresponding to voiced and voiceless

stops in intervocalic position as well as long-term success over many trials and repetitions. Recall that Experiment 1 contained 748 critical stimuli (16
speakersn24 itemsn2 voicing conditions). In order to mitigate the potential effects of participant fatigue, we sampled a subset of these data (192 items)
to use as stimuli in the perceptual study.

In order not to handpick particular items, semi-random subsets of 192 items (12 items per speaker) were sampled from the set of critical stimuli (the
sampling was semi-random in order to insure that each speaker and each item was represented). In order to make sure that the stimuli included
acoustic evidence of incomplete neutralization, we chose the first subset with a significant incomplete neutralization effect. Out of this subset
we constructed four lists that constituted the four blocks of the experimental procedure. In each block, each stimulus pair (e.g., Gob vs. Gop) and
each speaker appeared at least once. Each devoiced/voiceless combination came from the same speaker (e.g., Gob and Gop in list 1 were both from
speaker 4). Given that there were 24 item pairs but only 16 speakers, 8 speakers had to be re-used and their voices appeared twice per block.

6.1.3. Statistics
There are several ways of analyzing this type of perception data. The traditional way works with d′, a sensitivity index derived from Signal Detection

Theory (Green & Swets, 1966). d′ takes into account a subject's response bias (here, their inclination to respond with “voiced” or “voiceless”) in order
to compute a measure of perceptual sensitivity. We calculated d′ per subject, per item and per speaker voice and performed one-sample t-tests
against d′¼0 for each of these measures. While this traditional analysis already takes bias into account, we cannot use it to analyze the effects of
other measures on accuracy, such as response times and trial order. For this, we used a mixed logistic regression model with “accuracy” (0 or 1) as
the dependent measure. As fixed effects we included mean-centered RESPONSE TIMES, TRIAL ORDER and REPETITION. We included correlated random
slopes for subject, item and speaker voice. If the intercept of this model is significantly above zero, we can conclude that participants are able to
perceive the voicing contrast in the neutralization context with above chance accuracy.

6.2. Results

Fig. 4 displays d′ per subject, item and speaker voice. Overall, d′ was fairly low, indicating that sensitivity to the voicing of final stops, when
response bias was controlled for, was poor. T-tests indicate that d′ is significantly above zero by subjects (t(15)¼7.1, p<0.0001), items (t(23)¼4.419,
p¼0.00019) and speaker voices (t(15)¼3.79, p¼0.0017), with estimates of 0.25 (SE¼0.036), 0.29 (SE¼0.066) and 0.27 (SE¼0.072), respectively.

In the mixed logistic regression analysis, there were no effects for TRIAL ORDER (χ2(3)¼5.53, p¼0.14) or REPETITION (χ2(3)¼5.01, p¼0.17). The
absence of an effect of REPETITION indicates that participants were no more likely to respond correctly the second time they heard the same item spoken
by the same voice. This suggests that there was no familiarization effect. The absence of an effect of TRIAL ORDER on accuracy indicates that there was
no overall learning effect either. There was, however, a significant effect of RESPONSE TIME (χ2(3)¼8.88, p¼0.03). Although faster responses were less
accurate, the decrease was very small, with only a 5% decrease in accuracy per SD of response times (log odds: −0.053, SE¼0.027).

Crucially, the intercept of this analysis was positive and significant (p<0.0001), with an estimated overall accuracy of 55% (log odds: 0.35,
SE¼0.09). This indicates that listeners were, on average, more likely to respond correctly than incorrectly. If we add CORRECT VOICING as a predictor
(whether the spoken word was the intervocalic counterpart of a voiced or voiceless stop), we can divide up the results according to whether tokens
have voiced and voiceless counterparts and look at differences in accuracies for these two conditions. With this model, participants were not
significantly above chance for devoiced stops (51.4%, log odds: 0.057, SE¼0.07), but they were for voiceless stops (p<0.0001), with 58.66% (log
odds: 0.29, SE¼0.05), indicating that they were 1.3 times more likely to respond correctly when listening to a voiceless stop.

6.3. Discussion

The accuracy average of just 55% is barely above chance performance, and contrasts starkly with the near 100% accuracy averages obtained in the
norming studies of Experiments 1–3. In addition, participants performed worse when responding to devoiced stops (average accuracy of just 51%), which was
not significantly different from chance performance. In turn, the overall significant accuracy scores might be due to a ceiling effect, i.e., participants correctly
identified voiceless stops more often than devoiced stops. Even though similar results were obtained in previous perception studies on incomplete neutralization
(e.g., Port and O'Dell (1985) report mean accuracy values of 59%), the present results are the lowest accuracy scores reported in the literature.9
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These low accuracy values naturally lead one to the question of whether incomplete neutralization plays any role in speech perception outside of
the laboratory whatsoever. As there are only a handful of minimal pairs which are distinguished by the voicing specification of the final stop, and as
these minimal pairs most often have different syntactic contexts which help to disambiguate them (e.g., the adjective tot ‘dead’ and the noun Tod
‘death’ would never appear in the same syntactic position), one could argue that the role of incomplete neutralization as a perceptual cue outside
of a controlled laboratory context is negligible and unlikely to have a great deal of functional relevance in everyday speech communication. However,
there is a great body of evidence demonstrating that fine phonetic detail (which may not be immediately perceptually detectable) is used in lexical
access and spoken word recognition (e.g., Davis, Marslen-Wilson, & Gaskell, 2002; Hawkins & Nguyen, 2003). Thus, the present results should not
necessarily be interpreted as evidence against the functional relevance of incomplete neutralization.

7. General discussion

A substantial number of experiments over the last three decades have reported minor acoustic differences between obstruents in a phonologically
neutralizing context corresponding to voiced and voiceless counterparts intervocalically (which we have referred to as ‘devoiced’ and ‘voiceless’,
respectively). The bulk of these studies were focused on German, although the finding has been advanced for other languages as well. As noted
earlier, the findings of many of these studies have been called into question on methodological grounds, but studies purporting to provide counter-
evidence such as Fourakis and Iverson (1984) or Jassem and Richter (1989) were at least as problematic (see Section 2). The aim of the present
study was to put the debate surrounding incomplete neutralization on a firmer empirical footing by using an auditory design similar to that of Fourakis
and Iverson, but with a larger sample of subjects and items.

We found vowel duration to be a robust acoustic correlate of devoiced and voiceless stops in syllable-final position: vowels were longer before devoiced
stops than before voiceless stops. By using a different methodology from previous studies, this study contributes to the converging evidence that neutralization
of German final stops is incomplete. Our finding that incomplete neutralization emerges even in a completely auditory task, and when using pseudowords
instead of real words, was replicated in two additional experiments that mitigated the potential for accommodation to an intervocalic input stimulus.

We also conducted a perception experiment, in which we found that although participants were able to distinguish devoiced from voiceless final
stops, their accuracy was barely above chance performance (55%, as opposed to 98–100% intervocalically in the norming studies). Moreover, this
overall above-chance accuracy was largely driven by greater accuracy in correctly identifying voiceless stops; participants were at chance when
identifying devoiced stops. This speaks to limitations with respect to the perception of incomplete neutralization, indicating that, at least within a forced
choice paradigm, pre-stop vowel length is not a robust cue to voicing category in final position. Thus, while the present experiments provide robust
evidence for incomplete neutralization in production, it remains unclear whether listeners actually use these small differences in perception.

The acceptance of any phenomenon should never be based on a single study, and several studies, such as Fourakis and Iverson (1984), have
been overemphasized relative to the totality of incomplete neutralization studies (see Winter and Roettger, 2011, for discussion). Only by accumulating
converging evidence from different methodologies can we be more certain about whether neutralization is complete or not. To date, studies finding
evidence of incomplete neutralization (both for German and for other languages) outnumber those finding counter-evidence, suggesting that
statements like those of Wiese (1996: 205) that “[t]hese results are rather tentative […] given that the recognition of non-neutralized devoicing was
found in a minority of cases only” can safely be said to have been superseded. Positive results for incomplete neutralization characterize the majority
of studies on this topic and several of the methodological concerns raised in earlier work have now been successfully addressed.

Since the body of evidence is in favor of incomplete neutralization, we now turn to how it can be accounted for. Accepting that neutralization was incomplete
was previously thought to entail changes in phonological theory; early work assumed that the obtained differences had to be explained in terms of differences in
abstract representations or different ordering of implementation rules (e.g., Brockhaus, 1995; Charles-Luce, 1985; Piroth & Janker, 2004; Port & O'Dell, 1985).
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Fig. 4. Results of Experiment 4. d′ sensitivity values arranged according to size for subjects (upper left plot), speaker-voices (upper right plot) and items (lower plot) with standard errors.
Dashed lines indicate chance performance. There was no subject that scored below chance (n¼16). There were only 5 items that scored below chance (n¼24). And there were only
3 voices that scored below chance (n¼16).

9 It might be argued that the very low accuracy scores may also be due to the dialectal background of the subjects. Even though subjects reported speaking standard German, they
came from the Central Franconian and Saxon dialect area. Dialects or regional varieties are still spoken in both areas, and most subjects are likely to have been exposed to them. For
example in Saxon dialects, the Central German lenition rule operates, i.e., the voiced/voiceless contrast is neutralized (through fortis stop lenition) in all positions including intervocalically.
As a result, the performance of Saxon listeners in perceiving the voicing contrast in intervocalic stops is generally lower (John, 2004). This interpretation, however, stands in contrast to the
very high accuracy scores in intervocalic position we found in the norming studies of Experiments 1–3.
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Given the subtle and perhaps barely detectable nature of incomplete neutralization, it is reasonable to question whether it is really necessary to capture such a
small effect in terms of reflexes of abstract linguistic entities. However, there are alternative approaches of incomplete neutralization, to which we now turn.

Lexical representations are now commonly assumed to contain considerably fine-grained and redundant types of information, including phonetic
detail of completely inflected forms (Alegre & Gordon, 1999; Baayen et al., 1997; Brown & McNeill, 1966; Bybee, 1994, 1995; Butterworth, 1983;
Goldinger, 1996, 1997; Manelis & Tharp, 1977; Palmeri et al., 1993; Pisoni, 1997; Sereno & Jongman, 1997). Ernestus and Baayen (2006) propose
the possibility of incomplete neutralization effects being due to the co-activation of paradigmatically related forms, i.e., when speakers pronounce Rad,
they also activate the non-neutralized Räder. This co-activation of the related voiced forms could influence the speech production mechanism in subtle
ways, leading to incomplete neutralization.

This hypothesis is based on the concept of spreading activation (e.g., see references in Collins & Loftus, 1975). With respect to morphological
relations, there is evidence for the automatic activation of morphological “neighbors” in perception, whereby words with more or more frequent
neighbors may be recognized more quickly and/or more accurately than those with fewer or less frequent neighbors (e.g., Andrews, 1989; Sears, Hino
& Lupker, 1995). One might object that most previous evidence for activation of lexical neighbors comes from perception studies. However, recent
studies have also demonstrated the effects of lexical neighbors on speech production. Baese-Berk and Goldrick (2009), for instance, showed how
production of VOT is modulated on-line depending on whether or not a word is presented in context with its minimal pair neighbor, while Munson
(2007) found greater vowel-space expansion for words with larger numbers of neighbors (see also Wright, 2004).

The co-activation account has two advantages over traditional accounts of incomplete neutralization. First, from a functionalist perspective, an
account that treats incomplete neutralization as an artifact of lexical representations is more attractive than an account based on phonetic or
phonological rules and/or representations that are extracted from auditory information. Under the co-activation account, speakers would not need to
extract any subtle contrast from the signal (e.g. incomplete neutralization effects in Rad vs. Rat) so long as they can perceive the contrast between the
corresponding paradigmatic neighbors (e.g. Räder vs. Räte). The presence of the contrast somewhere in the paradigm leads automatically to
the prediction of incomplete neutralization. Thus the acoustic cues found in the neutralized position have no functional utility and are not reliably used
in regular communication to differentiate between minimal pairs. This interpretation is in line with the low accuracy scores in perception experiments.

Second, the co-activation account makes testable predictions for future experiments. For one thing, it predicts recency effects: if the response is delivered
immediately following the stimulus, the effect should be stronger than after a longer time interval. This is because spreading activation generally recedes over a
relatively short time span. Furthermore, there should be frequency effects: words that have very frequent neighbors with voiced stops in intervocalic position
should exhibit stronger incomplete neutralization effects than words with very infrequent neighbors (see e.g., Bybee, 2001, for the role of frequency in analogy).
Moreover, it predicts incomplete neutralization effects to be dependent on lexical density. This means that a word with many voiceless lexical neighbors should
surface with no (or at least weaker) incomplete neutralization effects compared to a word with many voiced lexical neighbors. Recall that in German, voiced and
voiceless stops following tense/long vowels are unequally distributed depending on the place of articulation: tense/long vowels tend to precede voiced bilabial
and velar stops (e.g., /liːbə/ ‘love’, /fliː ɡə/ ‘fly’), while lax/short vowels are very rare in this environment (e.g., /ɛbə/ ‘tide’). Given the co-activation hypothesis,
forms with many lexical neighbors containing a voiced stop should show stronger incomplete neutralization effects. In line with that, we would expect that
pseudoword pairs ending in alveolar stops (e.g., Frade/Frad) co-activate more lexical neighbors with voiced stops than pseudoword pairs ending in bilabial or
velar stops (e.g., Gobe/Gob, Schuge/Schug). This predicts that in German the degree of incomplete neutralization may be modulated by place of articulation.
This hypothesis, however, could not be confirmed; in none of our models did we find a statistically significant effect of place of articulation or even a numerical
trend in the predicted direction.

However, we would like to point out once again that the experimental task employed in this and similar studies is subject to pragmatic limitations due to
small effect sizes and considerable degrees of variation. Showing a statistically significant effect of incomplete neutralization is already difficult, and finding
significant differences in effect sizes due to factors such as frequency asymmetries in the mental lexicon is more challenging still. This points to the practical
limits of investigating incomplete neutralization, and of using incomplete neutralization as a test bed for investigating the cognitive architecture of the lexicon: in
the absence of viable strategies of strengthening the effect, research on incomplete neutralization will always have to cope with high Type II error rates.

Table A1
Critical stimuli of E1.

[+voice] [−voice] Place Δ devoiced – voiceless in ms

Blode [bloːdə] Blote [bloːtʰə] Alveolar 7.1
Drude [dʁuːbə] Drute [dʁuːtʰə] Alveolar 15.2
Flabe [flaːbə] Flape [flaːpʰə] Bilabial −7.2
Frade [fʁaːdə] Frate [fʁaːtʰə] Alveolar 7.8
Froge [fʁoːɡə] Froke [fʁoːkʰə] Velar 20.8
Frube [fʁuːbə] Frupe [fʁuːpʰə] Bilabial 4.3
Gage [ɡaːɡə] Gake [ɡaːkʰə] Velar 3.7
Gaude [gaʊ̯də] Gaute [ɡaʊ̯tʰə] Alveolar 9.2
Gobe [ɡoːbə] Gope [ɡoːpʰə] Bilabial 4.6
Griede [ɡʁiːdə] Griete [ɡʁiːtʰə] Alveolar 7.3
Jiede [jiːdə] Jiete [jiːtʰə] Alveolar 29.9
Klabe [klaːbə] Klape [klaːpʰə] Bilabial 6.4
Mube [muːbə] Mupe [muːpʰə] Bilabial 13.1
Nauge [naʊ̯ɡə] Nauke [naʊ̯kʰə] Velar 8.1
Priege [pʁiːɡə] Prieke [pʁiːkʰə] Velar 8.4
Pruge [pʁuːɡə] Pruke [pʁuːkʰə] Velar 21.0
Quade [kvaːdə] Quate [kvaːtʰə] Alveolar −0.7
Quobe [kwoːbə] Quope [kwoːpʰə] Bilabial 8.4
Roge [ʁoːɡə] Roke [ʁoːkʰə] Velar 18.5
Schmaube [ʃmaʊ̯bə] Schmaupe [ʃmaʊ̯pʰə] Bilabial 2.4
Schriege [ʃʁiːɡə] Schrieke [ʃʁiːkʰə] Velar 7.3
Schuge [ʃuːɡə] Schuke [ʃuːkʰə] Velar 16.3
Stauge [ʃtaʊ̯ɡə] Stauke [ʃtaʊ̯kʰə] Velar 5.5
Wiebe [viːbə] Wiepe [viːpʰə] Bilabial 1.2
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8. Conclusion

The primary goal of this paper was to assess whether or not neutralization in German final stop voicing is indeed incomplete. We demonstrated the
robustness of an effect on production in three production experiments, ruling out a number of claims that the incompleteness is a purely methodological artifact,
and arguing that even if non-functional, the robustness of incomplete neutralization warrants explanation. We would like to emphasize that our results are
crucially independent of whatever mechanism actually explains incomplete neutralization. Phonologists have been justifiably skeptical of the previous evidence
arguing for incomplete neutralization, but as we have reviewed above, incomplete neutralization does not necessarily have to be explained in terms of
representational differences; more parsimonious accounts are suggested by existing experimental work on lexical co-activation. Such accounts seem to us to
be fruitful avenues for further investigations (cf., discussion in Winter & Roettger, 2011). Manaster-Ramer (1996: 487) used the incomplete neutralization debate
as a call for an increased collaboration between phonologists and phoneticians. In Manaster-Ramer's words (Manaster-Ramer, 1996: 487), “Phonologists
cannot afford to be neutral” with respect to incomplete neutralization. We have shown that the phenomenon can be seen in a different light if psycholinguistic
and cognitive evidence is taken into account. We would like to extend Manaster-Ramer's call in the hopes that we may gain new perspectives on old problems
by engaging with work from related disciplines.
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Table B1
Critical stimuli of E2 and E3 (in bold).

[+voice] [-voice] Place E2 Δ devoiced−voiceless in ms E3 Δ devoiced−voiceless in ms

Bauge [baʊɡ̯ə] Bauke [baʊk̯ʰə] Velar 4.0 NA
Bege [beːɡə] Beke [beːkʰə] Velar 11.2
Blebe [bleːbə] Blepe [bleːpʰə] Bilabial −0.4 4.5
Bloge [bloːdə] Bloke [bloːtʰə] Velar 4.8 5.6
Dage [daːɡə] Dake [daːkʰə] Velar −0.5
Dabe [daːbə] Dape [daːpʰə] Bilabial 17.3
Diege [diːɡə] Dieke [diːkʰə] Velar 4.2
Dobe [doːbə] Dope [doːpʰə] Bilabial 4.2 −0.7
Drube [dʁuːbə] Drupe [dʁuːpʰə] Bilabial 8.9 5.0
Duge [duːɡə] Duke [duːkʰə] Velar 5.5
Fage [faːɡə] Fake [faːkʰə] Velar 9.8 4.0
Faube [faʊ̯bə] Faupe [faʊ̯pʰə] Bilabial 0.5
Flabe [flaːbə] Flape [flaːpʰə] Bilabial −0.2
Flebe [fleːbə] Flepe [fleːpʰə] Bilabial −0.2 2.0
Frebe [fʁeːbə] Frepe [fʁeːpʰə] Bilabial 4.7
Froge [fʁoːɡə] Froke [fʁoːkʰə] Velar 8.9 3.4
Frobe [fʁoːbə] Frobe [fʁoːpʰə] Bilabial −0.5
Frube [fʁuːbə] Frupe [fʁuːpʰə] Bilabial 6.0
Gage [ɡaːɡə] Gake [ɡaːkʰə] Velar 0.5
Gaube [ɡaʊb̯ə] Gaupe [ɡaʊp̯ʰə] Bilabial 9.4 6.4
Gauge [ɡaʊ̯ɡə] Gauke [ɡaʊ̯kʰə] Velar 1.8
Glege [ɡleːgə] Gleke [ɡleːkʰə] Velar 7.2 2.2
Gliebe [ɡliːbə] Gliepe [ɡliːpʰə] Bilabial 4.8 −0.3
Gobe [ɡoːbə] Gope [ɡoːpʰə] Bilabial 8.3
Griebe [ɡʁiːbə] Griepe [ɡʁiːpʰə] Bilabial 8.4
Hege [heːɡə] Heke [heːkʰə] Velar 4.6
Klabe [klaːbə] Klape [klaːpʰə] Bilabial 4.8 −0.4
Krobe [kʁoːbə] Krope [kʁoːpʰə] Bilabial 4.7 3.8
Miebe [miːbə] Miepe [miːpʰə] Bilabial 4.6 5.6
Naube [naʊ̯bə] Naupe [naʊ̯pʰə] Bilabial 5.8
Nauge [naʊɡ̯ə] Nauke [naʊk̯ʰə] Velar 2.8 −0.1
Nuge [nʊːɡə] Nuke [nʊːkʰə] Velar 1.8
Priege [pʁiːɡə] Prieke [pʁiːkʰə] Velar 1.2
Pruge [pʁuːɡə] Pruke [pʁuːkʰə] Velar 2.0 11.2
Roge [ʁoːɡə] Roke [ʁoːkʰə] Velar 1.1
Schlabe [ʃlaːbə] Schlape [ʃlaːpʰə] Bilabial −0.7 2.5
Schmaube [ʃmaʊbə] Schmaupe [ʃmaʊp̯ʰə] Bilabial 8.8 −0.2
Schriege [ʃʁiːɡə] Schrieke [ʃʁiːkʰə] Velar 7.6 2.8
Schuge [ʃuːɡə] Schuke [ʃuːkʰə] Velar 7.9 2.0
Spage [ʃpaːɡə] Spake [ʃpaːkʰə] Velar 5.0 −0.0
Stauge [ʃtaʊ̯ɡə] Stauke [ʃtaʊ̯kʰə] Velar 9.7
Strege [ʃtʁeːɡə] Streke [ʃtʁeːkʰə] Velar 4.7 4.4
Sube [zʊːbə] Supe [zʊːpʰə] Bilabial 0.2 2.3
Triege [tʁiːɡə] Trieke [tʁiːkʰə] Velar 5.3 0.7
Wiebe [viːbə] Wiepe [viːpʰə] Bilabial 7.4
Wube [vuːbə] Wupe [vuːpʰə] Bilabial 4.1
Wuge [vuːɡə] Wuke [vuːkʰə] Velar 0.8
Zebe [tseːbə] Zepe [tseːpʰə] Bilabial 5.8
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Appendix A

See Table A1.

Appendix B

See Table B1.
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The results of published research critically depend on methodological decisions that have been 
made during data analysis. These so-called ‘researcher degrees of freedom’ (Simmons, Nelson, 
& Simonsohn, 2011) can affect the results and the conclusions researchers draw from it. It is 
argued that phonetic research faces a large number of researcher degrees of freedom due to its 
scientific object—speech—being inherently multidimensional and exhibiting complex interactions 
between multiple covariates. A Type-I error simulation is presented that demonstrates the 
severe inflation of false positives when exploring researcher degrees of freedom. It is argued 
that combined with common cognitive fallacies, exploitation of researcher degrees of freedom 
introduces strong bias and poses a serious challenge to quantitative phonetics as an empirical 
science. This paper discusses potential remedies for this problem including adjusting the 
threshold for significance; drawing a clear line between confirmatory and exploratory analyses 
via preregistration; open, honest, and transparent practices in communicating data analytical 
decisions; and direct replications.

Keywords: false positive; methodology; preregistration; replication; reproducibility; speech 
 production; statistical analysis

1. Introduction
Data analysis—that is, the path we chose from the raw data to the results section of a 
paper—is a complex process. We can look at data from different angles and each way to 
look at them may lead to different methodological and analytical choices. These potential 
choices are collectively referred to as researcher degrees of freedom (Simmons et al., 
2011). Said choices, however, are often not specified in advance but are made in an ad 
hoc fashion, after having explored several aspects of the data and analytical choices. In 
other words, they are data-contingent rather than motivated on independent, subject-
matter grounds. As is argued below, exploiting researcher degrees of freedom is often not 
an intentional process. However, it needs to be addressed because exploiting researcher 
degrees of freedom, intentionally or not, increases the chances of finding a false positive, 
i.e., finding a pattern that is incorrectly interpreted as rejecting the null hypothesis. This 
problem is shared by all quantitative scientific fields (Gelman & Loken, 2014; Simmons 
et al., 2011; Wicherts et al., 2016), but has not been extensively discussed for the specific 
characteristics of phonetic data analyses.

In this paper, I will argue that analyses in quantitative phonetics face a high number of 
researcher degrees of freedom due to the inherent multidimensionality of speech behavior, 
which is the outcome of a complex interaction between different functional layers. This 
article will discuss relevant researcher degrees of freedom in quantitative phonetic 
research, reasons as to why exploiting researcher degrees of freedom is potentially harmful 
for phonetics as a cumulative empirical endeavor, and possible remedies to these issues.

The remainder of this paper is organized as follows: In Section 2, I will review the 
concept of researcher degrees of freedom and how they can lead to misinterpretations 

https://doi.org/10.5334/labphon.147
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in combination with certain cognitive biases. In Section 3, I will argue that researcher 
degrees of freedom are particularly prevalent in quantitative phonetics, focusing on 
the analysis of speech production data. In Section 4, I will present a simple simulation, 
demonstrating that chance processes lead to a large inflation of false positives when 
we exploit common researcher degrees of freedom. In Section 5, I will discuss possible 
ways to reduce the probability of false positives due to researcher degrees of freedom, 
discussing adjustments of the alpha level (Section 5.1), stressing the importance of a 
more rigorous distinction between confirmatory and exploratory analyses (Section 5.2), 
preregistrations and registered reports (Section 5.3), transparent reporting (Section 5.4), 
and direct replications (Section 5.5).

2. Researcher degrees of freedom
Every data analysis is characterized by a multitude of decisions that can affect its outcome 
and, in turn, the conclusions we draw from it (Gelman & Loken, 2014; Simmons et al., 
2011; Wicherts et al., 2016). Among the decisions that need to be made during the process 
of learning from data are the following: What do we measure? What predictors and what 
mediators do we include? What type of statistical models do we use?

There are many choices to make and most of them can have an influence on the results 
that are obtained. Often these decisions are not made prior to data collection: Instead, 
we often explore the data and possible analytical choices to eventually settle on one 
‘reasonable’ analysis plan which, ideally, yields a statistically convincing result. This 
paper argues that our statistical results are strongly affected by the number of hidden 
analyses performed.

In most scientific papers, statistical inference is drawn by means of null hypothesis-
significance-testing (NHST, Gigerenzer, Krauss, & Vitouch, 2004; Lindquist, 1940). 
Because NHST is by a large margin the most common inferential framework used in 
quantitative phonetics, the present discussion is conceived with NHST in mind. Traditional 
NHST performs inference by assuming that the null hypothesis is true in the population of 
interest. For concreteness, assume we are conducting research on an isolated undocumented 
language and investigating the phonetic instantiation of phonological contrasts. We 
suspect the language has word stress, i.e., certain syllables are phonologically ‘stronger’ 
than other syllables within a word. We are interested in how word stress is phonetically 
manifested and pose the following hypothesis:

(1) There is a phonetic difference between stressed and unstressed syllables.

In NHST, we compute the probability of observing a result at least as extreme as a test 
statistic (e.g., t-value), assuming that the null hypothesis is true (the p-value). In our 
concrete example, the p-value tells us the probability of observing our data or more 
extreme data, if there was no difference between stressed and unstressed syllables (null 
hypothesis). Receiving a p-value below a certain threshold (commonly 0.05) is then 
interpreted as evidence to claim that the probability of the data, if the null hypothesis 
was in fact true (no difference between stressed and unstressed syllables), is sufficiently 
low. This is henceforth considered a positive result.

One common error within this framework that can occur is a false positive, i.e., 
incorrectly rejecting a null hypothesis (Type I error).1 When undetected, false positives 

 1 There are other errors that can happen and that are important to discuss. Most closely related to the present 
discussion are Type II errors (i.e., false negatives, Thomas et al., 1985), Type M(agnitude), and Type S(ign) 
errors (Gelman & Carlin, 2014). Within quantitative linguistics, these errors have recently been discussed 
by, for example, Kirby and Sonderegger (2018),  Nicenboim,  Roettger, and Vasishth (2018a), Nicenboim and 
Vasishth (2016), and Vasishth and Nicenboim (2016).
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can have far reaching consequences, often leading to theoretical claims that may misguide 
future research (Smaldino & McElreath, 2016). These errors can be persistent through 
time because our publication system neither incentivizes publishing null results nor direct 
replication attempts, biasing the scientific record toward novel positive findings. As a 
result, there may be a large number of null results in the ‘file drawer’ that will never see 
the light of day (e.g., Sterling, 1959).

Within the NHST framework, any difference between conditions that yields a p-value 
below 0.05 is, in practice, considered sufficient to reject the null hypothesis and to claim 
that there is a difference. However, these tests have a natural false positive rate, i.e., given 
a p-value of 0.05, there is a 5% probability that our data accidentally suggest that the null 
hypothesis can be refuted.

Coming back to our hypothetical example, if, for example, we decide to measure only 
a single phonetic parameter (e.g., vowel duration) to test the hypothesis in (1), 5% 
would be the base rate of false positives, given a p-value of 0.05 (and assuming that 
the null hypothesis is true). However, this situation changes if we measure more than 
one parameter. For example, we could test, say, vowel duration, average intensity, and 
average f0 (all common phonetic correlates of word stress, e.g., Gordon & Roettger, 2017), 
amounting to three null hypothesis significance tests. One of these analyses may yield 
a p-value of 0.05 or lower. We might proceed to write a paper based on this significant 
finding in which we argue that stressed and unstressed syllables are phonetically different 
in the language under investigation.

This procedure increases the chances of finding a false positive. If n independent 
comparisons are performed, the false positive rate would be 1−(1−0.05)n instead of 
0.05. Three tests, for example, will produce a false positive rate of approximately 14% 
(i.e., 1−0.95 * 0.95 * 0.95 = 1−0.857 = 0.143). Why is that? Assuming we could get 
a significant result with a p-value of 0.05 by chance in 5% of cases, the more often we 
look at random samples, the more often we will accidentally find a significant result (e.g., 
Tukey, 1953).

This reasoning can be applied to all researcher degrees of freedom. With every analytical 
decision, with every forking path in the analytical labyrinth, with every researcher degree 
of freedom, we increase the likelihood of finding significant results due to chance. In 
other words, the more we look, explore, and dredge the data, the greater the likelihood of 
finding a significant result. Exploiting researcher degrees of freedom until significance is 
reached has been called out as harmful practices for scientific progress (John, Loewenstein, 
& Prelec, 2012). Two often discussed instances of such harmful practices are HARKing 
(Hypothesizing After Results are Known, e.g., Kerr, 1998) and p-hacking (e.g., Simmons 
et al., 2011). HARKing refers to the practice of presenting relationships that have been 
obtained after data collection as if they were hypothesized in advance. P-hacking refers 
to the practice of hunting for significant results in order to ultimately report these results 
as if confirming the planned analysis. While such exploitations of researcher degrees of 
freedom are certainly harmful to the scientific record, there are good reasons to believe 
that they are, more often than not, unintentional.

People are prone to cognitive biases. Our cognitive system craves coherency and we are 
prone to seeing patterns in randomness (apophenia, Brugger, 2001); we weigh evidence in 
favor of our preconceptions more strongly than evidence that challenges our established 
views (confirmation bias, Nickerson, 1998); we perceive events as being plausible and 
predictable after they have occurred (hindsight bias, Fischhoff, 1975).2 Scientists are no 
exception. For example, Bakker and Wicherts (2011) analyzed statistical errors in over 

 2 See Greenland (2017) for a discussion of cognitive biases that are more specific to statistical analyses.
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250 psychology papers. They found that more than 90% of the mistakes were in favor 
of the researchers’ expectations, making a non-significant finding significant. Fugelsang, 
Stein, Green, and Dunbar (2004) investigated how scientists evaluate data that are either 
consistent or inconsistent with prior expectations. They showed that when researchers 
are faced with results that disconfirm their expectations, they are likely to blame the 
methodology while results that confirmed their expectations were rarely critically 
evaluated.

We work in a system that incentivizes positive results more than negative results 
(John et al., 2012), so we have the natural desire to find a positive result in order to 
publish our findings. A large body of research suggests that when we are faced with 
multiple decisions, we may end up convincing ourselves that the decision with the most 
rewarding outcome is the most justified one (e.g., Dawson, Gilovich, & Regan 2002; 
Hastorf & Cantril, 1954). In light of the dynamic interplay of cognitive biases and our 
current incentive structure in academia, having many analytical choices may lead us to 
unintentionally exploit these choices during data analysis. This can inflate the number 
of false positives.

3. The garden of forking paths in quantitative phonetics
Quantitative phonetics is no exception to the issues discussed above, and may in fact 
be particularly at risk because its very scientific object offers a considerable number of 
perspectives and decisions along the data analysis path. The next section will discuss 
researcher degrees of freedom in phonetics, and will, for exposition purposes, focus 
on speech production research. It turns out that the type of data we are collecting, 
i.e., acoustic or articulatory data, opens up many different forking paths (for a more 
discipline-neutral assessment of researcher degrees of freedom, see Wicherts et al., 2016). 
I discuss the following four sets of decisions (see Figures 1 and 2): choosing phonetic 
parameters (Section 3.1), operationalizing chosen parameters (Section 3.2), discarding 
data (Section 3.3), and choosing additional independent variables (Section 3.4). These 
distinctions are made for convenience and I acknowledge that there are no clear 
boundaries between these four sets. They highly overlap and inform each other to 
different degrees.

3.1. Choosing phonetic parameters
When conducting a study on speech production, the first important analytical decision 
to test a hypothesis is the question of operationalization, i.e., how to measure the 
phenomenon of interest. For example, how do we measure whether two sounds are 
phonetically identical, whether one syllable in the word is more prominent than others, or 
whether two discourse functions are produced with different prosodic patterns? In other 
words, how do we quantitatively capture relevant features of speech?

Speech categories are inherently multidimensional and vary through time. The acoustic 
parameters for one category are usually asynchronous, i.e., appear at different points 
of time in the unfolding signal and overlap with parameters for other categories (e.g., 
Jongman, Wayland, & Wong, 2000; Lisker, 1986; Summerfield, 1981; Winter, 2014). For 
example, the distinction between voiced and voiceless stops in English can be manifested 
by many different acoustic parameters such as voice onset time (e.g., Lisker & Abramson, 
1963), formant transitions (e.g., Benkí, 2001), pitch in the following vowel (e.g., Haggard 
et al., 1970), the duration of the preceding vowel (e.g., Raphael, 1972), the duration of 
the closure (e.g., Lisker, 1957), as well as spectral differences within the stop release 
(e.g., Repp, 1979). Even temporally dislocated acoustic parameters correlate with voicing. 
For example, in the words led versus let, voicing correlates can be found in the acoustic 
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manifestation of the initial /l/ of the word (Hawkins & Nguyen, 2004). These acoustic 
aspects correlate with their own set of articulatory configurations, determined by a 
complex interplay of different supralaryngeal and laryngeal gestures, coordinated with 
each other in intricate ways.

Figure 1: Schematic depiction of decision procedures during data analysis that can lead to an 
increased false positive rate. Along the first analysis pipeline (blue), decisions are made as to 
what phonetic parameters are measured (Section 3.1), how they are operationalized (Section 3.2), 
what data are kept and what data are discarded (Section 3.3), and what additional independent 
variables are measured (Section 3.4). The results are statistically analyzed (which comes with 
its own set of researcher degrees of freedom, see Wicherts et al., 2016) and interpreted. If 
the results are as expected and/or desired, the study will be published. If not, cognitive 
biases facilitate reassessments of earlier analytical choices (red arrow) (or a reformulation of 
hypotheses, i.e., HARKing), increasing the false positive rate.
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The multiplicity of phonetic cues grows exponentially if we look at larger temporal 
windows as is the case for suprasegmental aspects of speech. Studies investigating 
acoustic correlates of word stress, for example, have been using many different 
measurements including temporal characteristics (duration of certain segments or 
subphonemic intervals), spectral characteristics (intensity measures, formants, and 
spectral tilt), and measurements related to fundamental frequency (f0) (Gordon & 
Roettger, 2017).

Looking at even larger domains, the prosodic expression of pragmatic functions can be 
expressed by a variety of structurally different acoustic cues which can be distributed 
throughout the whole utterance. Discourse functions are systematically expressed by 
multiple tonal events differing in their position, shape, and alignment (e.g., Niebuhr, 
D’Imperio, Gili Fivela, & Cangemi, 2011). They can also be expressed by global or local 
pitch scaling, as well as acoustic information within the temporal or spectral domain (e.g., 
Cangemi, 2015; Ritter & Roettger, 2014; van Heuven & van Zanten, 2005).3 All of these 
phonetic parameters are potential manifestations of a communicative function of interest 
and therefore researcher degrees of freedom.

If we ask questions such as “is a stressed syllable phonetically different from an 
unstressed syllable?”, any single measure has the potential to reject the corresponding 
null hypothesis (there is no difference). But which measurement should we pick? There 
are often many potential phonetic correlates for the relevant phonetic difference under 
scrutiny. Looking at more than one measurement seems to be reasonable. However, 
looking at many phonetic measurements to test a single global hypothesis increases the 
probability of finding a false positive. If we were to test 20 measurements of the speech 
signal repeatedly, on average one of these tests will, by mere chance, result in a spurious 
significant result (at a 0.05 alpha level). We obviously have justified preconceptions about 
which phonetic parameters may be good candidates for certain functional categories, 
informed by a long list of references. However, while these preconceptions can certainly 
help us make theoretically-informed decisions, they may also bear the risk for ad hoc 
justifications of analytical choices that happen after having explored researcher degrees 
of freedom.

One may further object that phonetic parameters are not independent of each other, i.e., 
many measurements covary systematically. Such covariation between multiple acoustic 
parameters can, for instance, result from the same underlying articulatory configurations. 
For example, VOT and onset f0, the fundamental frequency at the onset of the vowel 
following the stop, are systematically covarying across languages, which has been argued 
to be a biomechanical consequence of articulatory and/or aerodynamic configurations 
(Hombert, Ohala, & Ewan, 1979). Löfqvist, Baer, McGarr, and Story (1989) showed that 
when producing voiceless consonants, speakers exhibit higher levels of activity in the 
cricothyroid muscle and in turn greater vocal fold tension. Greater vocal fold tension is 
associated with higher rates of vocal fold vibration leading to increased f0. Since VOT 
and onset f0 are presumably originating from the same articulatory configuration, one 
could argue that we do not have to correct for multiple testing when measuring these two 
acoustic parameters. However, as will be shown in Section 4, correlated measures lead to 

 3 Speech is not an isolated channel of communication; it cooccurs in rich interactional contexts. Beyond 
acoustic and articulatory parameters, spoken communication is accompanied by non-verbal modali-
ties such as body posture, eye gaze direction, head movement, and facial expressions, all of which have 
been shown to contribute to comprehension and may thus be considered relevant parameters to meas-
ure (Cummins, 2012; Latif, Barbosa, Vatiokiotis-Bateson, Castelhano, & Munhall, 2014; Prieto, Puglesi, 
 Borràs-Comes, Arroyo, & Blat, 2015; Rochet-Capellan, Laboissière, Galván, & Schwartz, 2008; Yehia, 
Rubin, & Vatiokiotis-Bateson, 1998).
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false positive inflation rates that are nearly as high as in independent multiple tests (see 
also von der Malsburg & Angele, 2017).

3.2. Operationalizing chosen parameters
The garden of forking paths is not restricted to choosing phonetic parameters. There are 
many different ways to operationalize the dimensions of speech that we have chosen. For 
example, when we want to extract specific acoustic parameters of a particular interval 
of the speech signal, we need to operationalize how to decide on a given interval. We 
usually have objective annotation procedures and clear guidelines that we agree on 
prior to the annotation process, but these decisions have to be considered researcher 
degrees of freedom and can potentially be revised after having seen the results of the 
statistical analysis.

Irrespective of the actual annotation, we can look at different acoustic domains. For 
example, a particular acoustic parameter such as duration or pitch can be operationalized 
differently with respect to its domain and the way it is assessed: In their survey of 
over a hundred acoustic studies on word stress correlates, Gordon and Roettger (2017) 
encountered dozens of different approaches how to quantitatively operationalize f0, 
intensity and spectral tilt as correlates of word stress. Some studies took the whole 
syllable as a domain, others targeted the mora, the rhyme, the coda, or individual 
segments. Specific measurements for f0 and intensity included the mean, the minimum, 
the maximum, or even the standard deviation over a certain domain. Alternative measures 
included the value at the midpoint of the domain, at the onset and offset of the domain, or 
the slope between onset and offset. The measurement of spectral tilt was also variegated. 
Some studies measured relative intensity of different frequency bands where the choice of 
frequency bands varied considerably across studies. Yet other studies measured relative 
intensity of the first two harmonics.

Another example of variable operationalizations can be found in time-series data such as 
pitch curves, formant trajectories, or articulatory movements. These time-series data have 
been analyzed as sequences of static landmarks (‘magic moments,’ Vatikiotis-Bateson, 
Barbosa, & Best, 2014), with large differences across studies regarding the identity and 
the operationalization of these landmarks. For example, articulatory studies looking at 
intragestural coordination commonly measure gestural onsets, displacement metrics, 
peak velocity, the onset and offset of gestural plateaus, or stiffness (i.e., relating peak 
velocity to displacement). Alternatively, time-series data can be analyzed holistically as 
continuous trajectories, differing with regard to the degrees of smoothing applied (e.g., 
Wieling, 2018).

In multidimensional data sets such as acoustic or articulatory data, there may be 
thousands of sensible analysis pathways. Beyond that, there are many different ways 
to process these raw measurements with regard to relevant time windows and spectral 
regions of interest; there are many possibilities of transforming or normalizing the raw 
data or smoothing and interpolating trajectories.

3.3. Discarding data
Setting aside the multidimensional nature of speech and assuming that we actually have 
a priori decided on what phonetic parameters to measure (see Section 3.1) and how to 
measure and process them (see Section 3.2), we are now faced with additional choices. 
Segmenting the acoustic signal may be difficult due to undesired speaker behavior, e.g., 
hesitations, disfluencies, or mispronunciations. There may be issues related to the quality 
of the recording such as background noise, signal interference, technical malfunctions, or 
interruptive external events (something that happens quite frequently during field work).
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Another aspect of the data that may strike us as problematic when we extract phonetic 
information are other linguistic factors that could interfere with our research question. 
Speech consists of multiple information channels including acoustic parameters that 
distinguish words from each other and acoustic parameters that structure prosodic 
constituents into rhythmic units, structure utterances into meaningful units, signal 
discourse relations, or deliver indexical information about the social context. Dependent 
on what we are interested in, the variable use of these information channels may interfere 
with our research question. For example, a speaker may produce utterances that differ in 
their phrase-level prosodic make-up. In controlled production studies, speakers often have 
to produce a very restricted set of sentences. Speakers may for whatever reason (boredom, 
fatigue, etc.) insert prosodic boundaries or alter the information structure of an utterance, 
which, in turn, may drastically affect the phonetic form of other parts of the signal. For 
example, segments of accented words have been shown to be phonetically enhanced, 
making them longer, louder, and more clearly articulated (e.g., Cho & Keating, 2009; 
Harrington, Fletcher, & Beckman, 2000). Related to this point, speakers may use different 
voice qualities, some of which will make the acoustic extraction of certain parameters 
difficult. For example, if we were interested in extracting f0, parts of the signal that are 
produced with a creaky voice may not be suitable; or if we were interested in spectral 
properties of the segments, parts of the signal produced in falsetto may not be suitable.

It is reasonable to ‘clean’ the data and remove data points that we consider as not desirable, 
i.e., productions that diverge from the majority of productions (e.g., unexpected phrasing, 
hesitations, laughter, etc.). These undesired productions may interfere with our research 
hypothesis and may mask the signal, i.e., make it less likely to find systematic patterns. 
We can exclude these data points in a list-wise fashion, i.e., subjects who exhibit a certain 
amount of undesired behavior (set by a certain threshold) may be entirely excluded. 
Alternatively, we can exclude trials on a pair-wise level across levels of a predictor. We 
can also simply exclude problematic tokens on a trial-by-trial basis. All of these choices 
change our final data set and, thus, may affect the overall result of our analysis.

3.4. Choosing independent variables
Often, subsetting the data or exclusion of whole clusters of data can have impactful 
consequences, as we would discard a large amount of our collected data. Instead of 
discarding data due to unexpected covariates, we can add these covariates as independent 
variables to our statistical model. In our example, we could include the factor of 
accentuation as an interaction term into our analysis to see whether the investigated effect 
may interact with accentuation. If we either find a main effect of syllable position on our 
measurements or an interaction with accentuation, we would probably proceed and refute 
the null hypothesis (there is no difference between stressed and unstressed syllables). 
This rationale can be applied to external covariates, too. For example, in prosodic studies, 
researchers commonly add the sex of their speakers to their models, either as a main effect 
or an interaction term, so as to control for the large sex-specific f0 variability. Even though 
this reasoning is justified by independent factors, it represents a set of researcher degrees 
of freedom.

To summarize, the multidimensional nature of speech offers a myriad of different ways 
to look at our data. It allows us to choose dependent variables from a large pool of 
candidates; it allows us to measure the same dependent variable in alternative ways; 
and it allows us to preprocess our data in different ways by for example normalization 
or smoothing algorithms. Moreover, the complex interplay of different levels of speech 
phenomena introduced the possibility to correct or discard data during data annotation 
in a non-blinded fashion; it allows us to measure other variables that can be used as 
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covariates, mediators, or moderators. These variables could also enable further exclusion 
of participants (see Figure 2 for a schematic example).

While there are often good reasons to go down one forking path rather than another, 
the sheer amount of possible ways to analyze speech comes with the danger of exploring 
many of these paths and picking those that yield a statistically significant result. Such 
practices, exactly because they are often unintentional, are problematic because they 
drastically increase the rate of false positives.

It is important to note that these researcher degrees of freedom are not restricted 
to speech production studies. Within more psycholinguistically oriented studies in 
our field, we can for example examine online speech perception by monitoring eye 
movements (e.g., Tanenhaus, Spivey-Knowlton, Eberhard, & Sedivy, 1995) or hand 
movements (Spivey, Grosjean, & Knoblich, 2005). There are many different informative 
relationships between these measured motoric patterns and aspects of the speech signal. 

Figure 2: Schematic example of forking analytical paths as described in Section 3. First, the 
researchers choose from a number of possible phonetic parameters (1), then they choose 
in what temporal domain they measure this parameter and how they operationalize it (2). 
After extracting the data, the researchers must decide how to deal with aspects of speech that 
are orthogonal to what they are primarily interested in (say the difference between stressed 
and unstressed syllables: blue vs. yellow circles, [3]). For example, speakers might produce 
words either with or without a pitch accent (light vs. dark circles). They can discard undesired 
observations (e.g., discard all deaccented target words), discard clusters (e.g., discard all 
contrasting pairs that contain at least one deaccented target word), or keep the entire data 
set. If they decide to keep them, the question arises as whether to include these moderators or 
not and if so whether to include them as a simple predictor or add them to an interaction term 
(4). Note that these analytical decisions are just a subset of all possible researcher degrees of 
freedom at each stage.
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For example, in eye tracking studies we can investigate different aspects of the visual 
field (foveal, parafoveal, peripheral), we can look at the number and time course of 
different fixations of a region (e.g., first, second, third), and the duration of a fixation or 
the sum of fixations before exiting/entering a particular region (see von der Malsburg & 
Angele, 2017, for a discussion).

More generally, the issue of researcher degrees of freedom is relevant for all quantitative 
scientific disciplines (see Wicherts et al., 2016). As of yet, we have not discussed much of 
the analytical flexibility that is specific to statistical modeling: There are choices regarding 
the model type, model architecture, and the model selection procedure, all of which 
come with their own set of researcher degrees of freedom. Having these choices is not 
problematic per se, but unintentionally exploring these choices before a final analytical 
commitment has been made may inflate false positive rates. Depending on the outcome 
and our preconception of what we expect to find, confirmation and hindsight bias may 
lead us to believe there are justified ways to look at the data in one particular way, until 
we reach a satisfying (significant) result. Again, this is a general issue in scientific practices 
and applies to other disciplines, too. However, given the multidimensionality of speech 
as well as the intricate interaction of different levels of speech behavior, the possible 
unintentional exploitation of researcher degrees of freedom is particularly ubiquitous in 
phonetic research. To demonstrate the possible severity of the issue, the following section 
presents a simulation that estimates false positive rates based on analytical decisions that 
speech production studies commonly face.

4. Simulating researcher degrees of freedom exploitation
In this section, a simulation is presented which shows that exploiting researcher degrees 
of freedom increases the probability of false positives, i.e., erroneously rejecting the null 
hypothesis. The simulation was conducted in R (R Core Team, 2016)4 and demonstrates 
the effect of two different sets of researcher degrees of freedom: testing multiple dependent 
variables and adding a binomial covariate to the model (for similar simulations, see e.g., 
Barr, Levy, Scheepers, & Tily, 2013; Winter, 2011, 2015). Additionally, the correlation 
between dependent variables is varied with one set of simulations assuming three entirely 
independent measurements (r = 0), and one set of simulations assuming measurements 
that are highly correlated with each other (r  =  0.5). The script to reproduce these 
simulations is publicly available here (http://osf.io/6nsfk).5

The simulation is based on the following hypothetical experiment: A group of researchers 
analyzes a speech production data set to test the hypothesis that stressed and unstressed 
syllables are phonetically different from each other. They collect data from 64 speakers 
producing words with either stress category and they measure one, two, or three acoustic 
parameters (e.g., vowel duration, intensity, f0). Speakers vary regarding the intonational 
form of their utterances with approximately half of the speakers producing a pitch accent 
on the target word and the other half deaccenting the target word.

As opposed to a real-world scenario, we know the true underlying effect, since we 
draw values from a normal distribution around a mean value that we specify. In the 
present simulation, there is no difference between stressed and unstressed syllables in 
the ‘population,’ i.e., values for stressed and unstressed syllables are drawn from the 
same underlying distribution. However, due to random sampling (i.e., randomly picking a 
subset of values from the entirety of values), there are always going to be small differences 

 4 The script utilizes the MASS package (Venables & Ripley, 2002) and the tidyverse library (Wickham, 2017).
 5 The simulation was inspired by Simmons et al.’s (2011) simulation which is publicly available here: https://

osf.io/a67ft/.

http://osf.io/6nsfk
https://osf.io/a67ft/
https://osf.io/a67ft/
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between stressed and unstressed syllables in any given sample. Whether the word carried 
an accent or not is also randomly assigned to data points. In other words, there is no true 
effect of stress, neither is there an effect of accent on the observed productions.

We simulated 10,000 data sets and tested for the effect of stress on dependent variables 
under different scenarios. In our hypothetical scenarios, the following researcher degrees 
of freedom were explored:

(i) Instead of measuring a single dependent variable to refute the null hypothesis, 
the researchers measured three dependent variables. Measuring multiple aspects 
of the signal is common practice within the phonetic literature. In fact, measuring 
only three dependent variables is probably on the lower end of what research-
ers commonly do. However, phonetic aspects are often correlated, some of them 
potentially being generated by the same biomechanical mechanisms. To account 
for this aspect of speech, these variables were generated as either being entirely 
uncorrelated (r = 0) or being highly correlated with each other (r = 0.5).

(ii) The researchers explored the effect of the accent covariate and tested whether 
inclusion of this variable as a main effect or as an interacting term with stress 
yields a significant effect (or interaction effect). Accent (0,1) was randomly as-
signed to data rows with a probability of 0.5, that is, there is no inherent rela-
tionship with the measured parameters.

These two hypothetical scenarios correspond to researcher degrees of freedoms, discussed 
in Section 3.1 and Section 3.4 (see Figures 1 and 2). Based on these scenarios, the 
researchers ran simple linear models on respective dependent variables with stress 
as a predictor (and accent as well as their interaction in scenario ii). The simulation 
counts the number of times the researchers would obtain at least one significant result 
(p-value < 0.05) exploring the garden of forking paths described above.

The simulation (as well as the scenario it is based on) is admittedly a simplification 
of real-world scenarios and might therefore not be representative. As discussed above, 
the number of researcher degrees of freedom are manifold in phonetic investigations, 
therefore any simulation has to be a simplification of the real state of affairs. For example, 
the simulation is based on a regression model for a between-subject design, therefore not 
taking within-subject variation into account. It is thus important to note that the ‘true’ 
false positive rates in any given experimental scenario are not expected to be precisely 
as reported, or that the relative effects of the various researcher degrees of freedom are 
similar to those found in the simulation. Despite these necessary simplifications, the 
generated numbers can be considered informative and are intended to illustrate the 
underlying principles of how exploiting researcher degrees of freedom can impact the 
false positive rate.

We should expect about 5% significant results for an alpha level of 0.05 (the commonly 
accepted threshold in NHST). Knowing that there is no stress difference in our simulated 
population, any significant result is by definition a false positive. Given the proposed 
alpha level, we expect that—on average—1 out of 20 studies will show a false positive. 
Figure 3 illustrates the results based on 10,000 simulations.

The baseline scenario (only one measurement, no covariate added) provides the expected 
base rate of false positives (5%, see row 1 in Figure 3). Departing from this baseline, 
the false positive rate increases substantially (rows 2–6). Looking at the results for the 
uncorrelated measurements first (light/red bars), results of the simulation indicate that as 
the researchers measure three dependent variables (rows 2–3), e.g., three possible acoustic 
exponents, they obtain a significant effect in 14.6% of all cases. In other words, by testing 
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three different measurements, the false positive rate increases by a factor of almost 3. 
When researchers explore the possibility of the effect under scrutiny covarying with a 
random binomial covariate, they obtain a significant effect in 11.9% of cases, increasing 
the false positive rate by a factor of 2.3. These numbers may strike one as rather low but 
they are based on only a small number of researcher degrees of freedom. In real-world 
scenarios, some of these choices are not entirely random but potentially informed by the 
researcher’s preconceptions and expectations, potentially clouded by cognitive biases.

Moreover, often we unintentionally exploit multiple different researcher degrees of 
freedom at the same time. If the researchers combine measuring three different acoustic 
exponents and run additional analyses for the added covariate, the false error rate increases 
to 31.5%, i.e., the false positive rate is more than six times larger than our agreed rate 
of 5%.

One might argue that the acoustic measurements we take are highly correlated, making 
the choice between them not as impactful since they ‘measure the same thing.’ To explore 
the impact of correlated measurements, the same simulations were run with highly 
correlated measurements (r = 0.5, see dark/blue bars in Figure 3). Although the false 
positive rate is slightly lower than for the uncorrelated measures, we still obtain a large 
number of false positives. If the researchers measure three different acoustic exponents 
and run additional analyses for the added covariate, the false error rate is 28%. Thus, 
despite the measurements being highly correlated, the false error rate is still very high 
(see also von der Malsburg & Angele, 2017 for a discussion of eye-tracking data). In order 
to put these numbers into context, imagine a journal that publishes 10 papers per issue 

Figure 3: The x-axis depicts the proportion of simulations for which at least one attempted 
analysis was significant at a 0.05 level. Error bars correspond to standard deviations. Light/red 
bars indicate the results for uncorrelated measures, dark/blue bars indicate results for highly 
correlated measures (r = 0.5). Results were obtained for running three separate linear models 
for each dependent variable (row 1–3); for running one linear model with the main effect only, 
one model allowing for covariance with an accent main effect, and one model with an analysis 
of covariance with an accent interaction (row 4, a significant effect is reported if the effect of 
the condition or its interaction with accent was significant in any of these analyses). Row 5–6 
combine multiple dependent variables with adding a covariate. The dashed line indicates the 
expected false positive base rate of 5%.
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and each paper reports only one result. In the worst-case scenario, i.e., a scenario in which 
the null hypothesis is true and researcher degrees of freedom are explored as described 
above, three to four papers of this issue would report a false positive.

Keep in mind that the presented simulation is necessarily a simplification of real-world 
data sets. The true false positive rates might differ from those presented here. However, 
even within a simplified scenario, the present simulation serves as a proof of concept that 
exploiting researcher degrees of freedom can impact the false positive rate quite substantially.

Another limitation of the present simulation (and of most simulations of this nature) is 
that it is blind to the direction of the effect. Here, we counted every p-value below our 
set alpha level as a false positive. In real-world scenarios, however, one could argue that 
we often have directional hypotheses. For example, we expect unstressed syllables to 
exhibit ‘significantly’ shorter durations/lower intensity/lower f0, etc. It could be argued 
that finding a significant effect going in the ‘wrong’ direction is potentially less likely to 
be considered trustworthy evidence (i.e., unstressed syllables being longer). However, 
due to cognitive biases such as hindsight bias (Fischhoff, 1975) and overconfident beliefs 
in the replicability of significant results (Vasishth, Mertzen, Jäger, & Gelman, 2018) the 
subjective expectedness of effect directionality might be misleading.

The issues discussed above are general issues of data analysis operating in a particular 
inferential framework and they are not specific to phonetic sciences. However, we need to 
be aware of these issues and we need to have an open discourse about them. It turns out 
that one of the aspects that makes our scientific object so interesting—the complexity of 
speech—can pose a methodological burden.

5. Possible remedies
The false positive rates demonstrated above are not an inevitable fate. In the following, I 
will discuss possible strategies to elude the threat posed by researcher degrees of freedom, 
focusing on five different topics: I discuss the possibility of adjusting the alpha level as 
a way to reduce false positives (Section 5.1). Alternatively, I propose that drawing a 
clear line between exploratory and confirmatory analyses (Section 5.2) and committing to 
analytical decisions prior to data collection with preregistered protocols (Section 5.3) can 
limit the number of false positives. Additionally, a valuable complementary practice may 
lie in open, honest, and transparent reporting on how and what was done during the data 
analysis procedure (Section 5.4). While transparency cannot per se limit the exploitation 
of researcher degrees of freedom, it can facilitate their detection. Finally, it is argued that 
direct replications are our strongest strategy against false positives and researcher degrees 
of freedom (Section 5.5).

5.1. Adjusting the significance threshold
The increased false positive rates as discussed in this paper are closely linked to null 
hypothesis significance testing which, in its contemporary form, constitutes a dichotomous 
statistical decision procedure based on a preset threshold (the alpha level). At first glance, 
an obvious solution to reduce the likelihood of obtaining false positives is to adjust the 
alpha level, either by correcting it for relevant researcher degrees of freedom or by 
lowering the decision threshold for significance a priori.

First, one could correct the alpha level as a function of the number of exploited researcher 
degrees of freedom. This solution has mainly been discussed in the context of multiple 
comparisons, in which the researcher corrects the alpha level threshold according to the 
number of tests performed (Benjamini & Hochberg, 1995; Tukey, 1953). If we were to 
measure three acoustic parameters to test a global null hypothesis, which can be refuted by 
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a single statistically significant result, we would lower the alpha level to account for three 
tests. These corrections can be done for example via the Bonferroni or the Šidák method.6

One may object that corrections for multiple testing are not reasonable in the case of 
speech production on the grounds that acoustic measures are usually correlated. In this 
case, correcting for multiple tests may be too conservative. However, as demonstrated 
in Section 4 and discussed by von der Malsburg and Angele (2017), multiple testing 
of highly correlated measures leads to false positive rates that are nearly as high as for 
independent multiple tests. Thus, a multiple comparisons correction is necessary even 
with correlated measures in order to obtain the conventional false positive rate of 5%. 
However, given the large analytical decision space we have discussed above, it remains 
unclear as to how much to correct the alpha level for other individual researcher degree 
of freedom. Moreover, given that speech production experiments usually yield a limited 
amount of data, strong alpha level corrections can drastically inflate false negatives (Type 
II errors, e.g., Thomas et al., 1985), i.e., erroneously failing to reject the null hypothesis.

Complementarily, one could pose a more conservative alpha level a priori. Benjamin 
et al. (2018) recently made such a proposal, recommending to lower our commonly 
agreed alpha level from p ≤ 0.05 to p ≤ 0.005. All else being equal, lowering the alpha 
level will reduce the absolute number of false positives (e.g., in the simulation above, we 
would only obtain around 0.5% to 3% of false positives across scenarios). While some 
researchers articulated their concerns that lowering the commonly accepted threshold 
for significance comes with important drawbacks such as an increase in false negatives 
and increased resource costs (Amrhein & Greenland, 2018; Lakens et al., 2018, but see de 
Ruiter, 2018), it can certainly help us reduce false positives by raising the bar as to what 
counts as significant and what does not.

In sum, correcting the alpha level or setting a lower alpha level threshold for significance 
can be helpful strategies to control for false positive rates in a conservative way. As with 
every practice, alpha level adjustments have their own drawbacks. It sometimes remains 
unclear as how to exactly adjust the alpha level in a non-conservative way. Moreover, 
alpha level adjustment can increase false negative rates.

5.2. Flagging analyses as exploratory vs. confirmatory
One important remedy to the issue of researcher degrees of freedom is to draw a clear 
line between exploratory and confirmatory analyses, two conceptually separate phases in 
scientific discovery (Box, 1976; Tukey, 1980; de Groot, 2014; see Nicenboim, Vasishth, 
Engelmann, & Suckow, 2018b, and Roettger, Winter, & Baayen, accepted, for recent 
discussions related to linguistic research). In an exploratory analysis, we observe patterns 
and relationships which lead to the generation of concrete hypotheses as to how these 
observations can be explained. These hypotheses can then be challenged by collecting 
new data (e.g., in controlled experiments). Putting our predictions under targeted scrutiny 
helps us revise our theories based on confirmatory analyses. Our revised models can then 
be further informed by additional exploration of the available data. This iterative process 
of alternating exploration and confirmation advances our knowledge. This is hardly news 
to the reader. However, quantitative research in science in general, as well as in our field 
in particular, often blurs the line between these two types of data analysis.

Exploratory and confirmatory analyses should be considered complementary to each 
other. Unfortunately, when it comes to publishing our work, they are not weighted equally. 

 6 One approach is to use an additive (Bonferroni) inequality: For n tests, the alpha level for each test is given 
by the overall alpha level divided by n. A second approach is to use a multiplicative inequality (Šidák): For 
n tests, the alpha level for each test is calculated by taking 1 minus the nth root of the complement of the 
overall alpha level.
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Confirmatory analyses have a superior status, determining the way we frame our papers 
and the way funding agencies demand successful proposals to look like. This asymmetry 
can have harmful consequences which I have discussed already: HARKing and p-hacking. It 
may also incentivize researchers to sidestep clear-cut distinctions between exploratory and 
confirmatory findings. The publication apparatus forces us into a confirmatory mindset, 
while we often want to explore the data and generate hypotheses. For example, we want 
to explore what the most important phonetic exponents of a particular functional contrast 
are. We may not necessarily have a concrete prediction we want to test at this stage, but 
we want to understand patterns in speech with respect to their function. Exploratory 
analyses are necessary to establish standards as to how aspects of speech relate to linguistic, 
cognitive, and social variables. Once we have established such standards, we can agree to 
only look at relevant phonetic dimensions, reducing the analytical flexibility with regard 
to what and how to measure (Sections 3.1–3.2).

Researcher degrees of freedom mainly affect the confirmatory part of scientific discovery; 
they do not restrict our attempts to explore our data. But claims based on exploration should 
be cautious. After having looked at 20 acoustic dimensions, any seemingly systematic 
pattern may be spurious. Instead, this exploratory step should generate new hypotheses 
which we then can confirm or disconfirm using a new data set. In many experiments, prior 
to data collection, it may not be clear how a functional contrast may phonetically manifest 
itself. Presenting such exploratory analyses as confirmatory may hinder replicability and 
may give a false feeling of certainty regarding the results (Vasishth et al., 2018). In a 
multivariate setting, which is the standard setting for phonetic research, there are multiple 
dimensions to the data that can inform our theories. Exploring these dimensions may 
often be more valuable than just a single confirmatory test of a single hypothesis (Baayen, 
Vasishth, Kliegl, & Bates, 2017). These cases make the distinction between confirmatory 
and exploratory analyses so important. We should explore our data. Yes. Yet we should 
not pretend we are testing concrete hypotheses when doing so.

Although our academic incentive system makes drawing this line difficult, journals have 
started to become aware of this issue and have started to create incentives to explicitly 
publish exploratory analyses (for example Cortex, see McIntosh, 2017). One way of ensuring 
a clear separation between exploratory and confirmatory analyses are preregistrations and 
registered reports (Nosek, Ebersole, DeHaven, & Mellor, 2018; Nosek & Lakens, 2014).

5.3. Preregistrations and registered reports
A preregistration is a time-stamped document in which researchers specify exactly 
how they plan to collect their data and how they plan to conduct their confirmatory 
analyses. Such reports can differ with regard to the details provided, ranging from basic 
descriptions of the study design to detailed procedural and statistical specifications up to 
the publication of scripts.

Preregistrations can be a powerful tool to reduce researcher degrees of freedom because 
researchers are required to commit to certain decisions prior to observing the data. 
Additionally, public preregistration can at least help to reduce issues related to publication 
bias, i.e., the tendency to publish positive results more often than null results (Franco, 
Malhotra, & Simonovits, 2014; Sterling, 1959), as the number of failed attempts to reject 
a hypothesis can be tracked transparently (if the studies were conducted).

There are several websites that offer services and/or incentives to preregister studies 
prior to data collection, such as AsPredicted (AsPredicted.org) and the Open Science 
Framework (osf.io). These platforms allow us to time-log reports and either make them 
publicly available or grant anonymous access only to a specific group of people (such as 
reviewers and editors during the peer-review process).

https://aspredicted.org/
https://osf.io/
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A particular useful type of preregistration is a peer-reviewed registered report, which an 
increasing number of scientific journals have adopted already (Nosek et al., 2018; Nosek 
& Lakens, 2014; see cos.io/rr for a list of journals that have adopted this model).7 These 
protocols include the theoretical rationale of the study and a detailed methodological 
description. In other words, a registered report is a full-fledged manuscript minus the 
result and discussion section. These reports are then critically assessed by peer reviewers, 
allowing the authors to refine their methodological design. Upon acceptance, the 
publication of the study results is in-principle guaranteed, no matter whether the results 
turn out to provide evidence for or against the researcher’s predictions.

For experimental phonetics, a preregistration or registered report would ideally include a 
detailed description of what is measured and how exactly it is measured/operationalized, as 
well as a detailed catalogue of objective inclusion criteria (in addition to other key aspects 
of the method including all relevant researcher degrees of freedom related to preprocessing, 
postprocessing, statistical modelling, etc.; see Wicherts et al., 2016). Committing to these 
decisions prior to data collection can reduce the danger of unintentionally exploiting 
researcher degrees of freedom.

At first sight, there appear to be several challenges that come with preregistrations (see 
Nosek et al., 2018, for an exhaustive discussion). For example, after starting to collect 
data, we might realize that our preset exclusion criteria do not capture an important 
behavioral aspect of our experiment (e.g., some speakers may produce undesired phrase-
level prosodic patterns which we did not anticipate). These patterns interfere with our 
research question. Deviations from our data collection and analysis plan are common. In 
this scenario, we could change our preregistration and document these changes alongside 
our reasons as to why and when we have made these changes (i.e., after how many 
observations). This procedure still provides substantially lower risk of cognitive biases 
impacting our conclusions compared to a situation in which we did not preregister at all.

Researchers working with corpora may object that preregistrations cannot be applied 
to their investigations because their primary data have already been collected. But 
preregistration of analyses can still be performed. Although, ideally, we limit researcher 
degrees of freedom prior to having seen the data, we can (and should) preregister analyses 
after having seen pilot data, parts of the study, or even whole corpora. When researchers 
generate a hypothesis that they want to confirm with a corpus data set, they can preregister 
analytic plans and commit to how evidence will be interpreted before analyzing the data.

Another important challenge when preregistering our studies is predicting appropriate 
inferential models. Preregistering a data analysis necessitates knowledge about the nature 
of the data. For example, we might preregister an analysis assuming that our measurements 
are generated by a Gaussian process. After collecting our data, we might realize the data have 
heavy right tales, calling for a log-transformation; thus, our preregistered analysis might 
not be appropriate. One solution to this challenge is to define data analytical procedures 
in advance that allow us to evaluate distributional aspects of the data and potential data 
transformations irrespective of the research question. Alternatively, we could preregister 
a decision tree. This may actually be tremendously useful for people using hierarchical 
linear models. When using appropriate random effect structures (see Barr et al., 2013; 
Bates et al., 2015), these models are known to run into convergence issues (e.g., Kimball, 
Shantz, Eager, & Roy, 2018). To remedy such convergence issues, a common strategy is to 
drop complex random effect terms incrementally (Matuschek, Kliegl, Vasishth, Baayen, & 
Bates, 2017). Since we do not know whether a model will converge or not in advance, a 
concrete plan of how we reduce model complexity can be preregistered in advance.

 7 Note that there are only a few journals on quantitative linguistics that have adopted registered reports.

https://cos.io/rr/


Roettger: Researcher degrees of freedom in phonetic research Art. 1, page 17 of 27

Preregistrations and registered reports help us draw a line between the hypotheses we 
intend to test and data exploration (see Figure 4). Any exploration of the data beyond 
the preregistered analysis have to be considered as hypotheses-generating only. If we are 
open and transparent about this distinction and ideally publicly indicate where we draw 
the line between the two, we can limit false positives due to researcher degrees of freedom 
exploitation in our confirmatory analyses and commit more honestly to subsequent 
exploratory analyses.

5.4. Transparency
The credibility of scientific findings is mainly rooted in the evidence supporting it. We 
assess the validity of this evidence by constantly reviewing and revising our methodologies, 
and by extending and replicating findings. This becomes difficult if parts of the process 
are not transparent or cannot be evaluated. For example, it is difficult to evaluate whether 
exploitation of researcher degrees of freedom is an issue for any given study if the authors 
are not transparent about when they made which analytical decisions. We end up having 
to trust the authors. Trust is good, control is better. We should be aware and open about 
researcher degrees of freedom and communicate this aspect of our data analyses to our 
peers as honestly as we can. For example, if we have measured and analyzed ten phonetic 
parameters to establish whether the final syllable of a word is more prominent than 
the prefinal syllable, we should provide this information: If we have run analyses with 
and without gender as a covariate, we should say so and discuss the results of these 
analyses. An open, honest, and transparent research culture is desirable. As argued above, 
public preregistration can facilitate transparency of what analytical decisions we made 
and when we have made them. Being transparent does not, of course, prevent p-hacking, 
HARKing or other exploitations of researcher degrees of freedom, but it makes these 
harmful practices detectable.

For our field, transparency with regard to our analysis has many advantages (e.g., 
Nicenboim et al., 2018b).8 As analysis is subjective in the sense that it incorporates the 
researcher’s beliefs and assumptions about a study system (McElreath, 2016) the only way 
to make analyses objectively assessable is to be transparent about this aspect of empirical 
work. Transparency then allows other researchers to draw their own conclusions as to 
which researcher degrees of freedom were present and how they may have affected the 
original conclusion.

In order to facilitate such transparency, we need to agree on how to report aspects of 
our analyses. While preregistrations and registered reports lead to better discoverability 
of researcher degrees of freedom, they do not necessarily allow us to systematically 
evaluate them. We need institutionalized standards, as many other disciplines have 
already developed. There are many reporting guidelines that offer standards for reporting 
methodological choices (see the Equator Network for an aggregation of these guidelines: 
http://www.equator-network.org/). Systematic reviews and meta analyses such as Gordon 
and Roettger (2017) and Roettger and Gordon (2017) can be helpful departure points to 
create an overview of possible analytical decisions and their associated degrees of freedom 
(e.g., what is measured; how it is measured, operationalized, processed, and extracted; 
what data are excluded; when and how are they excluded, etc.). Such guidelines, however, 

 8 Beyond sharing data tables and analysis scripts, it would be desirable to share raw acoustic or articula-
tory files. However, making these types of data available relies on getting permission from participants in 
advance (as acoustic data are inherently identifiable). Making raw speech production data available to the 
community would greatly benefit evidence accumulation in our field. We can share these data on online 
repositories such as, for example, OSCAAR (the Online Speech/Corpora Archive and Analysis Resource: 
https://oscaar.ci.northwestern.edu/).

http://www.equator-network.org/
https://oscaar.ci.northwestern.edu/
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are only effective when a community agrees on their value and applies them including 
journals, editors, reviewers, and authors.

5.5. Direct replications
The above discussed remedies help us to either limit the exploitation of researcher 
degrees of freedom or make them more detectable. However, none of these strategies 
is a fool-proof protection against false positives. To ultimately avoid the impact of false 
positives on the scientific record, we should increase our efforts to directly replicate 
previous research, defined here as the repetition of the experimental methods that led to 
a reported finding.

The call for more replication is not original. Replication has always been considered 
a tremendously important aspect of the scientific method (e.g., Campbell, 1969; Kuhn, 
1962; Popper, 1934/1992; Rosenthal, 1991) and in recent coordinated efforts to replicate 
published results, the social sciences uncovered unexpectedly low replicability rates, a 
state of affairs that has been coined the ‘replication crisis.’ For example, the Open Science 
Collaboration (2015) tried to replicate 100  studies that were published in three high-
ranking psychology journals. They assessed whether the replications and the original 
experiments yielded the same result and found that only about one third to one half of 
the original findings (depending on the definition of replication) were also observed in 
the replication study. This lack of replicability is not restricted to psychology. Concerns 
about the replicability of findings have been raised for medical sciences (e.g., Ioannidis, 
2005), neuroscience (Wager, Lindquist, Nichols, Kober, & van Snellenberg, 2009), genetics 
(Hewitt, 2012), cancer research (Errington et al., 2014), and economics (Camerer et al., 
2016).

Most importantly, it is a very real problem for quantitative linguistics, too. For example, 
Nieuwland et al. (2018) recently tried to replicate a seminal study by DeLong, Urbach, and 
Kutas (2005) which is considered a landmark study for the predictive processing literature 
and which has been cited over 500 times. In their preregistered multi-site replication 
attempt (9 laboratories, 334 subjects), Nieuwland et al. were not able to replicate some of 
the key findings of the original study.

Stack, James, and Watson (2018) recently failed to replicate a well-cited study on rapid 
syntactic adaptation by Fine, Jaeger, Farmer, and Qian (2013). After failing to find the 
original effect in an extension, they went back and directly replicated the original study 
with appropriate statistical power. They found no evidence for the original effect.

Possible reasons for the above cited failures to replicate are manifold. As has been argued 
here, exploitation of researcher degrees of freedom is one of the reasons why there is a 
large number of false positives. Combined with other statistical issues such as low power 
(e.g., for recent discussion see Kirby & Sonderegger, 2018; Nicenboim et al., 2018a), 
violation of the independence assumption (Nicenboim & Vasishth, 2016; Winter, 2011, 
2015), and the ‘significance’ filter (i.e., treating results publishable because p < 0.05 
leads to overoptimistic expectations of replicability; see Vasishth et al., 2018), it is to be 
expected that there are a large number of experimental phonetic findings that may not 
stand the test of time.

The above replication failures sparked a tremendously productive discourse throughout 
the quantitative sciences and led to quick methodological advancements and best practice 
recommendations. For example, there are several coordinated efforts to directly replicate 
important findings by multi-site projects such as the ManyBabies project (Frank et al., 
2017) and Registered Replication Reports (Simons, Holcombe, &, Spellman, 2014). These 
coordinated efforts can help us put theoretical foundations on a firmer footing. However, 
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the logistic and monetary resources associated with such large-scale projects are not always 
pragmatically feasible for everyone in the field.

Replication studies are not very popular because the necessary time and resource 
investment are not appropriately rewarded in contemporary academic incentive systems 
(Koole & Lakens, 2012; Makel, Plucker, & Hegarty, 2012; Nosek, Spies, & Motyl, 2012). 
Both successful replications (Madden, Easley, & Dunn, 1995) and repeated failures to 
replicate (e.g., Doyen, Klein, Pichon, & Cleeremans, 2012) are rarely published, and 
if they are published they are usually published in less prestigious outlets than the 
original findings. To overcome the asymmetry between the cost of direct replication 
studies and the presently low academic payoff for it, we as a research community must 
re-evaluate the value of direct replications. Funding agencies, journals, editors, and 
reviewers should start valuing direct replication attempts, be it successful replications or 
replication failures, as much as they value novel findings. For example, we could either 
dedicate existing journal space to direct replications (e.g., as an article type) or create 
new journals that are specifically dedicated to replication studies. For example, the 
Royal Society Open Science has recently initiated an interesting new publication model. 
For their Psychology and Cognitive Neuroscience section, they guarantee to publish any 
close replication of any article published in their own and other journals (https://blogs.
royalsociety.org/publishing/reproducibility-meets-accountability/). Thus, if the journal 
agrees to publish a study, it becomes responsible for publishing direct replications of that 
study, too.

As soon as we make publishing replications easier, more researchers will be compelled 
to replicate both their own work and the work of others. Only by replicating empirical 
results and evaluating the accumulated evidence can we substantiate previous findings 
and extend their external validity.

6. Summary and concluding remarks
This article has discussed researcher degrees of freedom in the context of quantitative 
phonetics. Researcher degrees of freedom concern all possible analytical choices that may 
influence the outcome of our analysis. In a null-hypothesis-significance testing framework 
of inference, intentional or unintentional exploitation of researcher degrees of freedom 
can have a dramatic impact on our results and interpretations, increasing the likelihood 
of obtaining false positives. Quantitative phonetics faces a large number of researcher 
degrees of freedom due to its scientific object being inherently multidimensional and 
exhibiting complex interactions between many covarying layers of speech. A Type-I 
error simulation demonstrated substantial false error rates when combining just two 
researcher degrees of freedom such as testing more than one phonetic measurement, and 
including a speech-relevant covariate in the analysis. It has been argued that combined 
with common cognitive fallacies, unintentional exploitation of researcher degrees of 
freedom introduces strong bias and poses a serious challenge to quantitative phonetics 
as an empirical science.

Several potential remedies for this problem have been discussed (see Figure 4). When 
operating in the NHST statistical framework, we can reconsider our preset threshold 
for significance. We should draw an explicit line between confirmatory and exploratory 
analyses. One way to enforce such a clear line are preregistrations or registered reports, 
i.e., records of the experimental design and the analysis plan that are committed prior to 
data collection and analysis. While preregistration offers better detectability of researcher 
degrees of freedom, standardized reporting guidelines and transparent reporting might 
facilitate a more objective assessment of these researcher degrees of freedom by other 

https://blogs.royalsociety.org/publishing/reproducibility-meets-accountability/
https://blogs.royalsociety.org/publishing/reproducibility-meets-accountability/
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researchers. Yet all of these proposals come with their own limitations and challenges. 
A complementary strategy to limit false positives lies in direct replications, a form of 
research that is unfortunately not well rewarded within the present academic system.

Figure 4: Schematic depiction of the decision procedure during data analysis that limits 
false positives: Prior to data collection, the researcher commits to an analysis pipeline via 
preregistration/registered reports, leading to a clear separation of confirmatory (blue arrows) 
and exploratory analysis (yellow arrows). The analysis is executed accordingly and the results 
are interpreted with regard to the confirmatory analysis. After the confirmatory analysis, the 
researcher can revisit the decision procedure and explore the data. The interpretation of the 
confirmatory analysis and potential insights gained from the exploratory analysis are published 
alongside an open and transparent track record of all analytical steps (preregistration, code, 
and data for both confirmatory and exploratory analyses). Finally, either prior to publication or 
afterwards, the study is directly replicated (green arrow) by either the same research group or 
independent researchers in order to substantiate the results.
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As a community, we need to openly discuss such issues and find feasible solutions 
to them. Possible solutions must not only be practical from a logistic perspective but 
should also avoid punishing rigorous methodology within our academic incentive 
system. Explicitly labeling our work as exploratory, being transparent about potential 
bias due to researcher degrees of freedom, or running direct replications may make it 
more difficult to be rewarded for our work (i.e., by being able to publish our studies in 
prestigious journals). Thus, authors, reviewers, and editors alike need to be aware of 
these methodological challenges. The present paper was conceived in the spirit of such 
an open discourse. Thus, the single most powerful solution to methodological challenges 
as described in this paper is engaging in a critical and open discourse about our methods 
and analyses.
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"CTUSBDU�
Pda ejraopec]pekj kb ]_kqope_ _knnah]pao kb skn` opnaoo eo ] lnkiejajp ]na] kb naoa]n_d* Pda hepan]pqna eo neba
sepd opq`eao kb pda ]_kqope_ atlkjajpo kb sd]p eo kbpaj nabanna` pk ]o opnaoo ^qp pda iapdk`khkce_]h `eranoepu
kb pdeo naoa]n_d d]o _na]pa` ]j qj_ha]n le_pqna kb pda lnklanpeao nk^qophu ]ook_e]pa` sepd ep* Pda lnaoajp l]lan
atlhknao pda iapdk`khkce_]h eooqao ejrkhra` ej at]iejejc skn` opnaoo _knnah]pao sepd pda ck]h kb lnklkoejc ]
oap kb na_kiiaj`]pekjo bkn bqpqna naoa]n_d* >]oa` kj ] oqnrau kb --, $oq^)% opq`eao kj 31 h]jcq]cao( `aoe`an]p]
bkn naoa]n_d kj pda ]_kqope_o kb opnaoo ]na e`ajpe|a`6 `ao_nelpekjo kb ailhkua` iapdk`o odkqh` ^a ]o `ap]eha`
]o lkooe^ha( olaa_d i]pane]h odkqh` ^a `aoecja` pk ]hhks bkn pa]oejc ]l]np skn` harah opnaoo bnki ldn]oa harah
lnkiejaj_a( ]j` o]ilha oevao odkqh` ^a _dkoaj ]__kn`ejc pk op]peope_]h _kjoe`an]pekjo*
,FZXPSET� skn` opnaoo( ldkjape_o( ldkjkhkcu( pulkhkcu
%0*� -,*-1-1+hejcr]j).,-3),,,2
3FDFJWFE� I]n_d 3( .,-37 "DDFQUFE� =lneh .2( .,-3

� *OUSPEVDUJPO

Pda ejraopec]pekj kb ]_kqope_ _knnah]pao kb skn` opnaoo eo ] lnkiejajp ]na] kb naoa]n_d `]pejc ^]_g pk lekjaanejc
skng ^u Bnu $-511( -514%* Pda hepan]pqna eo neba sepd opq`eao kb pda ]_kqope_ atlkjajpo kb opnaoo ^qp pda iapdk`)
khkce_]h `eranoepu kb pdeo naoa]n_d d]o _na]pa` ]j qj_ha]n le_pqna kb pda lnklanpeao nahe]^hu ]ook_e]pa` sepd ep*
Pda lnaoajp l]lan atlhknao pda iapdk`khkce_]h eooqao ejrkhra` ej at]iejejc skn` opnaoo _knnah]pao sepd pda
ck]h kb lnklkoejc ] oap kb na_kiiaj`]pekjo bkn bqpqna naoa]n_d*

� .FUIPEPMPHZ

Pda lnaoajp oqnrau eo cha]ja` bnki iqhpelha okqn_ao( ej_hq`ejc l]lano bkqj` ej ldkjape_ ]j` ]na]h opq`eao
fkqnj]ho( skngejc l]lano( ]j` ]ooknpa` ^kkgo ]j` `eooanp]pekjo* Pda opq`u ej_hq`a` kjhu skngo _kjp]ejejc
mq]jpep]pera naoqhpo ola_e|_]hhu p]ncapejc pda ]_kqope_ _knnah]pao kb opnaoo $]o kllkoa` pk ]_kqope_ _knnah]pao kb
kpdan lnkok`e_ lnklanpeao( a*ႊc* ejpkj]pekj( lnkok`e_ _kjopepqaj_u( ^kqj`]nu ldajkiaj]( ndupdi ]j` peiejc%*
Kjhu opq`eao ejrkhrejc ]`qhp ola]gano sepdkqp nalknpa` olaa_d eil]eniajpo sana _kjoe`ana`*-

Pda _knlqo ej_hq`a` ] pkp]h kb --, $oq^)%opq`eao kj 31 h]jcq]cao $kn h]jcq]ca r]neapeao%( sde_d ]na lhkppa`
cakcn]lde_]hhu ej Becqna -$oaa Ckn`kj ]j` Nkappcan pdeo rkhqia bkn ] heop kb h]jcq]cao oqnraua`%*

.BUUIFX (PSEPO JT UIF DPSSFTQPOEJOH BVUIPS�
ݦ ���� 8BMUFS EF (SVZUFS (NC) #FSMJO�#PTUPO�
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7C<na3 S- Cakcn]lde_]h `eopne^qpekj kb h]jcq]cao ej_hq`a` ej pda oqnrau kb ]_kqope_ _knnah]pao kb opnaoo lhkppa` re] pdaihejcpulkhkcuv l]_g]ca $Iknkv .,-3% bkn N $.,-3%*

Bkn a]_d oqnraua` okqn_a( ^aoe`ao pda ]_kqope_ l]n]iapano oecj]hejc skn` opnaoo $bkn `eo_qooekj( oaa Ckn`kj
]j` Nkappcan pdeo rkhqia%( sa hkcca` oaran]h iapdk`khkce_]h ]ola_po*

Pda |nop s]o pda _knlqo pula at]ieja`( aepdan h]^ olaa_d kn olkjp]jakqo olaa_d $oaa >a_gi]j -5537 Tq
.,-,%* Pda bknian nabano pk olaa_d pd]p eo qoq]hhu na_kn`a` ej pda bkni kb na]`ejc ]hkq` lna)_kilkoa` opeiqhe*
Opq`eao qoejc h]^ olaa_d at]ieja` p]ncap skn`o ej eokh]pekj( ej ] _kjpatp ldn]oa pd]p r]nea` `alaj`ejc kj
pda p]ncap skn`( kn ej ] |ta` iap]hejcqeope_ ldn]oa( a*ႊc* iO]u [[[[[[[[ ]c]ejv kn iE o]u [[[[[[[[v* Sa ]hok
ej_hq`a` h]ncan lna)_kilkoa` patpo ej pdeo _]packnu* Olkjp]jakqo olaa_d eo dana `a|ja` ]o iolaa_d pd]p eo
jkp na]` pk o_nelpv $>a_gi]j -5536 3% ]j` ej_hq`ao j]nn]perao( _kjrano]pekjo( ]j` ejpanreaso* Ej ]``epekj pk pda
_knlqo pula( pda lkoepekj kb pda p]ncap skn` eo ]hok lnkre`a`( sdana klpekjo ej_hq`a ldn]oa)|j]h $ej_hq`ejc ^kpd
|j]h skn`o ej ] ldn]oa ]j` skn`o ej eokh]pekj%( ldn]oa)jkj)|j]h( kn r]nea`( ej _]oao sdana pda ldn]oa lkoepekj
s]o jkp ouopai]pe_]hhu r]nea`* ?]oao ej sde_d |j]h ]j` jkj)|j]h sana _nkooa` sana h]^aha` ]o A_kjpnkhha`�*
Eb pda lkoepekj kb pda p]ncap skn` s]o qj_ha]n( ] _kiikj oepq]pekj bkn olkjp]jakqo olaa_d( ep s]o h]^aha` ]oAqjola_e|a`�*

=hok pn]_ga` s]o sdapdan pda p]ncap skn`o k__qnna` ej ] lkoepekj pd]p _kjpnkhha` bkn lkop)hate_]h pkj]h arajpo
oq_d ]o ]__ajpo* Pk klan]pekj]heva aj_k`ejc( |ra oappejco sana ]`klpa`6 ]__ajpa`( qj]__ajpa`( ]__ajp _kjpnkhha`(
eilhe_ep _kjpn]op kn qjola_e|a` $ej pda _]oa kb olkjp]jakqo olaa_d ]j` opq`eao ailhkuejc _]nnean ldn]oao pd]p
]na jkp lnaoajpa`%* Pda ]__ajpa` _]packnu ej_hq`ao _kjpatpo ej sde_d p]ncap skn`o ]na aepdan op]pa` pk kn hegahu
pk _]nnu ] ldn]o]h ]__ajp ^a_]qoa pdau ]na atlhe_ephu bk_qoa`( a*ႊc* iE o]e` [[[[[[[[ jkp ,�a*v Pda qj]__ajpa`
_]packnu _kilneoao _]oao ej sde_d pda p]ncap skn` s]o aepdan atlhe_ephu op]pa` pk ^a qj]__ajpa` kn ej sde_d
bk_qo bahh kj ]jkpdan skn` ej pda ldn]oa( a*ႊc* iE o]e` [[[[[[[[ cIRsIw( jkp \nC,GIwv* A=__ajpa` _kjpnkhha`� na}a_po
_]oao ej sde_d ^kpd pda ]__ajpa` ]j` qj]__ajpa` _kj`epekjo sana _nkooa`* Eilhe_ep _kjpn]op nabano pk _]oao ej
sde_d bk_qo s]o eilhe_ephu kj pda p]ncap skn` ^a_]qoa ep s]o pda kjhu r]nuejc ahaiajp ej pda _knlqo( a*ႊc* ej
] heop kb eokh]pa` skn`o kn skn`o ej ]j ejr]ne]jp $iap]hejcqeope_% ldn]oa* Ep eo eilkooe^ha pk gjks sdapdan pda
p]ncap skn`o ej pdaoa _]oao _]nnea` ] ldn]o]h ]__ajp kn jkp*

=``epekj]hhu( sa pn]_ga` pda skn` opnaoo haraho at]ieja` $lnei]nu opnaoo $-O%( oa_kj`]nu opnaoo $.O% ]j` qj)
opnaooa` $QO%% ]j` pda jqi^an kb ola]gano( skn`o $kn ]hpanj]pera klan]pekj]hev]pekjo bkn pda _knlqo oeva%( ]j`
nalapepekjo kb a]_d p]ncapa` skn` qj`an ] ceraj _kj`epekj $]llhe_]^ha kjhu bkn h]^ olaa_d%* Bkn ikop opq`eao(
pda ikop a]oehu na_kran]^ha ejbkni]pekj s]o pda jqi^an kb skn`o _kjp]ejejc p]ncapa` ouhh]^hao $kn rksaho%*
@alaj`ejc kj pda _knlqo( a]_d p]ncap skn` lkpajpe]hhu _kjoeopa` kb kja ia]oqna` ouhh]^ha $kn rksah%( aepdan
opnaooa` kn qjopnaooa` ej opq`eao ailhkuejc _nkoo)skn` _kil]neokjo( kn ikna pd]j kja ej ejpn]skn` _kil]n)
eokjo* Bkn _anp]ej opq`eao( pda pkp]h jqi^an kb `]p] lkejpo n]pdan pd]j pda jqi^an kb p]ncapa` skn`o eo ceraj
oej_a ep s]o pda kjhu ejbkni]pekj lnkre`a`*

Pda op]peope_]h paop$o% ailhkua` ]j` naoqhpo bkn pda at]ieja` ]_kqope_ l]n]iapano sana ]hok hkcca`* Bej]h
jkpao _khqijo lnkre`a ]``epekj]h ejbkni]pekj ]^kqp pda iapdk`khkcu ]j`+kn naoqhpo* Ej _k`ejc op]peope_o( `a)
o_nelpera opq`eao ]na h]^aha` ]o oq_d ]j`( ej pda _]oa kb pdkoa ]hok qoejc ejbanajpe]h op]peope_o $sde_d _d]n]_paneo)
pe_]hhu eilheao pda oeiqhp]jakqo lnaoajp]pekj kb `ao_nelpera op]peope_o%( pda pula kb paop$o% ailhkua` eo lnkre`a`*
Araj pdkqcd pdau ]na kb ejpanaop( pda op]peope_]h naoqhpo kb opq`eao ej kqn _knlqo ]na `e{e_qhp pk _kil]na( oej_a
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pdana eo _kjoe`an]^ha r]ne]pekj ej pda op]peope_]h ik`aho ailhkua` ]j` pda lklqh]pekj kran sde_d ejbanaj_ao ]na
`n]sj* @eo_qooejc pda `eranoepu kb op]peope_]h _dke_ao ]j` pdaen lkpajpe]h eil]_p kj pda nalknpa` naoqhpo ckao
^aukj` pda o_kla kb pdeo l]lan* Pdanabkna( sa d]ra heiepa` pda lnaoajp oqnrau pk aj_k`a pda a{a_p `ena_pekj
$a*ႊc* cna]pan `qn]pekj kb opnaooa` ouhh]^hao% kb `e{anaj_ao nalknpa` pk ^a op]peope_]hhu oecje|_]jp nac]n`haoo kb
pda i]cjepq`a kb pda `e{anaj_a* Kb _kqnoa( ceraj pda `eranoepu kb op]peope_]h ln]_pe_ao nalnaoajpa` ej pda _knlqo(
pda nalknpa` oecje|_]jp `e{anaj_ao odkqh` ^a nac]n`a` sepd _]qpekj* Bqnpdanikna( araj `e{anaj_ao pd]p ]na
cajqejahu op]peope_]hhu oecje|_]jp i]u jkp ^a lan_alpq]hhu nahar]jp* Ej pda ]^oaj_a kb `ena_p lan_alpekj atlan)
eiajpo( pdeo `eopej_pekj eo `e{e_qhp pk ]ooaoo( ]o araj fqop)jkpe_a]^ha)`e{anaj_ao nalknpa` ej pda hepan]pqna ]j`
^]oa` kj ] oi]hh oap kb h]jcq]cao i]u jkp na}a_p `e{anaj_a heiajo bkn ola]gano kb ]hh h]jcq]cao* =hpdkqcd na)
huejc kj op]peope_]h naoqhpo pk ]ooaoo nk^qopjaoo nqjo pda neog kb ]pp]_dejc qjs]nn]jpa` eilknp]j_a pk `e{anaj_ao
pd]p i]u pqnj kqp jkp pk ^a ia]jejcbqh( sa reas pdeo ]o ] lnaban]^ha ]hpanj]pera pk `eoieooejc naoqhpo pd]p _kqh`
lkpajpe]hhu ^a ia]jejcbqh*

� 3FTVMUT

��� 5FBTJOH BQBSU XPSE�MFWFM TUSFTT GSPN QISBTF�MFWFM QSPNJOFODF

Kja _d]hhajca ej opq`uejc skn` opnaoo eo pa]oejc ]l]np skn`)harah opnaoo bnki lnklanpeao ]ppne^qpa` pk kpdan
okqn_ao* = o]heajp lkpajpe]h okqn_a kb _kjbkqj` opaio bnki ldn]oa)harah lnkiejaj_a $bkn ] na_ajp `eo_qooekj(
oaa Ckn`kj .,-0%* Ej i]ju h]jcq]cao( _anp]ej ahaiajpo kb pda qppan]j_ao ]na ejpkj]pekj]hhu i]nga` ^u pkj]h
ikraiajpo* Ej h]jcq]cao sepd skn` opnaoo( ln]ci]pe_]hhu decdhecdpa` skn`o kbpaj _k)k__qn sepd lkop)hate_]h
pkj]h arajpo $lep_d ]__ajpo( ldn]o]h ]__ajpo( a`ca pkjao%( sde_d ]na qoq]hhu na]heva` kj kn ja]n ] ouhh]^ha ^a]nejc
skn` opnaoo* Naoa]n_d _kj`q_pa` i]ejhu kj h]jcq]cao pd]p atde^ep lep_d ]__ajpo $a*ႊc* Ajcheod( Bnaj_d( Ep]he]j(
]j` Cani]j% nalknpo pd]p pda _k)k__qnnaj_a kb ]j ]__ajp sepd ] ouhh]^ha naoqhpo ej pailkn]h ]j` ol]pe]h atl]j)
oekj kb pda ]npe_qh]pknu caopqnao ejrkhra`( sde_d( ej pqnj( ha]`o pk `apa_p]^ha ]_kqope_ `e{anaj_ao $a*ႊc* ?dk .,,17
?dk ]j` Ga]pejc .,,57 ?dk ]j` I_Mqaaj .,,17 D]nnejcpkj ap ]h* .,,,%*

H]jcq]cao ]hok _kiikjhu ik`ebu pailkn]h ]j` ol]pe]h ldkjape_ l]n]iapano ]p lnkok`e_ a`cao* Pdana ]na
psk i]fkn ldajkiaj] b]hhejc qj`an pda qi^nahh] kb ^kqj`]nu)ej`q_a` opnajcpdajejc6 iejepe]h opnajcpdajejcv
]j` i|j]h hajcpdajejcv* Pda bknian ej_hq`ao pda ldn]oa)ejepe]h ajd]j_aiajp kb ]_kqope_ l]n]iapano pd]p ]na
ldkjaie_]hhu _kjpn]opera* Bkn ejop]j_a( ej h]jcq]cao sepd ]olen]pa` opklo( rke_a kjoap peia $RKP% eo pule_]hhu
hkjcan ldn]oa)ejepe]hhu pd]j ldn]oa)ia`e]hhu $?kklan -55-7 Leannadqi^anp ]j` P]hgej -55.7 Fqj -55/7 ?dk ]j`
Fqj .,,,7 ?dke .,,/7 ?kha ap ]h* .,,/%* =p pda necdp a`ca( lnkok`e_ _kjopepqajpo ]na hkjcan ldn]oa)|j]hhu pd]j
ldn]oa)ia`e]hhu ej i]ju h]jcq]cao( ej_hq`ejc =n]^e_ $@a Fkjc ]j` V]s]u`ad -555%( @qp_d $Cqooajdkraj ]j`
Neaprah` -55.%( Ajcheod $a*ႊc* >a_gi]j ]j` A`s]n`o -55,7 A`s]n`o ap ]h* -55-7 Secdpi]j ap ]h* -55.7 ?dk .,,17
Pqng ]j` Od]ppq_g)Dqbj]cah .,,3%( ]j` Da^nas $>angkrepo -55-% ]ikjc i]ju kpdano*

Pdaoa lnklanpeao i]ga ep eilan]pera pk iapdk`khkce_]hhu pa]oa ]l]np ldkjape_ b]_pkno ]ppne^qpa` pk cajqeja
skn` opnaoo bnki pdkoa _]qoa` ^u ldn]o]h ldajkiaj] oq_d ]o lnkok`e_ ^kqj`]neao ]j` ]__ajpq]h lnkiejaj_a*
Lnk^]^hu ikop _nq_e]h ej ]rke`ejc pdaoa _kjbkqj`o eo pda ldn]o]h _kjpatp ej sde_d pda p]ncap k__qno* Becqna .
odkso pda jqi^an kb opq`eao ej pda `]p]^]oa ailhkuejc skn`o ahe_epa` ej h]^ olaa_d $aepdan ej eokh]pekj kn ej ]
_]nnean ldn]oa%( ]j` skn`o ahe_epa` ej olkjp]jakqo olaa_d*

7C<na3 l- Jqi^an kb opq`eao ]o ] bqj_pekj kb _knlqo pula $u)]teo% ]j` ahe_ep]pekj _kjpatp ej sde_d p]ncap skn`o ]lla]na`
$_khkn _k`a`% bkn ]hh $oq^)%opq`eao ej pda `]p]^]oa* Jkpa pd]p opq`eao qoejc ikna pd]j kja pula kb _kjpatp ]na ej_hq`a` ej
pda _kqjpo kb ]hh nahar]jp _]packneao*
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=o eo are`ajp ej Becqna .( i]ju opq`eao ej pda `]p]^]oa at]ieja` skn`o ej eokh]pekj( sdana skn` opnaoo eo
opn]ecdpbkns]n`hu _kjbkqj`a` sepd ldn]oa)harah lnkiejaj_a* Opq`eao ^]oa` kj olkjp]jakqo olaa_d ]hok nqj
pda neog kb _kj}]pejc skn`)harah ]j` ldn]oa)harah lnklanpeao qjhaoo pda p]ncap skn`o ]na _]nabqhhu _dkoaj ^]oa`
kj pdaen nkha ej pda kran]hh ldn]o]h lnkok`u* I]ju lnkiejaj_a ]ouiiapneao bkqj` ej pda oqnrau pdqo iecdp
qhpei]pahu ^a ]ppne^qpa` pk ldn]oa)harah lnklanpeao*

Pda i]fknepu kb opq`eao at]ieja skn`o ej ] ldn]oa* Ej ikop kb pdaoa( pda p]ncap ]lla]na` ej jkj)|j]h lkoepekj
ej ]p ha]op kja _kj`epekj $sde_d ej okia opq`eao s]o _nkooa` sepd |j]h lkoepekj%* Nerean])?]opehhk ]j` Le_ganejc
$.,,0% kj L]le]iajpq( =opnq_ ]j` Lneapk $.,,2%( Hadeopa ap ]h* $.,,1% kj Ia]`ks I]ne( Hadeopa ap ]h* $.,,4% kj
Herkje]j( ]j` U]gql ]j` Oanajk $.,-2% kj Qucdqn ]na at_alpekj]h ej lkoepekjejc pda skn` kjhu ej ldn]oa)|j]h
lkoepekj( i]gejc ep `e{e_qhp pk pa]oa ]l]np skn` opnaoo bnki ^kqj`]nu)ej`q_a` a{a_po*.

Pdana ]na oaran]h at]ilhao kb lkpajpe]h ejpanbanaj_a bnki ldn]oa)harah a{a_po ej pda `]p]^]oa* Op]npejc sepd
pda habp)a`ca( Lu_d] $.,,2% |j`o pd]p ejpajoepu ej Pqngeod eo NRj decdan kj ] opnaooa` |j]h ouhh]^ha pd]j kj ]j
qjopnaooa` lajqhp( _kjpn]`e_pejc naoqhpo ej Hare $.,,1%* Lu_d] $.,,2% oqccaopo pd]p pda h]_g kb ] `e{anaj_a ej
dan opq`u i]u ^a `qa pk ejepe]h opnajcpdajejc kb pda lajqhp( sde_d s]o ]hok pda |nop ouhh]^ha ej dan `]p]^]oa
ailhkuejc `eouhh]^e_ skn`o* Oeieh]nhu( pda hajcpdajejc kb pda ejepe]h opnaooa` ouhh]^ha ej Aopkje]j $Hadeopa -522%
_kqh` ^a ]ppne^qpa` pk `ki]ej)ejepe]h opnajcpdajejc*

Pqnjejc pk pda necdp a`ca( ej pdaen opq`u kb Ej`kjaoe]j opnaoo ej eokh]pa` skn`o( =`eo]oiepk)Oiepd ]j` ?kdj
$-552% |j` pd]p pda rksah ej pda opnaooa` lajqhp bkn kja kb psk ola]gano eo hkjcan pd]j pda lnapkje_ ^qp jkp pda
lkop)pkje_ $]j` |j]h% rksah( pda h]ppan kb sde_d pda ]qpdkno oqccaop eo hajcpdaja` `qa pk epo lkoepekj( pdana^u
k^o_qnejc ] hajcpdajejc a{a_p `qa pk skn` opnaoo* ?dk $.,,2% k^oanrao pd]p B, ej H]gdkp] eo decdan kj pda
opnaooa` ouhh]^ha kb ] `eouhh]^e_ skn` sdaj pda opnaoo eo ejepe]h ^qp jkp sdaj pda opnaoo eo kj pda oa_kj` ouhh]^ha*
Pda ]^oaj_a kb decdan B, kj ] opnaooa` oa_kj` ouhh]^ha eo lkpajpe]hhu `qa pk |j]h hksanejc( e*ႊa* ] ldn]oa)|j]h
hks ^kqj`]nu pkja*

Oeieh]nhu( decdan B, kj ] opnaooa` ouhh]^ha i]u ^a ]ppne^qpa` pk lkop)hate_]h pkj]h arajpo $a*ႊc* >khejcan -514(
-52-7 >a_gi]j -5427 H]`` .,,4 ejpan ]he]%* Oaran]h opq`eao( a*ႊc* Ckjv]hav $-53,% kj P]c]hkc( =`eo]oiepk)Oiepd
]j` ?kdj $-552% kj Ej`kjaoe]j( ?de]j ]j` ?de]jc $.,,1% kj O]eoeu]p( D]ncqo ]j` >a]ranp $.,,2% kj U]gei]
O]d]lpej( Ckn`kj ]j` =llha^]qi $.,-,% kj G]^]n`e]j( ]j` Oei]n` ap ]h* $.,-0% kj O]rko]rk( |j` n]eoa` B, pk
^a ] _knnah]pa kb opnaoo ej eokh]pa` skn`o* Ep eo qj_ha]n sdapdan B, ej pdaoa _]oao eo ]ppne^qpa` pk skn` opnaoo kn
pk ] lkop)hate_]h pkj]h arajp*/

Hkkgejc ]p h]^ olaa_d opeiqhe ai^a``a` ejpk ] _kjpatp ldn]oa( sa aj_kqjpan `e{e_qhpeao ej `eoajp]jchejc
skn` lnkiejaj_a bnki ldn]o]h lnkiejaj_a pd]p eo knpdkckj]h pk pda lkoepekj kb pda p]ncap skn` ej pda ldn]oa*
Ejpkj]pekj _kiikjhu atlnaooao `eo_kqnoa nah]pekjodelo oq_d ]o ejbkni]pekj opnq_pqna $a*ႊc* bk_qo kn pkle_% ]j`
ejbkni]pekj op]pqo $a*ႊc* ceraj ro* jas ejbkni]pekj% $oaa( bkn at]ilha( Leannadqi^anp -54, kj Ajcheod( Cne_a ap
]h* .,,1] kj Ep]he]j( Cne_a ap ]h* .,,1^ kj Cani]j( ]j` Iauan ]j` Ihaejag .,,2 kj Nqooe]j%* I]ju h]jcq]cao
}]c atlhe_ephu kn eilhe_ephu bk_qoa` _kjopepqajpo ]o sahh ]o jas ejbkni]pekj sepd lkop)hate_]h pkj]h arajpo sde_d
pdaioahrao iecdp _]nnu ]``epekj]h ]_kqope_ lnkiejaj_a* Pdqo( pda olaa_d i]pane]h qppana` ej _kjpatp ldn]oao
odkqh` _]nabqhhu _kjpnkh bkn pdaoa `eo_kqnoa a{a_po*

Rkcah ap ]h* $.,-2% `aikjopn]pa pda lkpajpe]h ej}qaj_a kb bk_qo kj pda na]hev]pekj kb lnkiejaj_a ej ] opq`u
kb bkqn h]jcq]cao $Ol]jeod( Cnaag( Pqngeod( ]j` Dqjc]ne]j% pd]p pa]oao ]l]np hate_]h lnkiejaj_a ]j` ldn]o]h
lnkiejaj_a ej`q_a` ^u bk_qo pdnkqcd ] oaneao kb `e]hkcqao* =hh p]ncap skn`o ej pdaen opq`u ]na jkj)|j]h ej ]
ldn]oa ^qp r]nu ej sdapdan pdau ]lla]n ^abkna ]jkpdan skn` pd]p eo j]nnkshu bk_qoa` kn jkp* Bkn at]ilha( pda
skn` aRU3 eo jas bk_qoa` ejbkni]pekj ej pda oajpaj_a i=uoa o]e` AaRU3� ej pda ]bpanjkkjv qppana` ej naolkjoa
pk pda mqaopekj iSd]p `e` =uoa o]u ej pda ]bpanjkkj;v* Kj pda kpdan d]j`( aRU3 eo ^]_gcnkqj` ejbkni]pekj
pd]p eo jkp bk_qoa` ej pda oajpaj_a iJk* =uoa c�C0 Ankla� ej pda ]bpanjkkj( oda `e`j�p saCj3 epv ej naolkjoa
pk pda mqaopekj i@e` =uoa snepa Ankla� ej pda ]bpanjkkj;v* Rkcah ap ]h* $.,-2% |j` pd]p opnaooa` ouhh]^hao ej
Dqjc]ne]j d]ra decdan B, kjhu sdaj bk_qoa` ]j` pd]p pda a{a_p kb opnaoo kj `qn]pekj ]j` B, ej opnaooa` ouhh]^hao
eo ajd]j_a` qj`an bk_qo ej Cnaag* Kj pda kpdan d]j`( bk_qo ej Pqngeod ej`q_ao ] hksanejc a{a_p kj B, ej pda
opnaooa` |j]h ouhh]^ha nah]pera pk epo jkj)bk_qoa` _kqjpanl]np* Pdau oqccaop pd]p pdeo l]ppanj na}a_po ] ldn]oa
^kqj`]nu bkhhksejc ] bk_qoa` skn` ej Pqngeod* Pda Rkcah ap ]h* $.,-2% naoqhpo `aikjopn]pa pda ejpan]_pekj kb
bk_qo sepd ^kpd lkop)hate_]h lnkiejaj_a ]j` lnkok`e_ ldn]oejc( ^kpd kb sde_d i]ga pda ar]hq]pekj kb pda
]_kqope_ _knnah]pao kb skn` opnaoo `e{e_qhp $oaa ]hok( bkn at]ilha( >a_gi]j ]j` Leannadqi^anp -542 kj F]l]jaoa(
G]janr] -55, kj ?de_dasƍ]( D]uao ]j` H]dene -55- kj >ajc]he( Fqj .,,1 kj Gkna]j%*

Pa]oejc ]l]np ldn]o]h lnkiejaj_a bnki skn`)harah lnkiejaj_a eo ikna oq^pha pd]j ianahu ajoqnejc pda
p]ncap skn` eo jkp _kjpn]operahu bk_qoa`* =hpdkqcd iap]hejcqeope_ _]nnean ldn]oao hega iE o]u [[[[[[ ]c]ejv odeah`
pda p]ncap skn` bnki pda necdp a`ca kb pda ldn]oa( pda p]ncapo ej oq_d ldn]oao ]na ejr]ne]^hu jas ejbkni]pekj ]j`
eilhe_ephu _kjpn]opa` sepd a]_d kpdan( i]gejc ] lkop)hate_]h lnkiejaj_a kj pda skn` hegahu* Ej b]_p( ej pdaen opq`u
kb Ajcheod opnaoo( Lh]c ap ]h* $.,--% _h]ooebu pda _kj`epekj ej sde_d pda p]ncap eo ai^a``a` ej pda _]nnean ldn]oaiOda o]e` [[[[[[ ]c]ejv ]o pda A]__ajpa`� _kj`epekj( sde_d pdau _kjpn]op sepd ]j Aqj]__ajpa`� _kj`epekj ej
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oajpaj_ao sepd j]nnks bk_qo kj ]jkpdan skn`* Pda o]ia _kjpatp pd]p eo ailhkua` pk ahe_ep pda bk_qoa` _kj`epekj
ej pda Lh]c apႊ]h* opq`u eo pdqo pda kja qoa` pk pneccan pda jkj)bk_qoa` _kj`epekj ej i]ju kpdan opq`eao*

Pdana ]na kjhu oaraj opq`eao ej pda `]p]^]oa pd]p ailhku ] _kj`epekj ej sde_d pda p]ncap eo _ha]nhu jkj)
bk_qoa`* Pdaoa opq`eao ]na jkp qjebkni( dksaran( ej pda opn]pacu pdau ]`klp pk ajoqna pda p]ncap eo jkp bk_qoa`7
ep eo _kj_aer]^ha pd]p pda `e{anajp `abk_qoejc _kjopnq_pekjo _kqh` ej`q_a pdaen ksj lnkiejaj_a)ajd]j_ejc kn
oqllnaooejc a{a_po( a*ႊc* lkop)bk_]h _kilnaooekj $a*ႊc* >nq_a -54. kj Osa`eod( ?kklan ap ]h* -541 kj Ajcheod(
BŊnu ]j` GǢchan .,,4 kj Cani]j( O]`]p)Padn]je .,,4 kj Lanoe]j ]j` Pe^ap]j( Haa ]j` Tq .,-, kj Gkna]j( ]j`
S]jc ap ]h* .,-- kj Qucdqn%*0

Pda lkpajpe]h _kj}]pekj kb lkop)hate_]h pkj]h arajpo sepd skn`)harah opnaoo `kao jkp ia]j pd]p opq`eao pd]p
_kjbkqj` pda psk okqn_ao kb lnkiejaj_a ]na _kilhapahu qjejbkni]pera* =p ha]op ej h]jcq]cao pd]p atde^ep ]
lkop)hate_]h pkj]h arajp pd]p eo nabanna` pk ]o ] #lep_d ]__ajp#( pda pkj]h arajp $lan `a|jepekj% `k_go kj ouhh]^hao
_]nnuejc skn` opnaoo* Ej pdaoa _]oao( lnkiejaj_a kj ] l]npe_qh]n ouhh]^ha ej eokh]pekj eo oqccaopera kb lnei]nu
skn` opnaoo kj pd]p ouhh]^ha*

Ej olepa kb pda b]_p pd]p lkop)hate_]h pkj]h arajpo kbpaj _k)k__qn sepd skn` opnaoo ej i]ju sahh)`ao_ne^a` h]j)
cq]cao( kja odkqh` jaranpdahaoo atan_eoa _]qpekj sdaj ]ooqiejc ] l]npe_qh]n i]llejc kb ldn]oa)harah lnkie)
jaj_a ]j` skn` opnaoo* =hpdkqcd pkj]h arajpo oq_d ]o lep_d ]__ajpo ]na pule_]hhu ]ooecja` ej i^kppki)qlv b]od)
ekj `k_gejc kj pda lnei]nu opnaooa` ouhh]^ha kb ] skn`( pdana ]na i]ju lnkok`e_ ouopaio pd]p atde^ep pkj]h
arajpo pd]p hkkg hega lep_d ]__ajpo ^qp `k jkp odks pda o]ia pailkn]h _k)k__qnnaj_a sepd opnaooa` ouhh]^hao* Ej
?de_g]o]s( ldn]o]h ]__ajp ]ooecjiajp klan]pao knpdkckj]hhu pk skn`)harah opnaoo( ha]`ejc pk _]oao ej mqaopekj
ldn]oao ej sde_d ] ouhh]^ha pd]p eo qjopnaooa` ]p pda skn`)harah _]nneao ] pkj]h arajp $Ckn`kj .,,/%* iPkl)`ksjv
pkj]h lh]_aiajp ej ?de_g]o]s pdqo `aikjopn]pao pda lkpajpe]h lepb]hho kb qoejc ldn]o]h ]__ajpo pk `e]cjkoa skn`
opnaoo* Ikna cajan]hhu( pda hejg ^apsaaj ldn]o]h ]__ajp ]j` skn` opnaoo _kiikjhu ]ooqia` naheao kj ] l]npe_)
qh]n ejpanlnap]pekj kb ejpkj]pekj]h arajpo pd]p i]u ]p ha]op ej l]np ^a ]j ]npeb]_p kb pdaknape_]h ^e]oao opaiiejc
bnki b]iehe]nepu sepd ikna pdknkqcdhu opq`ea` $pule_]hhu Aqnkla]j% h]jcq]cao* ?anp]ej _]oao i]u ^a klaj pk
na)ejpanlnap]pekj ej `e{anajp panio iq_d hega okia iopnaoov h]jcq]cao( a*ႊc* Ej`kjaoe]j $Cka`ai]jo ]j` r]j
V]jpaj .,,3%( d]ra ^aaj na)]j]huva` ]o ejpkj]pekj)kjhu h]jcq]cao*

Bqnpdanikna( araj ej h]jcq]cao ej sde_d ldn]o]h ]__ajpo `e]cjkoa skn` opnaoo hk_]pekj( _qao pk skn` opnaoo
]na jkp ja_aoo]nehu amqer]hajp pk pdkoa ]ook_e]pa` sepd ldn]o]h ]__ajp* Skn` opnaoo ]j` ldn]o]h ]__ajp i]u
`eranca ]_kqope_]hhu( ]o odksj ej opq`eao kb oaran]h h]jcq]cao ej sde_d B, eo ] ikna nahe]^ha _knnah]pa kb ldn]o]h
]__ajp pd]j skn` opnaoo sdaj ldn]o]h lkoepekj eo _kjpnkhha` bkn( a*ႊc* Dqoo $-534% kj =iane_]j Ajcheod( Ohqefpan
]j` R]j Daqraj $-552% kj @qp_d( Dejpv $.,,2% kj Okqpd ?kj_dq_ko Mqa_dq] $.,,2%( Knpac])Hha^]ne] $.,,2% kj
Ol]jeod( ]j` Cqekj ap ]h* $.,-,% kj >]ho]o J]dq]ph*

Pda qlodkp eo pd]p sepdkqp `ap]eha` gjksha`ca kb dks ] h]jcq]ca lnkok`e_]hhu aj_k`ao `eo_kqnoa nah]pekjo
]j` pda j]pqna kb epo pkj]h arajpo( pda ]ooaooiajp kb pda okqn_a kb ]_kqope_ lnkiejaj_a nai]ejo `e{e_qhp*

Becqna / ehhqopn]pao pda `eopne^qpekj kb opq`eao qoejc h]^ olaa_d ]__kn`ejc pk pda ldn]o]h lkoepekj kb pda
p]ncap skn` ]j` pda ]__ajpq]h _kjpatp* Ikop opq`eao lnkre`a` ejbkni]pekj kj pda p]ncap skn` lkoepekj $]hh ^qp
-,%* Ikop opq`eao aepdan _kjpnkhha` bkn ldn]oa lkoepekj ^u qoejc opeiqhe sepd p]ncap skn`o ej ^kpd |j]h ]j`
jkj)|j]h lkoepekjo $--% kn qoa` opeiqhe ej jkj)|j]h lkoepekj $1/%* Dksaran( kb pdaoa 20 opq`eao( -. opq`eao `e`
jkp lnkre`a ]ju bqnpdan ejbkni]pekj kj lkpajpe]h _kjbkqj`o `qa pk pkj]h arajpo ]ook_e]pa` sepd ejbkni]pekj
opnq_pqna $cnaaj ^]no%* =jkpdan // opq`eao qoa` aepdan p]ncap skn`o ej ]__ajpa` lkoepekjo kn _kjpatpo ej sde_d pda
p]ncap skn`o sana atlhe_ephu _kjpn]opa` $na` ^]no%* Ej pdaoa _]oao( pda lkooe^ehepu pd]p pda k^oanra` lnkiejaj_a
l]ppanjo ]na _kjbkqj`a` sepd lkop)hate_]h lnkiejaj_a _]jjkp ^a nqha` kqp* Ej pqnj( pdeo ha]rao qo sepd -5 kqp kb
41 opq`eao $..ႇ!%( pd]p ^kpd _kjpnkhha` bkn ldn]o]h lkoepekj ]j` ]ooqia` lkop)hate_]h lnkiejaj_a `qa pk ]__ajp*
Pdqo( ] oq^op]jpe]h jqi^an kb opq`eao ej kqn oqnrau ]na _d]n]_paneva` ^u atlaneiajp]h `aoecj _dke_ao pd]p i]ga
]j ejpanlnap]pekj kb pdaen naoqhpo sepd nac]n` pk skn` opnaoo `e{e_qhp*

7C<na3 k- Jqi^an kb opq`eao ]o ] bqj_pekj kb p]ncap skn` lkoepekj $u)]teo% ]j` ]__ajp ejbkni]pekj $_khkn _k`a`% sepdej
$oq^)% opq`eao qoejc h]^ olaa_d* Jkpa pd]p opq`eao qoejc ikna pd]j kja _kjpatp ]na ej_hq`a` ej _kqjpo kb ]hh nahar]jp _]pa)
ckneao*
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= _nq_e]h `aoe`an]pqi bkn ]ju ^ad]rekn]h opq`u( ej_hq`ejc pdkoa kb ]_kqope_ _knnah]pao kb opnaoo( eo pda qoa kb ]
h]nca ajkqcd o]ilha pk _kj|`ajphu ejban pd]p pda naoqhpo na}a_p pda ^nk]`an lklqh]pekj kb ola]gano kb ] h]j)
cq]ca ^aukj` pdkoa _kjpne^qpejc pda `]p] bkn pda l]npe_qh]n opq`u* =``epekj]hhu( ] oq{e_eajp o]ilha kb hate_]h
epaio eo ]hok eilknp]jp pk ajoqna pda cajan]hev]^ehepu kb pda k^p]eja` |j`ejco ^aukj` pda na_kn`a` skn`o $a*ႊc*
?h]ng -53/%* =jkpdan ]ola_p kb pda `aoecj pd]p ]{a_po pda _kj|`aj_a sepd sde_d sa ]na ]^ha pk aopei]pa ] nal)
naoajp]pera a{a_p eo pda jqi^an kb na_kn`a` ejop]j_ao $nabanna` pk ]o nalapepekjo% kb ] l]npe_qh]n skn` lnk`q_a`
^u ] l]npe_qh]n ola]gan*

=o Becqna 0 odkso( opq`eao ej pda `]p]^]oa r]nu _kjoe`an]^hu ej pda jqi^an kb ola]gano( hate_]h epaio( ]j`
nalapepekjo*

7C<na3 :- Jqi^an kb ola]gano $pkl l]jah( ^ej se`pd 9 -%( skn`o $ie``ha l]jah( ^ej se`pd 9 -,%( ]j` nalapepekjo $^kppki
l]jah( ^ej se`pd 9 -% nalnaoajpa` ej $oq^)% opq`eao ej pda `]p]^]oa*

Pda i]fknepu kb opq`eao ailhku `]p] bnki ^apsaaj kja ]j` paj ola]gano ^qp r]nu se`ahu sepdej pdeo n]jca*
Kj pda kpdan d]j`( pda ik`a $., opq`eao% eo ] oejcha ola]gan* Pda aecdp opq`eao ej_hq`ejc `]p] bnki ikna pd]j
-, ola]gano n]jca bnki -. ola]gano ej pda opq`u ^u Bnu $-511% kj =iane_]j Ajcheod ]j` ej pda opq`u ^u Aranapp
$-554% kj Len]dĢ pk 0- ej pda skng ^u Haodk $.,-/% kj ?]repa ?d]^]_]jk*

Ep eo ejpanaopejc pk jkpa pd]p kjhu bkqn opq`eao na]_d pda `aoena` p]ncap kb oet ola]gano kb a]_d caj`an oqc)
caopa` ^u H]`abkca` $-5536 -0,% ej deo na_kiiaj`]pekjo bkn ldkjape_ |ah`skng* Nkqcdhu 02ႇ! $1- kb --,% kb
pda oqnraua` opq`eao ejrkhra ]p ha]op oet ola]gano( sde_d H]`abkca` nac]n`o ]o pda ]^okhqpa iejeiqi jqi^an
ja_aoo]nu*

Ep odkqh` ^a aild]oeva`( dksaran( pd]p H]`abkca`�o na_kiiaj`]pekjo ]na jkp ^]oa` kj op]peope_]h _kjoe`)
an]pekjo* Pda iejeiqi o]ilha oeva ]hhksejc bkn op]peope_]h ejbanaj_a ^aukj` pda paopa` o]ilha `alaj`o h]ncahu
kj op]peope_]h lksan( ] `eiajoekj ej`alaj`ajp bnki oecje|_]j_a $bkn ] na_ajp kranreas sepd nac]n` pk hejcqeope_
naoa]n_d( oaa R]oeodpd ]j` Je_aj^kei .,-2 kn Gen^u ]j` Okj`anaccan%* =ooaooejc lksan eo ikna `e{e_qhp pd]j
]ooaooejc oecje|_]j_a ^a_]qoa ep `alaj`o kj iqhpelha b]_pkno ej_hq`ejc pda pnqa $kn atla_pa`% a{a_p oeva( pda
o]ilha oeva( ]j` pda `acnaa kb r]ne]^ehepu* Bkn kja( pda a{a_p oeva ]j` epo r]ne]^ehepu ]na opnkjc `apaniej]jpo
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kb dks h]nca ] o]ilha odkqh` ^a pk aj]^ha op]peope_]hhu nk^qop ejbanaj_ao kran ] ola]gan lklqh]pekj kn ] h]j)
cq]ca�o hate_kj $kn ^kpd%* Pda r]ne]^ehepu kb ]j a{a_p( o]u ] `qn]pekj]h `e{anaj_a( eo bqnpdan `alaj`ajp kj pda
r]ne]^ehepu kb pda ia]oqnaiajp* Olaa_d `]p] ]na ranu jkeou ]j` `alaj`ajp qlkj i]ju b]_pkno* ?kjpnkhhejc bkn
_kjbkqj`ejc b]_pkno eo kja s]u kb na`q_ejc r]ne]^ehepu* Olkjp]jakqo olaa_d eo pdqo cajan]hhu atla_pa` pk ueah`
ikna r]ne]^ha `]p] `qa pk pda h]nca jqi^an kb _kjbkqj`ejc b]_pkno $decdan harah lnkok`e_ opnq_pqna( ejpkj]pekj(
oujp]t( ap_*%*

=jkpdan s]u pk na`q_a r]ne]^ehepu ]j` pk ]_deara ] ^appan aopei]pa kb pda a{a_p eo pk ej_na]oa k^oanr]pekjo
bkn ] oejcha ola]gan* Naoa]n_dano qoq]hhu ej_hq`a i]ju hate_]h epaio bkn ] ikna lna_eoa aopei]pa kb pda ]_kqope_
l]ppanjo kb ] l]npe_qh]n ola]gan* Pdeo( ej b]_p( iecdp na`q_a r]ne]^ehepu ]ppne^qpa` pk pda h]nca r]ne]^ehepu ]_nkoo
skn`o( pdana^u aj]^hejc ] ^appan aopei]pa kb pda ^ad]rekn kb pda olaa_d _kiiqjepu* Hkkgejc ]p Becqna 0( pda
i]fknepu kb opq`eao ej kqn _knlqo qoa ^apsaaj - ]j` 0, `e{anajp hate_]h epaio* @alaj`ejc kj dks ] hate_]h epai
s]o `a|ja` $skn` pula kn skn` bkni% ]j` pda _knlqo $h]^ olaa_d ro* olkjp]jakqo olaa_d%( okia opq`eao hkkg
]p i]ju dqj`na`o kb skn`o*

Oeieh]nhu( iqhpelha nalapepekjo kb pda o]ia hate_]h epai ]hhks bkn ] ikna lna_eoa aopei]pa kb pda nalnaoajp]pera
]_kqope_ bkni kb ] ola_e|_ skn` ]j` pdqo na`q_ao r]ne]^ehepu( ]c]ej aj]^hejc ] ^appan aopei]pa kb pda pnqa a{a_p
ej pda lklqh]pekj* Opq`eao r]nu se`ahu ej nalapepekj _kqjp n]jcejc bnki kja $sdana kja nalapepekj nabano pk
kjhu kja ejop]j_a kb ] skn`% ej i]ju opq`eao pk .. ej pda ?]h`a_kpp $.,,5% opq`u kb Op�ěp�ei_apo* Ep eo ]ll]najp ej
Becqna 0 pd]p pda i]fknepu kb opq`eao qoa ^apsaaj - ]j` 2 nalapepekjo sepd ] oejcha nalapepekj ^aejc ikop _kiikj
$/1 opq`eao%* =j ]`r]jp]ca pk na_kn`ejc ikna pd]j kja pkgaj eo pd]p ep ]hhkso bkn pda lkooe^ehepu kb `eo_]n`ejc
pkgajo ]ook_e]pa` sepd `uo}qaj_u kn kpdan hk_]heva` lnk^haio sepd pda na_kn`ejc* Kj pda kpdan d]j`( ] h]nca
_knlqo _kjoeopejc kb i]ju `e{anajp hate_]h epaio ajoqnao pd]p pda at]ieja` skn`o ]na nalnaoajp]pera kb pdkoa
ej pda h]jcq]ca*

��� $PSQVT DPNQPTJUJPO

Pda eooqa kb hate_]h ^na]`pd ej ] _knlqo eo ]j eilknp]jp kja pd]p d]o na_aera` odknp odnebp ej pda opnaoo hepan]pqna*
Ej ]``naooejc pda lkpajpe]h okqn_a kb `eo_nal]j_eao ^apsaaj pda naoqhpo kb pdaen opq`u kb P]odhdeup ]j` pdkoa kb
Ckn`kj ]j` J]| $.,-.%( Nkappcan ap ]h* $.,-17 oaa ]hok Nkappcan ]__alpa` bkn ] `ap]eha` ]j]huoeo% oqccaop pd]p ]
ogasejc ej b]rkn kb skn`o _kjoeopejc kb ] hecdp ouhh]^ha bkhhksa` ^u da]ru ouhh]^ha i]u d]ra _kjpne^qpa` pk pda
are`aj_a bkn |j]h lnkiejaj_a ej pda Ckn`kj ]j` J]| opq`u* Ej ] nah]pa` raej( opq`eao kb Pqngeod $Hare .,,17
Lu_d] .,,27 Rkcah ap ]h* .,-2% ej`e_]pa ] `e{anaj_a ej pda ]_kqope_ atlkjajpo kb opnaoo ^apsaaj skn`o sepd at_al)
pekj]h lajqhpei]pa opnaoo ro* pdkoa sepd `ab]qhp |j]h opnaoo* Pdaoa opq`eao oqccaop pd]p _knlkn] odkqh` ej_hq`a
oq{e_eajphu `eranoa skn` opnq_pqnao pk qj_kran lkpajpe]h ejpan]_pekjo ^apsaaj skn` pula ]j` pda i]jebaop]pekj
kb lnkiejaj_a*1

=jkpdan nah]pa` eooqa eo sdapdan _kil]neokjo ^apsaaj opnaooa` ]j` qjopnaooa` ouhh]^hao ]na oujp]ci]pe_(
e*ႊa* ejrkhra _kil]neokjo sepdej skn`o( kn l]n]`eci]pe_( e*ႊa* ejrkhra _kil]neokjo ]_nkoo skn`o* Pda a{a_po kb
] _kjbkqj`ejc r]ne]^ha lkpajpe]hhu _na]pa `e{anaj_ao ^apsaaj pda psk pulao kb _kil]neokjo* Bkn at]ilha( ej
pdaen opq`u kb Da^nas( Oeh^an)R]nk` ap ]h* $.,-2% k^oanra ]j ejpan]_pekj ^apsaaj lkoepekj kb pda ouhh]^ha ]j`
pda na]hev]pekj kb opnaoo $oaa ]hok Pqki]ejaj ap ]h* -555 bkn ] oeieh]n ejpan]_pekj ej Bejjeod%* @eouhh]^e_ skn`o
sepd |j]h opnaoo d]ra decdan B, kj pda opnaooa` |j]h ouhh]^ha( sdana]o `eouhh]^e_ skn`o sepd lajqhpei]pa opnaoo
d]ra IRs3a B, kj pda opnaooa` lajqhp* Pdeo naoqhp ]ikqjpo pk ]j a{a_p kb ouhh]^ha lkoepekj kj B, r]hqao oq_d pd]p
pda |j]h ouhh]^ha d]o decdan r]hqao pd]j pda lajqhp*2 >u _kil]nejc opnaooa` ]j` qjopnaooa` ouhh]^hao ]_nkoo
skn`o sepd `e{anajp opnaoo lkoepekjo( Oeh^an)R]nk` ap ]h* $.,-2% e`ajpe|a` pdeo a{a_p( sde_d skqh` d]ra kpdanseoa
ao_]la` jkpe_a eb pdaen opq`u d]` ej_hq`a` kjhu ejpn]skn` _kil]neokjo*

� 3FDPNNFOEBUJPOT GPS CFTU QSBDUJDF

Ej pdeo oa_pekj( sa qoa pda iapdk`khkce_]h r]ne]pekj k^oanra` ej ] oqnrau kb --, $oq^)% opq`eao ]o ] olnejc^k]n`
bkn lnklkoejc na_kiiaj`]pekjo bkn bqpqna naoa]n_d kj skn` opnaoo* Pdaoa na_kiiaj`]pekjo oqnnkqj` pdnaa
gau `aoecj ]ola_po6 pda pn]jol]naj_u kb pda atlaneiajp]h `aoecj( pda olaa_d i]pane]h( ]j` pda o]ilha oeva* Bkn
na_kiiaj`]pekjo _kj_anjejc ejopnqiajp]pekj( a*ႊc* ie_nkldkjao( na_kn`ejc amqeliajp( |ha bkni]p( ap_*( pda
na]`an eo nabanna` pk H]`abkca` $-553( .,,/%( >ksanj $.,,4%( >qp_dan $.,-/%( ?dahhe]d ]j` @a Naqoa $.,--%( ]j`
I]``eaokj $.,,-% *

Benop( pda oqnrau _kjp]ejo i]ju opq`eao h]_gejc oq{e_eajp iapdk`khkce_]h `ap]eho pk ]hhks bkn aepdan ar]hq])
pekj kn nalhe_]pekj* L]npe_qh]nhu _nq_e]h kieooekjo ej oaran]h opq`eao ej_hq`a pda ldn]o]h lkoepekj ]j` ejpkj]pekj]h
_kjpatp ej sde_d p]ncap skn`o sana qppana`* =o ] iejeiqi namqenaiajp( bqpqna opq`eao kb opnaoo odkqh` pdqo
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i]ga atlhe_ep $pk pda atpajp lkooe^ha% pda ldn]o]h ]j` ]__ajpq]h opnq_pqna kb pdaen olaa_d i]pane]h $ej ]``epekj(
kb _kqnoa( pk kpdan nahar]jp iapdk`khkce_]h `ap]eho( a*ႊc* _knlqo oeva( jqi^an kb nalapepekjo ]j` ola]gano( ap_*%*

Oa_kj`( ep eo eilan]pera pk _kjpnkh bkn _kjpatp pk ajoqna pd]p pda naoqhpo na}a_p cajqeja skn` opnaoo n]pdan
pd]j ldn]o]h lnkiejaj_a* P]ncap skn`o qppana` ej eokh]pekj i]ga ep `e{e_qhp pk `eoajp]jcha skn` opnaoo bnki
ldn]oa)harah lnkiejaj_a* Iknakran( p]ncap skn`o odkqh` ^a naikra` bnki ldn]o]h ^kqj`]neao pk ]rke` _kj)
bkqj`o ]ppne^qpa` pk aepdan ^kqj`]nu)]ook_e]pa` opnajcpdajejc kn pkj]h arajpo* Bej]hhu( ejpkj]pekj]h opnq_pqna
odkqh` ^a _kjpnkhha` bkn( ^u aepdan lqppejc p]ncap skn`o ej ]j qj]__ajpa` lkoepekj kn ^u at]iejejc ^kpd ]_)
_ajpa` ]j` qj]__ajpa` lkoepekjo* Kjhu -5 h]^ olaa_d opq`eao ej kqn _knlqo ]rke`a` pdaoa _kjbkqj`o ]hpkcapdan
^u _kjpnkhhejc bkn ldn]o]h ]j` ]__ajpq]h opnq_pqna* =jkpdan _kjoe`an]pekj eo pda _kil]n]^ehepu kb pda oaciajpo
p]ncapa` bkn ia]oqnaiajp oej_a lnklanpeao oq_d ]o rksah mq]hepu( _kjokj]jp pula( oqnnkqj`ejc okqj`o( ]j`
ouhh]^ha opnq_pqna ]hh lkpajpe]hhu eil]_p _kiikj ]_kqope_ `e]cjkope_o kb opnaoo*

Pden`( ] o]ilha iqop ^a oq{e_eajphu h]nca pk ejban pd]p naoqhpo na}a_p pda ^nk]`an lklqh]pekj kb ola]gano* =
oq{e_eajp o]ilha kb hate_]h epaio eo ]hok eilknp]jp pk ajoqna pda cajan]hev]^ehepu kb pda k^p]eja` |j`ejco ^aukj`
pda na_kn`a` skn`o $a*ႊc* ?h]ng -53/7 Sejpan .,--7 Fq`` ap ]h* .,-.%* Pda _dke_a kb pda o]ilha oeva eo qhpei]pahu
] mqaopekj kb op]peope_]h lksan $R]oeodpd ]j` Je_aj^kei .,-2 kn Gen^u ]j` Okj`anaccan ej lnaoo%* Lnklanpeao
pd]p `apanieja op]peope_]h lksan ]na pda $pnqa% a{a_p oeva( o]ilha oeva( ]j` `acnaa kb r]ne]^ehepu* Na`q_pekj kb
r]ne]^ehepu _]j ^a ]_deara` ^u _kjpnkhhejc bkn kpdan b]_pkno ejpanbanejc sepd ia]oqnaiajpo ]j` ^u ej_na]oejc pda
jqi^an kb k^oanr]pekjo pdnkqcd ]``epekj]h skn`o ]j`+kn nalapepekjo* Eb pda a{a_p oeva ]j` epo r]ne]^ehepu _]j
^a aopei]pa` bnki lnarekqo opq`eao( op]peope_]h lksan _]j ^a aopei]pa` ej kn`an pk `apanieja namqena` o]ilha
oeva $oaa Gen^u ]j` Okj`anaccan ej lnaoo%* ?kjoamqajphu( araj eb okia opq`eao ej kqn _knlqo nai]ej ]ja_`kp]h(
e*ႊa* `k jkp ]hhks bkn op]peope_]h ejbanaj_a kran ] ^nk]`an lklqh]pekj( pdau iecdp ]hhks qo pk cajan]pa dulkpdaoao
]j` nalnaoajp r]hq]^ha `al]npqna lkejpo bkn bqnpdan ejraopec]pekjo*

Ej oqii]nu( sa dkla pd]p pdaoa na_kiiaj`]pekjo ^]oa` kj ar]hq]pekj kb ] oqnrau kb ]_kqope_ opq`eao sehh
aj_kqn]ca ikna _]nabqh atlaneiajp]h `aoecjo ej bqpqna opq`eao* Bkhhksejc pdaoa na_kiiaj`]pekjo ]o iq_d
]o lkooe^ha ceraj pda _kjopn]ejpo kb ] l]npe_qh]n opq`u sehh hegahu ha]` pk ikna cajan]hev]^ha naoqhpo sepdej ]
h]jcq]ca ]j` pk pulkhkce_]h `]p] pd]p ]na a]oean pk _kil]na* Ep eo dkla` pd]p pdeo l]lan ^nejco pda nahar]j_a kb
atlaneiajp]h `aoecj pk pda ]ppajpekj kb pulkhkceopo( ldkjape_e]jo( ]j` ldkjkhkceopo( ]j` pd]p ep aj_kqn]cao ]
najasa` ejpanaop ej atlaneiajp]h iapdk`o ]j` op]peope_]h ]j]huoao*

"DLOPXMFEHNFOUT

Pda ]qpdkno pd]jg Odecapk G]s]d]n]( ]j ]jkjuikqo nareasan( ]j` pda @al]npiajp kb Ldkjape_o ej ?khkcja
bkn pdaen dahlbqh _kiiajpo ]j` baa`^]_g kj ]j a]nhean ranoekj kb pdeo i]jqo_nelp* =ju nai]ejejc annkno kn
ieo_kj_alpekjo ]na kqn ksj*

/PUFT
-Pda _knlqo $ej bkni kb ] p]^ha% eo lq^he_]hhu ]r]eh]^ha kjheja ]p dpplo6++kob*ek+5n._`+ ]hkjcoe`a ] o_nelp pk nalnk`q_a naola_pera _kqjpo

lnaoajpa` ej pdeo i]jqo_nelp* Pk aop]^heod ] nahe]^ha ]j` ejbkni]pera _knlqo pd]p _]j ^a qoa` ej pda bqpqna( _epa` ]qpdkno ]na aj_kqn]ca`
pk oq^iep _knna_pekjo( eb sa d]ra ejpanlnapa` naola_pera ]ola_po kb pdaen iapdk` ]j`+kn naoqhpo ej_knna_phu* Bqnpdan( sa skqh` hega pk ejrepa
o_dkh]no pd]p d]ra lq^heoda` skng kj skn` opnaoo pd]p eo jkp hkcca` ej pda lnaoajp _knlqo pk od]na pdaen naoqhpo sepd qo bkn ej_hqoekj ej pda
`]p]^]oa*

.Pda _kjpnkhha` _kil]neokj kb p]ncap skn`o ej Nerean])?]opehhk ]j` Le_ganejc $.,,0% ejrkhrao skn`o ej |j]h lkoepekj( ]hpdkqcd pdau ]hok
ejraopec]pa ]hh ouhh]^hao ej ]jkpdan oap kb oajpaj_ao* =opnq_ ]j` Lneapk $.,,2% at]ieja ]__ajpa` ]j` qj]__ajpa` skn`o ej |j]h lkoepekj* Pda
psk Hadeopa apႊ]h* opq`eao $.,,1( .,,4% p]ncap skn`o ej ^kpd ldn]oa)|j]h ]j` oajpaj_a)|j]h lkoepekj*

/= oeieh]n ejpanbanaj_a kb ldn]o]h lep_d ]__ajp ]hok lkpajpe]hhu k^p]ejo bkn skn`o ej |j]h lkoepekj kb ] ldn]oa( ] lkoepekj pks]n` sde_d
lep_d ]__ajpo paj` pk cn]rep]pa ej ldn]oao h]_gejc j]nnks bk_qo $H]`` .,,4%* Pdana ]na nah]perahu bas opq`eao ej pda `]p]^]oa pd]p `k jkp
atlhe_ephu _kjpnkh bkn ]__ajp ^qp lkoepekj skn`o ej ldn]oa)|j]h lkoepekj* =ikjc pdaoa( kjhu Hadeopa ap ]h* $.,,1% kj Ia]`ks I]ne ]j`
Hadeopa ap ]h* $.,,4% kj Herkje]j |j` B, pk ^a ] _knnah]pa kb lnkiejaj_a*

0Ej psk opq`eao $?nkoosdepa .,,/ kj >qhc]ne]j ]j` Lkheod ]j` O]`acde .,-- kj Lanoe]j%( pda p]ncap skn` ]lla]no ej ] _]nnean ldn]oa ej
sde_d ]jkpdan skn` eo atlhe_ephu bk_qoa`( a*ႊc* iE o]u [[[[[[ �<�CNv sdana pda p]ncap ]lla]no ej lnabk_]h lkoepekj* Pda p]ncap ej oq_d ldn]oao
_kqh` opehh ^a eilhe_ephu bk_qoa` ^a_]qoa ep eo ouopai]pe_]hhu r]nea` sdeha pda ldn]oa eo dah` _kjop]jp* Pdaoa ]na _]packneva` ]o `a]__ajpa`
pk `eopejcqeod pdai bnki opq`eao ej sde_d pda _]nnean ldn]oa h]_go ]ju atlhe_ep bk_qo( ] _kjpatp ej sde_d pda neog kb eilhe_ep bk_qo kj pda
p]ncap eo cna]pan*

1Eb( dksaran( ola]gano lnk`q_a iqhpelha epaio( pda op]peope_]h ]j]huoeo iqop ]__kqjp bkn pdeo ejpnk`q_a` jkj)ej`alaj`aj_a $a*ႊc* ?h]ng
-53/% pk ]rke` op]peope_]hhu ieocqe`a` ejpanlnap]pekjo $Fq`` ap ]h* .,-.7 oaa ]hok Sejpan .,--( bkn ] ^neab `eo_qooekj kb pdeo eooqa ej ldkjape_
atlaneiajpo%*

2Hea^ani]j $-52,%( ?nkoosdepa $.,,/%( ]j` U]gql ]j` Oanajk $.,-2% ]hok nalknp `e{anajp naoqhpo ^apsaaj ejpn]skn` ]j` ejpanskn`
_kil]neokjo kb opnaooa` ]j` qjopnaooa` ouhh]^hao*
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3FGFSFODFT
"EJTBTNJUP�4NJUI /JLFO BOE "CJHBJM $� $PIO� ����� 1IPOFUJD DPSSFMBUFT PG QSJNBSZ BOE TFDPOEBSZ TUSFTT JO *OEPOFTJBO� " QSFMJNJOBSZ TUVEZ�

8PSLJOH QBQFST PG UIF $PSOFMM QIPOFUJDT MBCPSBUPSZ ��� �o���
"TUSVD -MVŵTB � 1JMBS 1SJFUP� ����� "DPVTUJD DVFT PG TUSFTT BOE BDDFOU JO $BUBMBO� 1SPDFFEJOHT PG �SE *OUFSOBUJPOBM $POGFSFODF PO 4QFFDI 1SPTPEZ

%SFTEFO (FSNBOZ�
#FDLNBO .BSZ� ����� 4USFTT BOE OPO�TUSFTT BDDFOU� %PSESFDIU� 'PSJT�
#FDLNBO .BSZ� ����� " UZQPMPHZ PG TQPOUBOFPVT TQFFDI� *O :PTIJOPSJ 4BHJTBLB /JDL $BNQCFMM � /PSJP )JHVDIJ 	FET�
 $PNQVUJOH QSPTPEZ�

$PNQVUBUJPOBM NPEFMT GPS QSPDFTTJOH TQPOUBOFPVT TQFFDI �o��� /FX :PSL� 4QSJOHFS 4DJFODF � #VTJOFTT .FEJB�
#FDLNBO .BSZ BOE +BO &EXBSET� ����� -FOHUIFOJOHT BOE TIPSUFOJOHT BOE UIF OBUVSF PG QSPTPEJD DPOTUJUVFODZ� *O +PIO ,JOHTUPO � .BSZ

#FDLNBO 	FET�
 1BQFST JO MBCPSBUPSZ QIPOPMPHZ * ���o���� $BNCSJEHF� $BNCSJEHF 6OJWFSTJUZ 1SFTT�
#FDLNBO .BSZ � +BOFU 1JFSSFIVNCFSU� ����� *OUPOBUJPOBM TUSVDUVSF JO +BQBOFTF BOE &OHMJTI� 1IPOPMPHZ :FBSCPPL �� ���o����
#FSLPWJUT 3PDIFMF� ����� 5IF FǯGFDU PG TQFBLJOH SBUF PO FWJEFODF GPS VUUFSBODF�lOBM MFOHUIFOJOH� 1IPOFUJDB ��� ��o���
#PMJOHFS %XJHIU -� ����� " UIFPSZ PG QJUDI BDDFOU JO &OHMJTI� 8PSE ��� ���o����
#PMJOHFS %XJHIU -� ����� $POUSBTUJWF BDDFOU BOE DPOUSBTUJWF TUSFTT� -BOHVBHF ��	�
� ��o���
#PXFSO $MBJSF� ����� -JOHVJTUJD lFMEXPSL� " QSBDUJDBM HVJEF� -POEPO� 1BMHSBWF .BDNJMMBO�
#SVDF (ƫTUB� ����� %FWFMPQJOH UIF 4XFEJTI JOUPOBUJPO NPEFM� -VOE 6OJWFSTJUZ %FQU� PG -JOHVJTUJDT 8PSLJOH 1BQFST ��� ��o����
#VUDIFS "OEZ� ����� 3FTFBSDI NFUIPET JO QIPOFUJD lFMEXPSL� *O .BSL +POFT � 3BDIBFM�"OOF ,OJHIU 	FET�
 5IF CMPPNTCVSZ DPNQBOJPO UP QIP�

OFUJDT ��o��� /FX :PSL� #MPPNTCVSZ 1VCMJTIJOH�
$BMEFDPUU .BSJBO� ����� /PO�FYIBVTUJWF QBSTJOH� 1IPOFUJD BOE QIPOPMPHJDBM FWJEFODF GSPN 4UȕěUȕJNDFUT� 6OJWFSTJUZ PG #SJUJTI $PMVNCJB� 1I�%�

EJTTFSUBUJPO�
$IFMMJBI 4IPCIBOB � 8JMMFN %F 3FVTF� ����� )BOECPPL PG EFTDSJQUJWF MJOHVJTUJD lFMEXPSL� /FX :PSL� 4QSJOHFS�
$IJBO 8FO�ZV � 'BOH�NFJ $IJBOH� ����� 4BJTJZBU BT B QJUDI BDDFOU MBOHVBHF� &WJEFODF GSPN BDPVTUJD TUVEZ PG XPSET� 0DFBOJD -JOHVJTUJDT ���

���o����
$IP 5BFIPOH� ����� 1SPTPEJD TUSFOHUIFOJOH BOE GFBUVSBM FOIBODFNFOU� &WJEFODF GSPN BDPVTUJD BOE BSUJDVMBUPSZ SFBMJ[BUJPOT PG �BJ�JO &O�

HMJTI� +PVSOBM PG UIF "DPVTUJDBM 4PDJFUZ PG "NFSJDB ���� ����o�����
$IP 5BFIPOH� ����� "O BDPVTUJD TUVEZ PG UIF TUSFTT BOE JOUPOBUJPOBM TZTUFN JO -BLIPUB� " QSFMJNJOBSZ SFQPSU� 4QFFDI 4DJFODFT ��� ��o��� 	1VC�

MJTIFE CZ 5IF ,PSFBO "TTPDJBUJPO PG 4QFFDI 4DJFODFT
�
$IP 5BFIPOH BOE 4VO�"I +VO� ����� %PNBJO�JOJUJBM TUSFOHUIFOJOH BT GFBUVSBM FOIBODFNFOU� "FSPEZOBNJD FWJEFODF GSPN ,PSFBO� $IJDBHP

-JOHVJTUJDT 4PDJFUZ ��� ��o���
$IP 5BFIPOH BOE 1BUSJDJB ,FBUJOH� ����� &ǯGFDUT PG JOJUJBM QPTJUJPO WFSTVT QSPNJOFODF JO &OHMJTI� +PVSOBM PG 1IPOFUJDT ��� ���o����
$IP 5BFIPOH BOE +BNFT .D2VFFO� ����� 1SPTPEJD JOǵMVFODFT PO DPOTPOBOU QSPEVDUJPO JO %VUDI� &ǯGFDUT PG QSPTPEJD CPVOEBSJFT QISBTBM

BDDFOU BOE MFYJDBM TUSFTT� +PVSOBM PG 1IPOFUJDT ��� ���o����
$IPJ )BOTPPL� ����� 1SPTPEZ�JOEVDFE BDPVTUJD WBSJBUJPO JO &OHMJTI TUPQ DPOTPOBOUT� 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM $POHSFTT PG 1IPOFUJD

4DJFODFT #BSDFMPOB 4QBJO ����o�����
$MBSL )FSCFSU )� ����� 5IF MBOHVBHF�BT�lYFE�FǯGFDU GBMMBDZ� " DSJUJRVF PG MBOHVBHF TUBUJTUJDT JO QTZDIPMPHJDBM SFTFBSDI� +PVSOBM PG 7FSCBM -FBSO�

JOH BOE 7FSCBM #FIBWJPS ��� ���o����
$PMF +FOOJGFS )BOTPPL $IPJ )FFKJO ,JN � .BSL )BTFHBXB�+PIOTPO� ����� 5IF FǯGFDU PG BDDFOU PO UIF BDPVTUJD DVFT UP TUPQ WPJDJOH JO 3BEJP

/FXT TQFFDI� 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM $POHSFTT PG 1IPOFUJD 4DJFODFT #BSDFMPOB 4QBJO� ���������
$PPQFS "� ����� (MPUUBM HFTUVSFT BOE BTQJSBUJPO JO &OHMJTI� 1I% EJTTFSUBUJPO :BMF 6OJWFSTJUZ �
$PPQFS 8JMMJBN &� 4UFQIFO +� &BEZ � 1BNFMB 3 .VFMMFS� ����� "DPVTUJDBM BTQFDUT PG DPOUSBTUJWF TUSFTT JO RVFTUJPO�BOTXFS DPOUFYUT� +PVSOBM PG

UIF "DPVTUJDBM 4PDJFUZ PG "NFSJDB ��� ����o�����
$SPTTXIJUF ,BUIFSJOF� ����� 4QFDUSBM UJMU BT B DVF UP XPSE TUSFTT JO 1PMJTI .BDFEPOJBO BOE #VMHBSJBO� 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM

$POHSFTT PG 1IPOFUJD 4DJFODFT #BSDFMPOB 4QBJO ���o����
%F +POH ,FOOFUI � #VTISB "EOBO ;BXBZEFI� ����� 4USFTT EVSBUJPO BOE JOUPOBUJPO JO "SBCJD XPSE�MFWFM QSPTPEZ� +PVSOBM PG 1IPOFUJDT ���

�o���
&EXBSET +BO .BSZ #FDLNBO � +BOFU 'MFUDIFS� ����� 5IF BSUJDVMBUPSZ LJOFNBUJDT PG lOBM MFOHUIFOJOH� +PVSOBM PG UIF "DPVTUJDBM 4PDJFUZ PG "NFSJDB

��� ���o����
&WFSFUU ,FSFO� ����� 5IF BDPVTUJD DPSSFMBUFT PG TUSFTT JO 1JSBIĢ� +PVSOBM PG "NB[POJBO -BOHVBHFT �	�
� ���o����
'ŊSZ $BSPMJOF � 'SBOL ,ǢHMFS� ����� 1JUDI BDDFOU TDBMJOH PO HJWFO OFX BOE GPDVTFE DPOTUJUVFOUT JO (FSNBO� +PVSOBM PG 1IPOFUJDT ��� ���o����
'SZ %FOOJT #� ����� %VSBUJPO BOE JOUFOTJUZ BT QIZTJDBM DPSSFMBUFT PG MJOHVJTUJD TUSFTT� +PVSOBM PG UIF "DPVTUJDBM 4PDJFUZ PG "NFSJDB ��� ���o����
'SZ %FOOJT #� ����� &YQFSJNFOUT JO UIF QFSDFQUJPO PG TUSFTT� -BOHVBHF BOE 4QFFDI �� ���o����
(PFEFNBOT 3PC � &MMFO WBO ;BOUFO� ����� 4USFTT BOE BDDFOU JO *OEPOFTJBO� -05 0DDBTJPOBM TFSJFT �� ��o���
(PO[BMF[ "OESFX� ����� "DPVTUJD DPSSFMBUFT PG BDDFOU SIZUIN BOE JOUPOBUJPO JO 5BHBMPH� 1IPOFUJDB ��� ��o���
(PSEPO .BUUIFX� ����� 5IF QIPOPMPHZ PG QJUDI BDDFOU QMBDFNFOU JO $IJDLBTBX� 1IPOPMPHZ ��� ���o����
(PSEPO .BUUIFX� ����� %JTFOUBOHMJOH TUSFTT BOE QJUDI BDDFOU� 5PXBSE B UZQPMPHZ PG QSPNJOFODF BU EJǯGFSFOU QSPTPEJD MFWFMT� *O )FOSZ WBO

EFS )VMTU 	FET�
 8PSE TUSFTT� 5IFPSFUJDBM BOE UZQPMPHJDBM JTTVFT ��o���� $BNCSJEHF� $BNCSJEHF 6OJWFSTJUZ 1SFTT�
(PSEPO .BUUIFX � "ZMB "QQMFCBVN� ����� "DPVTUJD DPSSFMBUFT PG TUSFTT JO 5VSLJTI ,BCBSEJBO� +PVSOBM PG UIF *OUFSOBUJPOBM 1IPOFUJD "TTPDJBUJPO

��� ��o���
(PSEPO .BUUIFX � -BUJGB /Bl� ����� 5IF BDPVTUJD DPSSFMBUFT PG TUSFTT BOE QJUDI BDDFOU JO 5BTIMIJZU #FSCFS� +PVSOBM PG 1IPOFUJDT ��� ���o����
(PSEPO .BUUIFX � 5JNP #� 3PFUUHFS� 5IJT JTTVF� "DPVTUJD DPSSFMBUFT PG XPSE TUSFTT� " DSPTT�MJOHVJTUJD TVSWFZ�
(SJDF .BSUJOF 4UFGBO #BVNBOO � 3BMG #FO[NǢMMFS� ����C� (FSNBO JOUPOBUJPO JO BVUPTFHNFOUBM�NFUSJDBM QIPOPMPHZ� *O 4VO�"I +VO 	FET�


1SPTPEJD UZQPMPHZ Ģ 5IF QIPOPMPHZ PG JOUPOBUJPO BOE QISBTJOH ��o��� /FX :PSL� 0YGPSE 6OJWFSTJUZ 1SFTT�
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(SJDF .BSUJOF .BSJBQBPMB %�*NQFSJP .JDIFMJOB 4BWJOP � $JO[JB "WFTBOJ� ����B� " TUSBUFHZ GPS JOUPOBUJPO MBCFMMJOH WBSJFUJFT PG *UBMJBO� *O
4VO�"I +VO 	FET�
 1SPTPEJD UZQPMPHZ Ģ 5IF QIPOPMPHZ PG JOUPOBUJPO BOE QISBTJOH ���o���� /FX :PSL� 0YGPSE 6OJWFSTJUZ 1SFTT�

(VJPO 4VTBO +POBUIBO %� "NJUI $ISJTUPQIFS 4� %PUZ � *SJOB "� 4IQPSU� ����� 8PSE�MFWFM QSPTPEZ JO #BMTBT /BIVBUM� 5IF PSJHJO EFWFMPQ�
NFOU BOE BDPVTUJD DPSSFMBUFT PG UPOF JO B TUSFTT BDDFOU MBOHVBHF� +PVSOBM PG 1IPOFUJDT ��� ���o����

(VTTFOIPWFO $BSMPT � "� $� .� 3JFUWFME� ����� *OUPOBUJPO DPOUPVST QSPTPEJD TUSVDUVSF BOE QSFCPVOEBSZ MFOHUIFOJOH� +PVSOBM PG 1IPOFUJDT ���
���o����

)BSHVT 4IBSPO � 7JSHJOJB #FBWFSU� ����� " OPUF PO UIF QIPOFUJD DPSSFMBUFT PG TUSFTT JO :BLJNB 4BIBQUJO� 6OJWFSTJUZ PG 8BTIJOHUPO 8PSLJOH
1BQFST JO -JOHVJTUJDT ��� ��o���

)BSSJOHUPO +POBUIBO +BOFU 'MFUDIFS � .BSZ #FDLNBO� ����� .BOOFS BOE QMBDF DPOǵMJDUT JO UIF BSUJDVMBUJPO PG BDDFOU JO "VTUSBMJBO &OHMJTI�
*O .JDIBFM #� #SPF � +BOFU 1JFSSFIVNCFSU 	FET�
 1BQFST JO MBCPSBUPSZ QIPOPMPHZ 7� -BOHVBHF BDRVJTJUJPO BOE UIF MFYJDPO ��o��� $BNCSJEHF�
$BNCSJEHF 6OJWFSTJUZ 1SFTT�

)BZFT #SVDF � "EJUJ -BIJSJ� ����� #FOHBMJ JOUPOBUJPOBM QIPOPMPHZ� /BUVSBM -BOHVBHF BOE -JOHVJTUJD 5IFPSZ �� ��o���
)JOU[ %JBOF� ����� 4USFTT JO 4PVUI $PODIVDPT 2VFDIVB� " QIPOFUJD BOE QIPOPMPHJDBM TUVEZ� *OUFSOBUJPOBM +PVSOBM PG "NFSJDBO -JOHVJTUJDT ���

���o����
)VTT 7PMLFS� ����� &OHMJTI XPSE TUSFTT JO UIF QPTU�OVDMFBS QPTJUJPO� 1IPOFUJDB ��� ��o����
+VEE $IBSMFT .� +BDPC 8FTUGBMM � %BWJE "� ,FOOZ� ����� 5SFBUJOH TUJNVMJ BT SBOEPN GBDUPS JO TPDJBM QTZDIPMPHZ� " OFX BOE DPNQSFIFOTJWF

TPMVUJPO UP B QFSWBTJWF CVU MBSHFMZ JHOPSFE QSPCMFN� +PVSOBM PG 1FSTPOBMJUZ BOE 4PDJBM 1TZDIPMPHZ ���� ��o���
+VO 4VO�"I� ����� 5IF QIPOFUJDT BOE QIPOPMPHZ PG ,PSFBO 1SPTPEZ� 1I% %JTTFSUBUJPO 0IJP 4UBUF 6OJWFSTJUZ�
+VO 4VO�"I� ����� ,PSFBO JOUPOBUJPOBM QIPOPMPHZ BOE QSPTPEJD USBOTDSJQUJPO� *O 4VO�"I +VO 	FE�
 1SPTPEJD UZQPMPHZ Ģ 5IF QIPOPMPHZ PG JOUPOB�

UJPO BOE QISBTJOH ���o���� /FX :PSL� 0YGPSE 6OJWFSTJUZ 1SFTT�
,BOFSWB +� ����� 'PDVT BOE QISBTJOH JO $IJDIFXB QIPOPMPHZ� /FX :PSL� (BSMBOE�
,JSCZ +BNFT � .PSHBO 4POEFSFHHFS� JO QSFTT� .PEFM TFMFDUJPO BOE QIPOPMPHJDBM BSHVNFOUBUJPO� *O %JBOF #SFOUBSJ � +BDLTPO -FF 	FET�


4IBQJOH QIPOPMPHZ� $IJDBHP� 6OJWFSTJUZ PG $IJDBHP 1SFTT�
-BEE %� 3PCFSU� ����� *OUPOBUJPOBM QIPOPMPHZ� /FX :PSL� $BNCSJEHF 6OJWFSTJUZ 1SFTT�
-BEFGPHFE 1FUFS� ����� *OTUSVNFOUBM UFDIOJRVFT GPS QIPOFUJD lFMEXPSL� *O 8JMMJBN )BSEDBTUMF � +PIO -BWFS 	FET�
 5IF IBOECPPL PG QIPOFUJD

TDJFODFT ���o���� .BMEFO ."� #MBDLXFMM 1VCMJTIJOH�
-BEFGPHFE 1FUFS� ����� 1IPOFUJD EBUB BOBMZTJT� "O JOUSPEVDUJPO UP lFMEXPSL BOE JOTUSVNFOUBM UFDIOJRVFT� .BMEFO ."� #MBDLXFMM 1VCMJTIJOH�
-FF :POH�DIFPM � :J 9V� ����� 1IPOFUJD SFBMJ[BUJPO PG DPOUSBTUJWF GPDVT JO ,PSFBO� 1SPDFFEJOHT PG �UI *OUFSOBUJPOBM $POGFSFODF PO 4QFFDI 1SPTPEZ

$IJDBHP�
-FIJTUF *MTF� ����� $POTPOBOU RVBOUJUZ BOE QIPOPMPHJDBM VOJUT JO &TUPOJBO� #MPPNJOHUPO� *OEJBOB 6OJWFSTJUZ 1SFTT�
-FIJTUF *MTF 1JSF 5FSBT 7BMUT &SOǊUSFJUT 1ģSUFM -JQQVT ,BSM 1BKVTBMV 5VVMJ 5VJTL � 5JJU�3FJO 7JJUTP� ����� -JWPOJBO 1SPTPEZ� )FMTJOLJ� 4VPNBMBJT�

6HSJMBJOFO 4FVSB 	.ŊNPJSFT EF MB 4PDJŊUŊ 'JOOP�0VHSJFOOF ���
�
-FIJTUF *MTF 1JSF 5FSBT 5PPNBT )FMQ 1ģSUFM -JQQVT &JOBS .FJTUFS ,BSM 1BKVTBMV � 5JJU�3FJO 7JUUTP� ����� .FBEPX .BSJ 1SPTPEZ 	-JOHVJTUJDB

6SBMJD 4VQQMFNFOUBSZ 4FSJFT �
 5BMMJOO� 5FBEVTUF "LBEFFNJB ,JSKBTUVT�
-FTIP .BSJWJD� ����� 5IF TPDJPQIPOFUJDT BOE QIPOPMPHZ PG UIF DBWJUF DIBCBDBOP WPXFM TZTUFN 5IF 0IJP 4UBUF 6OJWFSTJUZ 1I% EJTTFSUBUJPO�
-FWJ 4VTBOOBI 7� ����� "DPVTUJD DPSSFMBUFT PG MFYJDBM BDDFOU JO 5VSLJTI� +PVSOBM PG UIF *OUFSOBUJPOBM 1IPOFUJD "TTPDJBUJPO ��� ��o���
-JFCFSNBO 1IJMJQ� ����� 4PNF BDPVTUJD DPSSFMBUFT PG XPSE TUSFTT JO "NFSJDBO &OHMJTI� +PVSOBM PG UIF "DPVTUJDBM 4PDJFUZ PG "NFSJDB ��� ���o����
.BEEJFTPO *BO� ����� 1IPOFUJD lFMEXPSL� *O 1BVM /FXNBO � .BSUIB 3BUMJǯG 	FET�
 -JOHVJTUJD lFMEXPSL ���o���� /FX :PSL� $BNCSJEHF�
.FZFS 3PMBOE � *OF .MFJOFL� ����� )PX QSPTPEZ TJHOBMT GPSDF BOE GPDVT� " TUVEZ PG QJUDI BDDFOUT JO 3VTTJBO ZFToOP RVFTUJPOT� +PVSOBM PG

1SBHNBUJDT ��� ����o�����
.PSP[ (FPSHF� IUUQ���$3"/�3�QSPKFDU�PSH�QBDLBHF�MJOHUZQPMPHZ ����� -JOHUZQPMPHZ� -JOHVJTUJD UZQPMPHZ BOE NBQQJOH�
0SUFHB�-MFCBSJB .BSUB� ����� 1IPOFUJD DVFT UP TUSFTT BOE BDDFOU JO 4QBOJTI� 4FMFDUFE 1SPDFFEJOHT PG UIF �OE $POGFSFODF PO -BCPSBUPSZ "QQSPBDIFT

UP 4QBOJTI 1IPOFUJDT BOE 1IPOPMPHZ ���o����
1JFSSFIVNCFSU +BOFU� ����� 5IF QIPOPMPHZ BOE QIPOFUJDT PG &OHMJTI JOUPOBUJPO� 1I% %JTTFSUBUJPO .*5�
1JFSSFIVNCFSU +BOFU BOE %BWJE 5BMLJO� ����� -FOJUJPO PG �I�BOE HMPUUBM TUPQ� *O (FSBSE %PDIFSUZ � %� 3PCFSU -BEE 	FET�
 1BQFST JO MBCPSBUPSZ

QIPOPMPHZ **� (FTUVSF TFHNFOU QSPTPEZ ��o���� $BNCSJEHF� $BNCSJEHF 6OJWFSTJUZ 1SFTT�
1MBH *OHP (FSP ,VOUFS � .BSFJMF 4DISBNN� ����� "DPVTUJD DPSSFMBUFT PG QSJNBSZ BOE TFDPOEBSZ TUSFTT JO /PSUI "NFSJDBO &OHMJTI� +PVSOBM PG

1IPOFUJDT ��� ���o����
1ZDIB "OOF� ����� " EVSBUJPO�CBTFE TPMVUJPO UP UIF QSPCMFN PG TUSFTT SFBMJ[BUJPO JO 5VSLJTI� 6$ #FSLFMFZ 1IPOPMPHZ -BC "OOVBM 3FQPSUT�
3 $PSF 5FBN� ����� 3� " MBOHVBHF BOE FOWJSPONFOU GPS TUBUJTUJDBM DPNQVUJOH� 7JFOOB "VTUSJB� 3 'PVOEBUJPO GPS 4UBUJTUJDBM $PNQVUJOH�
3JWJFSB�$BTUJMMP :PMBOEB � -VDZ 1JDLFSJOH� ����� 1IPOFUJD DPSSFMBUFT PG TUSFTT BOE UPOF JO B NJYFE TZTUFN� +PVSOBM PG 1JEHJO BOE $SFPMF -BO�

HVBHFT ��	�
� ���o����
3PFUUHFS 5JNP #� BDDFQUFE� 5POBM QMBDFNFOU JO 5BTIMIJZU #FSCFS Ģ )PX BO JOUPOBUJPO TZTUFN BDDPNNPEBUFT UP BEWFSTF QIPOPMPHJDBM FOWJSPONFOUT�

4UVEJFT JO -BCPSBUPSZ 1IPOPMPHZ� #FSMJO� -BOHVBHF 4DJFODF 1SFTT�
3PFUUHFS 5JNP #� "OOB #SVHHFNBO � (SJDF� .BSUJOF� ����� 8PSE TUSFTT JO 5BTIMIJZU o 1PTUMFYJDBM QSPNJOFODF JO EJTHVJTF� 1SPDFFEJOHT PG UIF

��UI *OUFSOBUJPOBM $POHSFTT PG 1IPOFUJD 4DJFODFT� )POH ,POH�
4BEBU�5FISBOJ /JNB� ����� 5IF TUSVDUVSF PG 1FSTJBO JOUPOBUJPO� 1SPDFFEJOHT PG �UI *OUFSOBUJPOBM $POGFSFODF PO 4QFFDI 1SPTPEZ $BNQJOBT #SB[JM

���o����
4BEFHIJ 7BIJE� ����� "DPVTUJD DPSSFMBUFT PG MFYJDBM TUSFTT JO 1FSTJBO� 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM $POHSFTT PG 1IPOFUJD 4DJFODFT )POH ,POH

����o�����
4JMCFS�7BSPE 7FSFE )BHJU 4BHJ � /PBN "NJS� ����� 5IF BDPVTUJD DPSSFMBUFT PG MFYJDBM TUSFTT JO *TSBFMJ )FCSFX� +PVSOBM PG 1IPOFUJDT ��� �o���
4JNBSE $BOEJEF $MBVEJB 8FHFOFS "MCFSU -FF � $POOPS :PVOHCFSH� ����� 4BWPTBWP XPSE TUSFTT� " RVBOUJUBUJWF BOBMZTJT� 1SPDFFEJOHT PG �UI

*OUFSOBUJPOBM $POGFSFODF PO 4QFFDI 1SPTPEZ %VCMJO *SFMBOE�
4MVJKUFS "HBBUI .� $� � 7JODFOU +� 7BO )FVWFO� ����� 4QFDUSBM CBMBODF BT BO BDPVTUJD DPSSFMBUF PG MJOHVJTUJD TUSFTT� +PVSOBM PG UIF "DPVTUJDBM 4PDJ�

FUZ PG "NFSJDB ���� ����o�����
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5VPNBJOFO +ZSLJ 4UFGBO 8FSOFS +FBO 7SPPNFO � #FBUSJDF %F (FMEFS� ����� 'VOEBNFOUBM GSFRVFODZ JT BO JNQPSUBOU BDPVTUJD DVF UP XPSE
CPVOEBSJFT JO TQPLFO 'JOOJTI� 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM $POHSFTT PG 1IPOFUJD 4DJFODFT 4BO 'SBODJTDP ���o����

5VSL "MJDF � 4UFGBOJF 4IBUUVDL�)VGOBHFM� ����� 1ISBTF�lOBM MFOHUIFOJOH JO "NFSJDBO &OHMJTI� +PVSOBM PG 1IPOFUJDT ��� ���o����
7BTJTIUI 4ISBWBO � #SVOP /JDFOCPJN� ����� 4UBUJTUJDBM NFUIPET GPS MJOHVJTUJD SFTFBSDI� 'PVOEBUJPOBM JEFBT o QBSU *� -BOHVBHF BOE -JOHVJTUJDT

$PNQBTT ��	�
� ���o���� %0*� ��������MOD�������� %0*���������MOD��������
7PHFM *SFOF "OHFMJLJ "UIBOBTPQPVMPV � /BEJB 1JOLVT� ����� 1SPNJOFODF DPOUSBTU BOE UIF GVODUJPOBM MPBE IZQPUIFTJT� "O BDPVTUJD JOWFTUJ�

HBUJPO� *O +FǯGSFZ )FJO[ 3PC (PFEFNBOT � )BSSZ WBO EFS )VMTU 	FET�
 %JNFOTJPOT PG QIPOPMPHJDBM TUSFTT ���o���� $BNCSJEHF� $BNCSJEHF
6OJWFSTJUZ 1SFTT�

8BOH #FJ -JOH 8BOH � 5VSTVO ,BEJS� ����� 1SPTPEJD FODPEJOH PG GPDVT JO TJY MBOHVBHFT JO $IJOB� 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM $POHSFTT PG
1IPOFUJD 4DJFODFT )POH ,POH�

8JHIUNBO $PMJO 8� 4UFGBOJF 4IBUUVDL�)VGOBHFM .BSJ 0TUFOEPSG � 1BUUJ +� 1SJDF� ����� 4FHNFOUBM EVSBUJPOT JO UIF WJDJOJUZ PG QSPTPEJD
QISBTF CPVOEBSJFT� +PVSOBM PG UIF "DPVTUJDBM 4PDJFUZ PG "NFSJDB ��� ����o�����

8JOUFS #PEP� ����� 1TFVEPSFQMJDBUJPO JO QIPOFUJD SFTFBSDI� 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM $POHSFTT PG 1IPOFUJD 4DJFODF )POH ,POH�
���������

9V :J� ����� *O EFGFOTF PG MBC TQFFDI� +PVSOBM PG 1IPOFUJDT ��	�
� ���o����
:BLVQ .BIJSF � +PBO 4FSFOP� ����� "DPVTUJD DPSSFMBUFT PG MFYJDBM TUSFTT JO 6ZHIVS� +PVSOBM PG UIF *OUFSOBUJPOBM 1IPOFUJD "TTPDJBUJPO ��� ��o���
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Mapping prosody onto meaning  
– the case of information structure in American English1 

Timo B. Roettger1, Tim Mahrt2 & Jennifer Cole1 

1Northwestern University 
2Wovn Technologies, Inc. 

Prosody is a central part of human speech, with prosodic modulations of the signal 
expressing important communicative functions. Yet, the exact mechanisms of how 
listeners map prosodic aspects of the speech signal onto speaker-intended discourse 
functions are only poorly understood. Here we present three perception experiments 
that test the mapping between the prosodic form of a heard utterance and possible 
information structural categories (here: focus and givenness) determined by a 
discourse context. Results suggest varying degrees of accuracy dependent on the 
specific information structure categories that are presented to the listener in the 
experiment (the target and the competitor). Moreover, listeners are sometimes 
biased towards or against certain used discourse contexts. These biases are 
compatible with the idea that listeners infer speaker intentions based not only on 
bottom-up processing of acoustic cues but also on probabilistic knowledge about 
how likely prosodic forms co-occur with specific discourse contexts. 

Keywords: prosody; intonation; focus; information structure, American English 

 

1. Introduction 

The prosodic form of a linguistic expression is an integral part of signalling meaning in human 
language. Prosody can not only encode emotions, speaker involvement, and attitude, it also plays 
a crucial role in expressing linguistic meaning: It conveys the intended illocutionary act, 
structures the utterance into smaller meaningful units, and allows the speaker to emphasize 
certain units while deemphasizing less important information. Given the importance of all of 
these dimensions of meaning for successful communication, our knowledge about how prosody 
guides listener’s interpretation of utterance meaning is surprisingly small.  
 A central concern for a theory of prosodic meaning is how intonational form maps onto 
discourse functions. For example, information structure (the division of sentences into focus and 
background) and information status (the degree of activation of a referent in the current discourse 
                                                
1 TM and JC conceived the idea for this research and developed the experimental design. TM generated stimuli, 
carried out the experiment, and assembled the data. TR analyzed the data statistically and archived materials, data, 
and scripts in online repositories. TR and JC wrote the manuscript. 



model) can be expressed by certain prosodic parameters. Some authors have proposed a direct 
mapping of acoustic parameters onto information structural categories (e.g. Cooper, Eady, & 
Mueller, 1985; Fry, 1955), others have proposed that phonological categories mediate acoustics 
and discourse functions (e.g. Pierrehumbert, 1980; Ladd, 2008). Regardless of its phonological 
interpretation, it has been argued that information structure and information status can be 
expressed through the assignment of phrasal prominence (i.e. positioning the word in a strong 
position in metrical structure, such as the head of the prosodic phrase) and the association of 
pitch accents (i.e. tonal events co-occurring with lexically stressed syllables) in English (e.g., 
Brown & Yule, 1983; Büring, 2006; Chafe, 1987; Ladd, 2008; Rooth, 1992; Selkirk, 1995). 
Different pitch accents have been described to express different types of discourse relations. For 
instance, a pitch accent with a late (and high) fundamental frequency (f0) peak and a rising 
onglide (L+H* in the ToBI annotation) is described as signalling contrastive focus; A pitch 
accent with a medial peak and shallow rising onglide (H*) is described as signalling new 
information (cf. Pierrehumbert & Hirschberg, 1990, Watson, Tanenhaus, & Gunlogson, 2008).  

A challenge for theories of prosodic meaning is seen in detailed empirical studies on 
several languages showing that implicitly assumed one-to-one-mappings between pitch contours 
and discourse function do not hold for all speakers of a language, or even for one speaker all of 
the time (German: Cangemi, Krüger, & Grice, 2015; Grice, Ritter, Niemann, & Roettger, 2017; 
English: Cruttenden, 1986; Peppé, Maxim, & Wells, 2000; Turnbull, 2017; Tashlhiyt: Roettger, 
2017). For example, Grice et al. (2017) present evidence from a German speech production 
experiment. Prompted by discourse setting questions. Speakers had to produce utterances with 
different focus structures (Broad, Narrow, Contrastive, No focus). Some speakers produced 
different pitch accents for the same focus category and other speakers produced one and the 
same pitch accent for different focus categories. Similarly, Roettger (2017) shows that speakers 
of Tashlhiyt Berber can prosodically encode questions and contrastive statements with a rise-fall 
in pitch on the phrase-final word. This tonal event can either occur on the final or prefinal 
syllable. Both questions and contrastive statements can occur with either final or prefinal rise-
falls. However, questions are probabilistically more likely to be produced with a final rise-fall 
(see also Grice, Ridouane, & Roettger, 2015; Roettger & Grice, 2015).  

These studies suggest that there is no one-to-one-mapping between intonational events 
and speaker intentions; any assumed mapping is probabilistic at best (systematic but not 
deterministic). More recent work takes such variability into account and provides information as 
to the statistical distribution of alternative realisations of a given function (e.g. Yoon, 2010 for 
English; Grice et al., 2017, Baumann, 2006 and Baumann, Röhr, & Grice for German; Cangemi 
& Grice, 2016 for Italian).  

Despite this large amount of variability, psycholinguistic work has shown that in some 
contexts listeners can rapidly anticipate speaker intentions based on intonational information 
even before disambiguating lexical material is heard (e.g., Dahan, Tanenhaus, & Chambers, 
2002; Ito & Speer, 2008; Roettger & Franke, 2018a,b; Roettger & Stoeber, 2017; Watson, 
Tanenhaus, & Gunlogson, 2008; Weber, Braun, & Crocker, 2006). These studies have 



demonstrated that listeners show anticipatory eye movements (or hand movements) when 
hearing an intonational event that allows them to predict an upcoming word based on its status 
as, e.g., new or given relative to the prior discourse context. This predictive behaviour is not only 
informed by bottom-up acoustic cues but also by dynamically adaptable probabilistic 
expectations about likely intonational contours in a given context (Kurumada et al., 2014; 
Roettger & Franke, 2018a,b).  

These latter findings are in line with a rational analysis approach (Anderson, 1990) to 
speech perception (e.g. Clayards, Tanenhaus, Aslin, & Jacobs., 2008; Kleinschmidt & Jaeger, 
2015; Kleinschmidt, Weatherholtz, & Jaeger, 2018; Norris, McQueen, & Cutler, 2003), 
assuming that speech perception can be thought of as a process of inference under uncertainty: 
listeners know that each linguistic unit is realised as a distribution of acoustic cues. The listener 
probabilistically infers how likely each possible linguistic unit is, taking into account their 
knowledge of these cue distributions within a given context. This inference process is informed 
by many different information sources, including information associated with the speaker and the 
discourse context. Prosodic processing as inference under uncertainty can account for successful 
perception of prosodic information despite its ubiquitous variability. It simultaneously allows for 
the integration of top-down information. This account contrasts with traditional models of 
perception of prosody that implicitly or explicitly assume a simple mapping of acoustic cues onto 
respective discourse functions. 

 
Taking the systematic but probabilistic nature of mapping prosodic form onto discourse 

function into account, listeners should in principle have some ability to distinguish discourse 
functions based on only prosodic information, even in contextually impoverished contexts (e.g. 
in a controlled experiment). At the same time, listeners’ performance should be poor when their 
task is devoid of communicative context and they are not able to adapt to a given situation, 
because expectations from prior discourse are impoverished or missing, decreasing the influence 
of top-down processing on perceiving prosody. 

The present paper tests to what extent prosodic form-function relationships can be 
detected on the basis of prosodic cues. To that end, we test how well listeners detect and 
distinguish prosodic forms expressing different types of information structural relations: 
Givenness and Focus distinctions, which have been prominently discussed in the literature as 
important discourse functions expressed by prosody, most notably, in West Germanic languages 
(Büring, 2006; Ladd, 2008; Rooth, 1992; Selkirk, 1995). We define focus here according to an 
alternative semantics account as proposed by Rooth (1992). Focus is a semantic attribute of a 
word or phrase signalling that the proposition or parts of it have discourse-relevant alternatives. 
Focus can differ with respect to the location and scope of its domain.  

Focus types can be marked by morphosyntactic devices such as word order or focus 
particles. Alternatively, in English and German, focus is often described as being signalled only 
by intonation with the position and type of pitch accents differentiating between focus type and 
scope. Acoustic correlates of focus and information status distinctions have been identified from 



experimental and corpus studies of English. In English, the nuclear prominence is located by 
default on the rightmost (content) word in the prosodic phrase (Chafe, 1987; Pierrehumbert, 
1980; Selkirk, 1995). Nuclear prominence can be assigned to a word in an earlier position in the 
phrase if that word is focused and if the phrase-final word is lexically or referentially given. 
Speakers often distinguish a focus-marking prominence from a non-focus-marking prominence 
through scaling and alignment of the pitch contour (Breen, Fedorenko, Wagner, & Gibson, 
2010). Such differences are analysed by some authors as differences in the tonal specification of 
the pitch accent, with high rising pitch accents (L+H* within the ToBI annotation) being the 
preferred pitch accent for focused words (Beckman & Pierrehumbert, 1986; Pierrehumbert, 
1980; Pierrehumbert & Hirschberg, 1990), while others consider the scaling and alignment 
differences as gradual in nature (Calhoun, 2006, 2012; Ladd & Schepman, 2003). Given that 
focus and information status distinctions are reflected in production in the form of measurable 
differences in acoustic parameters, there is a basis for experimental hypotheses that listeners use 
the same acoustic parameters as cues to recover focus and information status of words in 
comprehending speech.  

There are several empirical studies that have investigated the perceptual detectability of 
prosodic focus marking: Gussenhoven (1983) asked listeners to determine whether the question 
and answer of a question-answer pair came from the same or a different conversation. He 
compared broad to narrow focus and reports that at least for certain structures there is a 
perceptible difference between narrow and broad focus, but listeners cannot use this information 
to reliably tell in which context the sentence was uttered, suggesting that listeners cannot easily 
associate focus types with respective acoustic forms.  

In Welby (2003), English listeners rated a sentence like “I read the DISPATCH” with a 
pitch accent on ‘dispatch’ as similarly acceptable to questions with either narrow focus (i.e. 
“What newspaper do you read?”), or broad focus (i.e. “How do you keep up with the news?”), 
suggesting that listeners cannot easily tease focus types apart based on the acoustic form of the 
utterance only. 

In Rump and Collier (1996), Dutch listeners judged which of four focus structures 
(neutral, double focus, focus on subject, focus on object) was most likely signalled by 
resynthesised intonation contours. Listeners were not consistent with respect to how they 
matched contour and focus structure and some pitch contours remained ambiguous with respect 
to focus. Other contours were more consistently classified as signalling a particular focus 
structure. 

Breen et al. (2010) asked English listeners to match a recorded statement presented 
auditorily to a question that sets the discourse context for the statement. Their results indicate 
that listeners were generally accurate in identifying the focus position (subject focus, verb focus, 
object focus), but were often not able to differentiate different types of focus on the same 
constituent. In their experiment, listeners had to choose between seven different response 
options, making the task particularly difficult. 



Cangemi, Krüger, and Grice (2015) asked German listeners to identify four different 
focus types. Stimuli were taken from a production corpus, in which five speakers produced 
utterances with different focus conditions (broad, narrow, contrastive, no focus) on the same 
sentential argument, where each focus condition was prompted by a preceding question. In the 
perception study, listeners heard these sentences and had to select in a four-alternative forced 
choice task, which among the four prompting questions provided an appropriate discourse 
context for the heard sentence. They report on categorisation accuracy above chance 
performance for all focus categories. Their experimental design, however, allowed for an 
exceptional high degree of accommodation to the stimuli: Speaker productions occurred in 
separate blocks, i.e. speakers were not interspersed with each other, giving listeners ample 
opportunity to ‘tune’ into speaker idiosyncrasies. Moreover, the speech material was segmentally 
very homogenous. Utterances only differed with respect to the quality of the stressed vowel of 
the target noun (Bieber, Bahber, Bohber), calling listeners’ attention to prosodic differences 
expressed in that region. Nevertheless, this study provides evidence that German listeners can 
detect focus types based on prosodic form, at least in some conditions. 

All in all, the literature on intonation-based focus perception is characterised by a wide 
variety of methodologies employed. Studies mainly differ in the type of task (acceptability 
judgements: Welby, 2003; naturalness judgement: Gussenhoven, 1983; or question-answer 
congruence: Breen et al., 2010; Cangemi et al., 2015; Rump & Collier, 1996). The latter studies 
utilising question-answer matching tasks differed also with respect to the number of response 
options (four response alternatives in Rump & Collier, 1996 and Cangemi et al., 2015 and seven 
in Breen et al., 2010). The results of these studies reveal an empirically mixed picture and its 
methodological diversity makes accumulation of evidence difficult. With the exception of 
Cangemi et al. (2015) on German, none of the above studies was able to clearly show that 
listeners can detect focus type based on prosodic information. For American English in 
particular, there is no compelling evidence to date that listeners perceive a difference between 
focus types such as broad, narrow, and contrastive focus. Whether listeners can use prosody to 
recognise speaker-intended focus structures remains, however, an important empirical question: 
Given the inherent probabilistic nature of mapping prosodic form onto communicative function, 
it is important to test if listeners can make use of prosodic cues to speaker intentions nevertheless 
and if so to what extent they use these cues. 

The present study is an effort to reveal empirical evidence for the relationship between 
the prosodic signal and information structure as perceived by a listener. Experimental results are 
presented here to investigate the prosodic form-function mapping in perception by asking (i) how 
well listeners can identify the focus condition of an utterance based on its prosodic form (form-
to-function mapping), and (ii) how well they can identify an appropriate prosodic form to match 
the focus condition specified by the discourse context (function-to-form mapping). Similar to 
several prior studies, the present study uses question-answer congruence, which provides a 
detailed view of the form-function mapping perceived by listeners. However, our studies differ 



from prior studies in reducing the complexity of the experimental task, towards the goal of 
minimizing task effects on the listeners’ judgments of form-function association. 

 

2. Methods  

This paper presents a series of experiments exploring listeners’ perception of the relationship 
between the prosodic form of an utterance and its focus conditions as established from the 
immediate discourse context.2 Here we describe the methodology and statistical analysis 
employed. Section 2.1 presents the focus categories tested as they relate to theories of 
information structure and information status; Section 2.2 describes the experimental stimuli; 
Section 2.3 describes the design and procedures; Section 2.4 discusses the statistical methods we 
use to model the data. 

 

2.1 Information structure categories 

In the following experiments, listeners reacted to short question-answer dialogues in which the 
question provides the discourse context that establishes one of four information structure 
conditions of the answer: broad focus, narrow focus, and contrastive focus on the sentential 
subject, and the sentence subject as discourse-given. We adopt the question-answer congruence 
paradigm and operationalise focus following Büring (2012): in an answer, focus marks that 
constituent which can be construed as corresponding to a wh-phrase in a preceding question. 
Consider the following example. 
 

(1) Damon fried the omelet. 
a. Do you know what happened yesterday?  [Damon fried the omelet]F. 
b. Do you know who fried the omelet?   [Damon]F fried the omelet. 
c. Do you know what Damon fried?   Damon fried [the omelet]F. 
d. Did Pam fry the omelet?     [Damon]F fried the omelet. 
e. Did Damon fry the omelet?    Damon fried the omelet. 

 
The statement in (1) is a suitable morphosyntactic construction to answer all questions in 

(a-e), they only differ in their focus structure. Question (a) elicits whole-sentence focus (also 
referred to as ‘broad focus’). A sentence has broad focus when it is uttered in an out-of-the-blue 
context, in the absence of a preceding discourse context, or with no particular correspondence to 
a preceding context. For a sentence with broad focus, the entire proposition expressed by the 
sentence is in focus and all constituents constitute new information. A common question used to 
elicit broad focus is “What happened?” or “What is new?” (e.g., question-answer pair 1a).  

                                                
2 The findings from these experiments are also discussed in Mahrt (2018), with qualitative comparisons across 
experimental conditions. 



Questions (b-c) elicit ‘narrow focus’ either on the subject (b) or the object (c). A narrow 
focus sentence is one that contains a constituent that introduces relevant, new information to the 
discourse. The constituent with narrow focus may provide the answer to a wh-question, or it may 
highlight new information that is relevant to the discourse context, e.g., as an elaboration of 
information already given. In example (b) “Damon” contrasts with an open set of alternatives to 
the experiencer subject (all entities that could have eaten cheese), while in (c) “the omelet” 
contrasts with an open set of alternatives to the thematic object (all possible things Damon could 
have fried).  

In (d), the focused constituent is explicitly contrasted with the alternative in the question 
(Pam), and constitutes a specific type of narrow focus, which is referred to as ‘contrastive focus’ 
(or ‘corrective focus’). Similar to a narrow focus sentence, a sentence with contrastive focus 
contains a constituent (here Damon) that relates specifically to an element of the preceding 
discourse (here Pam). Contrastive focus marks the referent of the constituent as singled out from 
a set of possible alternatives made salient by the discourse context (Rooth, 1992).  

A sentence that cannot be construed as providing an answer to a wh-question or as 
specifying a contrastive referent may lack focus altogether. Such an example is illustrated in 
(1e), where all elements in the sentence are discourse-given, both lexically (the words are 
explicitly mentioned in the preceding question) and referentially (the referent of each word and 
phrase is established in the preceding discourse). We refer to such sentences as ‘given’ in what 
follows. 

 

2.2 Stimuli 

The stimuli used in the perception experiments were selected from productions of nine different 
English sentences (see 2). Each sentence was produced four times, once for each of the four 
focus categories described in the preceding section (Broad, Narrow, Contrastive, Given). The 
stimuli were recorded in a soundproof booth with a high-quality, head-mounted microphone. 
One informed female speaker of American English produced all of the stimuli (see 
osf.io/4qxmh/Stimuli). To make her productions as natural as possible, the sentences were 
produced in a live dialogue enacted with the experimenter who asked questions (see 1) that 
prompted the speaker to produce an appropriate full sentence response for each of the four focus 
conditions described in Section 2.1. 
 

(2)  (a) Daisy warned the owner. 
(b) Damon fried the omelet. 
(c) Dorah filmed the movie. 
(d) Harry raised the window. 
(e) Jamie dyed the laundry. 
(f) Jonny helped the warden. 
(g) Jonah burned the onion. 



(h) Maddie found the TV. 
(i) Mary rolled the barrel. 

 
Except for the discourse-given context, the full sentence responses were not read aloud from text 
but were formulated by the speaker as appropriate full sentence responses to the experimenter’s 
question (for a full list, see Appendix 1), inserting in subject position a name that was presented 
in written form for each sentence trial. The full sentence responses for the given condition (no 
focus) were written out and read aloud by the speaker. This was done to avoid the inadvertent 
production of a sentence with pronominal elements (e.g., “Yes, she warned him” for 2a), which 
are also acceptable responses to a polar question (e.g., “Did Daisy warn the owner?” for 2a). The 
recorded sentences were normalised for amplitude based on the peak amplitude of the entire 
recording session, using the normalise function in Audacity (Audacity Team, 2015) with the DC 
offset removed and peak amplitude normalised to -1.0 db. The result of this process resulted in 
36 utterances (9 utterances for 4 different focus categories) of roughly equal amplitude. 
 

 Auditory inspection of stimuli by two native speakers (TM and JC) determined that the 
focus categories were produced with intonation patterns that sounded natural and congruent with 
the matched discourse prompt (i.e. the context question). Qualitative characterisation of f0 

contours, based on ToBI criteria, reveals that the answers exhibit expected intonational contours, 
with distinct contours for each of the four focus conditions. Figure 1 shows time-normalised f0 
contours and ToBI labels for each of the 9 sentences (grey) alongside the mean contour (in 
color), with productions grouped by the intended focus condition (i.e., focus conditions 
determined by the question prompt for each production).3 The differences among the four focus 
categories can be seen in the f0 contours on the subject and object positions. In the subject 
position, the broad and contrastive focus conditions show a noticeable rise-fall contour, the 
narrow focus condition has a shallower rise-fall (and in some tokens just a shallow fall), and the 
given condition exhibits a relatively low f0 with an even shallower fall. In the object position, the 
given and narrow focus conditions show a flat or mildly falling f0 excursion that extends with a 
nearly even slope across the interval of the object noun. The broad focus condition shows a 
noticeable rise-fall f0 contour on the object, while the contrastive focus condition exhibits a low 
plateau that ends in a sharp fall (or in one instance, a rise) to the end of the utterance.  
 

                                                
3 The ToBI labels represent the one or two most frequent pitch accents produced on the subject and object nouns, 
over the nine sentence stimuli in each focus condition. 



 
Figure 1: Smoothed and interpolated f0 contours of the acoustic stimuli (grey) alongside the 
average f0 contour (coloured) for all four focus conditions.  
 

Figure 2 shows the raw values for the maximum f0 values of the sentence subject and the 
sentence object. The f0 max values for the subject overlap substantially between the broad and 
contrastive focus conditions, and between the narrow and given conditions. While the overlap 
between broad and contrastive is resolved when looking at f0 maxima on the sentence object 
(clear separation), given and narrow remain highly overlapping. We will come back to these 
different degrees of overlap later. 

 
 



 
Figure 2: Raw f0 maximum values of the sentence subject (left panel) and sentence object (right 
panel) for all target sentences. The grey shapes in the background indicate kernel density curves 
of these raw values in order to allow for a better visual assessment of overlap between 
categories. 
 

To establish that the stimuli were acoustically differentiable into four prosodically 
distinct classes, we submitted the stimuli to linear discriminate analysis (LDA). We first 
inspected a variety of measures of pitch, intensity, and duration that were extracted from the 
subject, verb, and object positions of the sentence utterances. These were fed into an LDA 
analysis in the R MASS package (Venables & Ripley, 2002). The function indicated that there 
was collinearity among some of the measures. To determine which variables exhibited 
collinearity, the correlation of all possible feature pairs was taken and, for each correlated pair, 
only one of the features was chosen to be in the final set of acoustic features. With the final 
selection of acoustic features chosen, the LDA was run again. Using a leave-one-out (LOO) 
analysis, the LDA was able to discriminate the four focus categories with high accuracy (91.4%).  

Note that we do not take the LDA results as proxy for human judgments of perceptual 
distinctiveness. Rather, the LDA analysis serves to independently verify that there is a basis for 
perceptual distinction in measurable acoustic distinctions that are sufficient for classification by 
statistical methods. It is important to note that the LDA analysis indicates some degree of overlap 
between the four focus categories, which suggests a degree of acoustic ambiguity in some of the 
productions for the acoustic measures. It is possible that using other acoustic measures, the 
distinction between the four focus categories might have been better captured, leading to higher 
accuracy. Our concern here is not primarily about how the four focus categories are 



differentiated from one another by the stimulus speaker, but rather to demonstrate that the four 
focus categories are acoustically differentiated. 
 

2.3 Study design 

The study was conducted to evaluate listeners’ perception of four focus categories in relation to 
the prosodic form of an utterance. The perception test was operationalised through two tasks: one 
where listeners had to select which of two prosodic patterns best signalled a specified focus 
category (1 context - 2 prosodic forms, henceforth 1C-2P); and the other where listeners had to 
select which of two focus categories was signalled by the prosody of an utterance (2 contexts - 1 
prosodic form, henceforth 2C-1P). Rather than presenting participants with all four focus 
categories in a single (lengthy) experiment, a between-subjects design was chosen, exposing 
individual participants to only one pair of focus conditions (broad focus vs. given, broad vs. 
contrastive focus, broad vs. narrow focus, given vs. contrastive focus, given vs. narrow focus, 
and contrastive vs. narrow focus). A further distinction in the response option given to the 
participant was introduced: One group of participants used a two-alternative forced-choice 
response, while another group of participants used a 5-point scale response. In what follows, 
these experimental conditions are grouped into 3 experiments, Experiments 1 and 2 use the two-
alternative forced choice response option, and Experiment 3 uses the 5-point scale response 
option.  
 
2.3.1 Tasks 
In each experiment, auditory stimuli in the form of mini question-answer dialogues were 
presented to participants. There were two such dialogues on each trial, which differed in the 
prosodic congruence of the question and answer. Participants were presented with two play 
buttons on opposite sides of the screen, one for each mini dialogue (Q-A pairing). Participants 
were allowed to listen to the audio files as many times as they wanted before responding. 
Participants proceeded through the experiment at a self-selected pace. In one dialogue, the 
question-answer pair was matched in their focus condition (i.e., the answer was produced by the 
model speaker as a response to the question appearing in the dialogue), while in the other 
dialogue the question-answer pair was mismatched (the answer was produced by the model 
speaker in response to a different question than the one appearing in the dialogue). Participants 
were instructed to either choose the dialogue that sounded the most appropriate or natural 
(Experiment 1 and 2) or to use a 5-point scale to indicate which of the two dialogues they prefer.  

The 1C-2P task tests the mapping from discourse function to prosodic form. In this task, 
the two dialogues in a trial had the same question, but the question was paired with answers that 
were prosodically distinct, i.e., from two different categories shown in Fig. 1. This task examined 
whether listeners could identify a preferred acoustic prosodic signal for the particular focus 
condition specified by the discourse context. Note that the proposition of the answers was always 
the same for both dialogues and was textually appropriate as a response to the prompting 
questions. An example of the 1C-2P task is shown in (3), contrasting broad and narrow focus 



conditions. If narrow focus is prosodically encoded and perceptually detectable by the listener, 
the dialogue in (3a) with narrow focus prosody (as in Fig. 1 above) should sound more natural 
than the dialogue in (3b) with broad focus prosody (as in Fig. 1 above).  
 
(3)  Dialogue pair from the 1C-2P task 

a. Incongruous 
Q: Do you know who ripped the ledger?   [Narrow focus prompt]  
A: Yes, [Mary ripped the ledger]F.    [Broad focus prosody] 

b. Congruous 
Q: Do you know who ripped the ledger?   [Narrow focus prompt] 

 A: Yes, [Mary] F ripped the ledger.    [Narrow focus prosody] 
 
The 2C-1P task tests the mapping from prosodic form to discourse function. In this task, the two 
dialogues had textually different questions, each of which set up different focus conditions for 
the answer, while the answers were the same in both dialogues (i.e., the same audio file). This 
task examined whether listeners could identify the discourse context that matched the focus 
condition of the answer, perceived on the basis of its prosodic form. An example of the 2C-1P 
task is shown in (4), contrasting broad and narrow focus. 
 
(4)  Dialogue pair from the 2C-1P task 

a.  Incongruous 
Q: Do you know what happened yesterday?   [Broad focus prompt]  
A: Yes, [Mary]F ripped the ledger.   [Narrow focus prosody] 

b.  Congruous 
Q: Do you know who ripped the ledger?  [Narrow focus prompt] 

 A: Yes, [Mary] F ripped the ledger.   [Narrow focus prosody] 
 

The two experimental tasks (1C-2P, 2C-1P) were designed to explore possible sources of 
ambiguity stemming from overlap in the range of acoustic patterns that a speaker may produce in 
a certain focus condition, and which a listener may judge as acceptable acoustic cues for 
perceiving distinctions in focus-related meaning. If listeners can successfully detect prosody-
focus mappings, then participants in the 2C-1P and 1C-2P tasks should be equally accurate in 
identifying the most natural sounding dialogue in each trial. If participants perform poorly in the 
1C-2P task (choosing from two prosodically distinct answers), that would suggest that a range of 
acoustic cues can signal the same meaning. If participants perform poorly in the 2C-1P task 
(choosing from two textually distinct context questions), it would suggest that a certain 
acoustically specified prosodic pattern may be congruent with multiple focus-related meanings 
(as specified by the discourse context).  

The same dialogues with the same acoustic stimuli were used for all three experiments. In 
experiment 1, participants performed only the 1C-2P task in a forced choice design. In 



experiment 2, participants performed only the 2C-1P task in a forced choice design. Experiment 
3 comprised both 1C-2P and 2C-1P tasks but with more nuanced response options on a 5-point 
Likert scale:  

• only left: only the dialogue on the left side of the screen sounded natural 
• left preferred: both dialogs sound natural, but the left dialogue is preferred 
• equally good: both dialogs sound equally natural and acceptable 
• right preferred: both dialogs sound natural, but the right dialogue is preferred 
• only right: only the dialogue on the left side of the screen sounded natural  

Only in Experiment 3, 1C-2P and 2C-1P trials were presented in different trials to the same 
participants.4 Participants in Experiment 3 were instructed that sometimes the answers would 
vary in the way they were said and sometimes the questions would vary. None of the 
experiments gave participants any explicit instructions or training regarding the information 
structure or prosody of the dialogs they would hear.  

Experiment 1 and 2 consisted of 18 trials presenting a pair of Q-A dialogues for one of 
the six different focus condition pairs (broad-given, broad-contrastive, broad-narrow, given-
contrastive, given-narrow, contrastive-narrow). Each of the 9 stimulus sentences in (2) was 
presented as the answer in two trials that differed in which of the two focus categories was 
specified in the congruent dialogue. For example, the dialogue pairs in (3) and (4) are taken from 
the group testing broad vs. narrow focus prosody. In the trials shown in (3) and (4), it is the (b) 
dialogues that are congruent—the focus condition prompted by the question matches the focus 
condition that is expressed by the prosody of the answer. These same experiments (testing the 
broad vs. narrow focus categories) included another trial with “Mary ripped the ledger” in which 
the congruent dialogue matches the question and answer in the broad focus condition. The order 
of the stimuli was pseudorandomised, i.e. shuffled by hand such that no two consecutive items 
contained the same lexical content (i.e., the same answer sentence).  

Experiment 3 consisted of 36 trials, presenting a pair of Q-A dialogues for one of six 
different focus condition pairs for both 2C-1P and 1C-2P tasks.  
 

                                                
4 Our decision to administer both tasks (1C-2P, 2C-1P) to the same participants in Experiment 3, rather than run two 
separate experiments with the expanded, scalar response set, were driven by practical constraints of time and money. 
We were also interested in testing the feasibility of combining both tasks in one experiment, to approximate the 
design of earlier experiments testing categorical perception of phoneme contrasts, in which identification and 
discrimination experiments are administered to the same participants. Mahrt (2018: 30) reports on a pilot experiment 
using both tasks, involving 45 subjects recruited from Mechanical Turk. In the pilot experiment, a third of the 
participants first did the identification task followed by the discrimination task, another third did the tasks in the 
opposite order, and the final third did them with the tasks interleaved in random sequence over trials. The same set 
of stimuli were presented to all participants. The results of the pilot showed that the task done second resulted in 
higher accuracy than when it was performed first, with intermediate accuracy for participants in the interleaved tasks 
condition. On the basis of these findings, Experiment 3 adopted the interleaved task design. 



2.3.2 Participants 

Participants were recruited online via the crowd-sourcing website Amazon Mechanical Turk 
(AMT). Participants were restricted to people from the United States via filtering of IP address 
by the AMT system, and were restricted to be at least 18 years old. The participants came from 
all around the U.S. Participants who reported themselves as being non-native speakers or 
indicated that they were born and grew up outside of the U.S. were excluded from the study. To 
prevent incentivising dishonesty, they were not told that they had to be a native speaker of 
American English to participate and they were still compensated for their time, regardless of 
whether or not their data was used. Data that was excluded due to these circumstances was 
replenished by running additional participants. Data analysis was not initiated before the 
complete data set was available. Participants were only allowed to participate in one of the three 
experiments. These constraints were managed by LMEDS (Mahrt, 2016), the web platform used 
to run all of the experiments.  

Experiments 1, 2, and 3 used data from 180 participants each, for a total of 540 
participants. Participants in each Experiment (1-3) were randomly assigned to one of six groups 
testing different pairs of focus conditions. Experiments 1 and 2 took about 15 minutes to 
complete, while Experiment 3 took about 25 minutes. Participants were compensated at a rate of 
$10/hour.  

 

2.4 Statistical analysis 

We submitted participants’ responses to Bayesian hierarchical models using the Stan modelling 
language (Carpenter et al., 2016) and the R (R Core Team, 2018) package brms (Bürkner, 
2016). We operate within the Bayesian inferential framework (rather than within a frequentist 
framework) due to two reasons: 

First, Bayesian methods allow us to directly answer the primary question: How plausible 
is our hypothesis given the data? We can answer this question by quantifying our uncertainty 
about the parameters of interest, which frees us from committing to hard cut-off points for 
statistical significance (such as the arbitrary 0.05 alpha level).  

Second, it is easier to flexibly define hierarchical models (also known as mixed effects or 
multilevel models) in the Bayesian framework than in the frequentist framework. The frequentist 
linear mixed model standardly used in quantitative linguistics is generally fit with the lme4 
package (Bates et al., 2015b) in R. However, the linear mixed effects models for categorical data 
that also include the maximal random effects structure justified by the design (Barr, Levy, 
Scheepers, & Tily, 2013; Schielzeth & Forstmeier, 2009) tend not to converge or to give 
unrealistic estimates of the correlations between random effects (Bates, Kliegl, Vasishth, & 
Baayen, 2015). Such non-convergence issues are particularly severe for logistic regression 
models (Kimball et al., 2016). In contrast, the maximal random effects structure can be fit 
without problems using Bayesian hierarchical models.  



We used different statistical models for Experiments 1 and 2 than for Experiment 3. For 
Experiments 1 and 2 we fit a hierarchical logistic regression model to response accuracy 
(binomial: correct vs. incorrect) predicted by the target focus category in the congruent dialogue 
(4 levels: Given, Broad, Narrow, Contrastive), the competitor focus category (3 levels, e.g. for 
the target category Broad, the competitor focus would be Narrow, Contrastive, or Given) and 
their two-way interaction. The models included a maximal random-effect structure, including a 
random intercept for subjects (since it is a between-subject design), and a random slope allowing 
the predictor interaction to vary by experimental items (the 9 sentences comprising the 
experimental stimuli). 

We used weakly informative Gaussian priors centred around zero with σ = 5 for the 
Intercept and with σ = 5 for all population-level regression coefficients. Four sampling chains 
with 2000 iterations each were run for each model, with a warm-up period of 1000 iterations. We 
report, for each parameter of interest, 95% credible intervals and the posterior probability that a 
coefficient parameter β is bigger than zero Pr(β > 0). A 95% credible interval demarcates the 
range of values that comprise 95% of the probability mass of our posterior beliefs, such that no 
value inside the CI has a higher probability than any point outside of it (see, e.g., Jaynes & 
Kempthorne, 1976; Morey et al., 2016). We judge there to be substantial evidence for an effect if 
zero is (by a reasonably clear margin) not included in the 95% CI and Pr(β > 0) is close to zero 
or one.  

For Experiment 3, where the same participants performed both tasks (1C-2P and 2C-1P) 
we ran two subset analyses on the data, one that models the 1C-2P trials and one that models the 
2C-1P trials. Recall that Experiment 3 used an elaborated set of five response options. For both 
tasks, we fitted Bayesian hierarchical ordinal logistic models to the ordered response options 
predicted by the target focus category of the congruent dialogue (4 levels, as for Exps. 1 and 2), 
the competitor focus category (3 levels, as for Experiments 1 and 2) and their two-way 
interaction. The five responses were re-labelled as follows: If the congruent question-answer pair 
was on the right side of the screen, we binned “always right” as “always”, “right preferred” as 
“preferred”, “equally good” as “equal”, “left preferred” as “dispreferred”, and “always left” as 
“never”. Responses were similarly re-labelled for trials in which the congruent question-answer 
pair was on the left side of the screen, by swapping “left” for “right” in the re-labelling scheme. 
The re-labelled responses were rank ordered: never > dispreferred > equal > preferred > always. 
The models for Experiment 3 included a random intercept for subjects (since main effects of 
focus conditions were tested in a between-subject design), and a random slope allowing the 
predictor interaction to vary by experimental items. We used weakly informative student-t priors 
centred around zero with σ = 1 and dfs = 5 for all population-level regression coefficients. The 
inferential criteria are the same as discussed for Experiments 1 and 2. 

Posterior probabilities tell us the probability that the parameter has a certain value (given 
the data and model); note that these probabilities are not frequentist p-values. Note also that there 
is no notion of Type I or II error in Bayesian statistics because the inference does not depend on 
hypothetical repetitions of the experiment; the data are evaluated on their own merits, and no 



supposition is made about the replicability of the effect. In order to present statistics as close to 
widely used frequentist practices, we chose to define an inferential criterion that seems familiar 
(95%), but the strength of evidence should not be taken as having clear cut-off points (such as in 
a null-hypothesis significance testing framework). In line with standards of reproducible 
research, the data tables and the scripts for the statistical analyses are made available and can be 
retrieved here osf.io/4qxmh. 

 

3. Results for experiment 1: One context – two prosodic forms 

Figure 3 and Table 1 summarise the posterior distribution across conditions for experiment 1. 
Instead of interpreting regression coefficients, we directly calculate the posterior distribution and 
accompanying credible intervals for each condition (given the data and the model). We can 
further directly calculate the probability of respective accuracy estimates being above chance 
(log odds > 0).  

Looking at the estimates, overall, listeners performed well in the task. However, there are 
obvious interactions between target (henceforth XT) and competitor categories (henceforth XC), 
with varying accuracy estimates for different combinations of categories. Dependent on the 
competitor category for a trial, listener performance differs tremendously: Except for GivenT 
competing with NarrowC, and NarrowT competing with ContrastiveC, all conditions show 
evidence for above chance accuracy. Listeners thus seem to be able to infer the intended prosodic 
information in the signal based on the discourse setting question. 

Listeners’ performance differed, however, as a function of which categories were 
compared. For BroadT (upper left panel), listeners exhibit higher accuracies when the competitor 
is ContrastiveC (β = 0.90 [0.83,0.95]) or NarrowC (β = 0.86 [0.77,0.92]) than when the 
competitor is GivenC (β = 0.67 [ 0.55,0.77)]; For ContrastiveT (upper right), listeners exhibit 
higher accuracies when the competitor is BroadC (β = 0.92 [0.86,0.96]) or Given (β = 0.94 
[0.83,0.98]) than when it is NarrowC (β = 0.66 [0.47,0.82]); For GivenT (lower left), listeners 
exhibit higher accuracies when the competitor is ContrastiveC (β = 0.84 [0.72,0.91) than when it 
is NarrowC (β = 0.56 [0.41,0.70]); For NarrowT (lower right), listeners exhibit higher accuracies 
when the competitor is BroadC (β = 0.85 [0.76,0.92]) than when it is ContrastiveC (β = 0.46 
[0.30,0.62]).  

 



 
Figure 3: Mean posteriors and 95% credible intervals for the results of Experiment 1, showing 
predicted accuracy across target focus conditions (in the four panels), and their accompanying 
focus competitors (x-axis). Semi-transparent small points are average values for each 
experimental item (sentence). The dotted line indicates chance performance. 

 



 

target competitor estimate P(β > 0)  

Broad Contrastive 0.9 (0.83,0.95) 1.00 
Broad Given 0.67 (0.55,0.77) 1.00 
Broad Narrow 0.86 (0.77,0.92) 1.00 

Contrastive Broad 0.92 (0.86,0.96) 1.00 
Contrastive Given 0.94 (0.83,0.98) 1.00 
Contrastive Narrow 0.66 (0.47,0.82) 0.96 

Given Broad 0.63 (0.51,0.73) 0.98 
Given Contrastive 0.84 (0.72,0.91) 1.00 
Given Narrow 0.56 (0.41,0.7) 0.77 

Narrow Broad 0.85 (0.76,0.92) 1.00 
Narrow Contrastive 0.46 (0.3,0.62) 0.31 
Narrow Given 0.66 (0.47,0.8) 0.96 

 

Table 1: Summary of posterior distributions for Experiment 1: Posterior means (95% credible 
intervals in brackets) for all focus combinations alongside the probability that the estimate is 
above chance level (log odds > 0) given the data and the model. Shaded rows indicate conditions 
that did not perform above chance according to set inferential criteria. 

 
 

The results of this experiment suggest that, in general, listeners can use the prosodic cues 
available in the signal to distinguish between focus types. Some categories are perceived better 
than others and accuracy is very much dependent on the competing category. Accuracy was 
highest for the pairs Contrastive and Given as well as Contrastive and Broad. This is not 
surprising considering the very distinct f0 patterns in the stimuli (see Fig. 1). Given referents 
were produced with a high pitch accent (H*), the most frequently occurring pitch accent type, 
and the smallest f0 excursion on the subject, while contrastive referents were produced with a 
high rising pitch accent (L+H*), arguably the most prominent pitch accent type, and the greatest 
magnitude f0 excursion on the subject. Broad focus utterances exhibited two prominent pitch 
accents on the subject and the object, a noticeably distinct utterance-wide pattern. 

The other focus pairs were not as well distinguished, including contrastive and narrow, 
and given and narrow. The observation that the accuracy between narrow and every other 
category is low might be attributed to the acoustic form of narrow focus utterances. Narrow 
focus stimuli exhibit an intonational form that greatly overlaps with the other categories. For 
instance, in Narrow focus stimuli, the subject exhibits a rise-fall contour that is variously labelled 
as H* or L+H*, but the difference between that and the f0 contour of the subject in Contrastive 
focus stimuli, all of which are labelled as L+H* can be characterised as a difference in pitch 



scaling. Likewise, for the Narrow focus stimuli, the f0 excursion of the less prominent H* of the 
subject appears to partially overlap with the f0 excursion of the Broad focus subject in some 
instances, and with that of the L* pitch accent of stimuli in the Given category.  

In sum, some focus categories elicit lower accuracies while others elicit higher 
accuracies. These differences may be a reflection of different degrees of acoustic overlap. 
However, overall, listeners seem to be able to match the intended focus type of an utterance to its 
respective discourse setting question above chance level. The 1C-2P task taps into the question 
of which acoustic form best conveys the focus condition selected by a particular discourse 
context, while the 2C-1P task taps into which discourse context best matches the focus condition 
conveyed by a particular acoustic form 
 

4.  Results for experiment 2: Two contexts – one prosodic form 

Figure 4 and Table 2 summarise the posterior distribution across conditions for experiment 2. 
Looking at the estimates, the 2C-1P results differ from the results of experiment 1. Overall, 
listeners’ accuracy is not as high as in the 1C-2P task. This effect is mainly driven by two factor 
levels: BroadT and NarrowC. When Broad focus is the target, listeners were systematically below 
chance, i.e. identifying the utterance as indicating the competitor focus category (ContrastiveC: β 
= 0.22 [0.14,0.32]; GivenC: β = 0.30 [0.22,0.41]; NarrowC: β = 0.17 [0.12,0.23]). Beyond 
showing poor performance in identifying BroadT, listeners consistently picked the wrong 
response alternative, suggesting a bias against Broad focus. Similarly, when Narrow is the 
competitor, listeners were systematically below chance, i.e. incorrectly identifying the utterance 
as indicating Narrow focus (BroadT: β = 0.17 [0.12,0.23]; ContrastiveT: β = 0.36 [0.25,0.48]; 
GivenT: β = 0.35 [0.21,0.51]). Again, beyond having difficulty in identifying the target category, 
listeners were zealous in consistently identifying utterances as Narrow, suggesting a bias 
towards Narrow focus. 

In addition to these two biases, listeners had difficulties identifying GivenT and NarrowT 
when paired with ContrastiveC, although, in both cases, there is weak evidence that listeners 
perform above chance (GivenT: β = 0.66 [0.48,0.84]; NarrowT: β = 0.65 [0.48,0.80]). 

 
 



 
Figure 4: Mean posteriors and 95% credible intervals for the results of Experiment 2, showing 
predicted accuracy across target focus conditions (in the four panels), and their accompanying 
focus competitors (x-axis). Semi-transparent small points are descriptive average values for each 
experimental item (sentence). The dotted line indicates chance performance. 

 



 

target competitor estimate Pr(β > 0)  

Broad Contrastive 0.22 (0.14,0.32) 0.00 
Broad Given 0.3 (0.22,0.41) 0.00 
Broad Narrow 0.17 (0.12,0.23) 0.00 

Contrastive Broad 0.89 (0.84,0.93) 1.00 
Contrastive Given 0.68 (0.56,0.79) 1.00 
Contrastive Narrow 0.36 (0.25,0.48) 0.01 

Given Broad 0.78 (0.67,0.87) 1.00 
Given Contrastive 0.66 (0.48,0.84) 0.95 
Given Narrow 0.35 (0.21,0.51) 0.03 

Narrow Broad 0.91 (0.85,0.94) 1.00 
Narrow Contrastive 0.65 (0.48,0.8) 0.96 
Narrow Given 0.73 (0.59,0.83) 1.00 

 

Table 2: Summary of posterior distribution for Experiment 2: Posterior means (95% credible 
intervals in brackets) for all focus combinations alongside the probability that the estimate is 
above chance level (log odds > 0) given the data and the model. Shaded rows indicate conditions 
that did not perform above chance according to set inferential criteria. 
 

Our results indicate that when having to identify a discourse context on the basis of the 
focus condition conveyed by the prosodic form, listeners have substantial difficulties. The 
observed biases against pairing the BroadT focus prosody with its matched discourse context and 
in favour of pairing any prosodic form with the NarrowC focus discourse context suggests that 
listeners are influenced by aspects of the context other than the prosodic information in the 
signal. (Note that listeners were clearly able to use acoustic prosodic cues in the 1C-2P task with 
the same stimuli). The acoustic prosodic expression used in the Narrow focus stimuli in this 
study are apparently congruent with a variety of information structure contexts, and similarly, 
any type of prosodic form is judged as congruent with a Broad focus context. As opposed to that, 
for Given and Contrastive focus contexts, listeners showed a preference for one prosodic form—
the congruent one in this experiment.  

The results of experiment 1 and 2 suggest both overlap and differentiation in the 
association of prosodic form and focus condition. Differentiation is seen in the finding that 
listeners show above-chance accuracy in associating prosodic forms with the focus conditions 
intended by the speaker, for at least some of the distinctions in focus conditions. The associations 
between form and meaning are far from being one-to-one, and there appear to be ambiguities in 
both directions of the form-function mapping. This pattern of results may stem from ambiguity 
in the prosodic encoding of focus that leaves listeners uncertain about the intended focus 
condition. An alternative account of the results involves listener bias, as suggested in the findings 



from the 2C-1P task, where given a choice in meaning listeners lean towards or away from 
inferring certain focus-related meanings.  

Experiment 3 seeks to further explore the ambiguity (or bias) in the mapping between 
prosodic form and focus-related meaning, by offering participants five response options that 
differ in the strength of association for each of the two form-function mappings presented in each 
trial.  
 

5. Experiment 3 – Scalar endorsement ratings 

The data from Experiment 3 differed from that of Experiments 1 and 2 with respect to available 
response options. Experiment 3 also differed in presenting participants with 36 trials, 18 per task 
(9 sentences in two different congruent pairings, as in Experiments 1 and 2). Thus, participants in 
Experiment 3 produced 18 responses in the same 1C-2P task as those in Experiment 1, and they 
produced 18 responses in the same 2C-1P task as those in Experiment 2. The data from each task 
in Experiment 3 was modelled in separate subset analyses, as described in Section 2.5.  
 

5.1 Results for experiment 3: One context – two prosodic forms 

Figure 5 and Appendix 2 summarise the posterior distributions across conditions for the 1C-2P 
task. Overall, participants tend to select the responses “equal”, “preferred” and “always” above 
chance (= 0.2), suggesting that listeners have a general tendency to rate the match between 
prosodic pattern and focus condition as acceptable, even when the match is incongruent. This is 
illustrated by the asymmetry of stacked bar plots in Figure 5, which show a greater probability 
mass in the green bars (“preferred”, “always”) compared to the red bars (“dispreferred”, 
“never”). (If there was no bias towards either the negative or positive end of the response scale, 
the stacked bar plots would be symmetrically centred around the horizontal line.) 

These general patterns are in line with the results from Experiment 1. Listeners can use 
the prosodic information in the signal to discriminate intended focus categories above chance 
levels. However, there is a great amount of variability in how listeners match prosody and focus 
conditions. Listeners generously endorse utterances as belonging to focus categories other than 
the one intended by the speaker, indicated here by the large amount of “equal” ratings (both 
dialogues in the trial rated as equally acceptable). Beyond these general patterns, and in line with 
our earlier findings, there are also clear differences among responses for different pairings of 
target focus and competitor focus category.  

For BroadT, there is evidence that listeners are more likely to endorse a broad focus 
prosody correctly paired to a broad focus discourse context when the competitor pairs 
ContrastiveC prosody with the broad focus context than when the competitor pairing has GivenC 

prosody. This asymmetry is seen in the comparison of “equal” and “preferred” responses for 
BroadT when paired with ContrastiveC (“equal”: β = 0.29 [0.21,0.37]; “preferred”: β = 0.58 
[0.52,0.64]) compared to when paired with GivenC (“equal”: β = 0.47 [0.39,0.54]; “preferred”: β 
= 0.4 [0.3,0.5]) or NarrowC (“equal”: β = 0.45 [0.37,0.53]; “preferred”: β = 0.43 [0.33,0.53]). 



This asymmetry in response pattern suggests, again, that listeners find it easier to correctly 
endorse a BroadT focus prosody when ContrastiveC focus is the competitor, than with other 
competitor categories. 

In line with that, there is evidence that when paired with BroadC, ContrastiveT elicits 
fewer “equal” and more “preferred” responses (“equal”: β = 0.38 [0.28,0.48]; “preferred”: β = 
0.5 [0.41,0.6]) than when ContrastiveT is paired with NarrowC (“equal”: β = 0.54 [0.48,0.58]; 
“preferred”: β = 0.26 [0.13,0.39]). Again, Broad and Contrastive focus categories elicit the 
strongest endorsements. 
 For GivenT, there is substantial evidence that ContrastiveC elicits fewer “equal” and more 
“preferred” and always responses (“equal”: β = 0.19 [0.12,0.27]; “preferred”: β = 0.63 
[0.59,0.66]; “always”: β = 0.16 [0.1,0.24]) than BroadC (“equal”: β = 0.54 [0.5,0.58]; 
“preferred”: β = 0.28 [0.2,0.36]; “always”: β = 0.02 [0.01,0.03])  and NarrowC (“equal”: β = 0.52 
[0.46,0.57]; “preferred”: β = 0.32 [0.22,0.42] ; “always”: β = 0.16 [0.1,0.24]), suggesting that 
listeners are most likely to endorse a GivenT prosody as correctly paired to its discourse context 
when the competitor pairing has ContrastiveC prosody.  
 Interestingly, NarrowT did not elicit different responses across competitor categories. All 
three conditions seem to behave similarly and exhibit predominantly “equal” responses. This 
response pattern indicates that listeners endorse all prosodic patterns conditions as equally 
acceptable in pairings with the Narrow focus discourse context. 

 
Figure 5: Stacked bar plots for the predicted probability of choosing one response over the others 
across target focus conditions and their accompanying focus competitors. Stacked bar plots are 
centred around the middle category (“equal”) indicated by the solid horizontal line. Visual mass 



above the line indicates tendency to prefer the match between prosody and focus condition, mass 
below the line indicates tendency to not prefer the match. 

 

5.2 Results for experiment 3: Two contexts – one prosodic form 

Figure 6 and Appendix 3 summarise the posterior distribution across conditions for the 2C-1P 
task. As opposed to the 1C-2P task, listeners do not show an overall tendency to endorse the 
stimuli pairings. There are generally stronger differences between focus conditions, with some 
eliciting responses predominantly on the negative end of the scale and others eliciting responses 
predominantly on the positive end of the scale. The generally weaker performance of listeners in 
this task compared to the 1C-2P task is in line with the results from Experiment 2.  

For BroadT, there is some evidence that NarrowC elicits more “dispreferred” and “equal” 
and less “preferred” ratings (“dispreferred”: β = 0.46 [0.39,0.53]; “equal”: β = 0.33 [0.27,0.39]; 
“preferred”: β = 0.11 [0.07,0.16]) than ContrastiveC (“dispreferred”: β = 0.24 [0.16,0.32]; 
“equal”: β = 0.41 [0.39,0.44]; “preferred”: β = 0.29 [0.21,0.38]) and GivenC (“dispreferred”: β = 
0.21 [0.15,0.27]; “equal”: β = 0.41 [0.38,0.43]; “preferred”: β = 0.32 [0.24,0.4]). A general bias 
against BroadT cannot be observed here (remember, in the forced choice 2C-1P task, BroadT was 
systematically avoided as a possible response, whether congruent or incongruent on the trial).  

The general bias in favor of the NarrowC competitor remains apparent in experiment 3. 
When NarrowC is available as a response option, listeners tend to prefer it over BroadT. The bias 
towards Narrow responses is also seen for ContrastiveT. When paired with NarrowC, listeners 
selected more “dispreferred” and “equal” responses as well as less “preferred” responses 
(“dispreferred”: β = 0.36 [0.26,0.46]; “equal”: β = 0.39 [0.34,0.43]; “preferred”: β = 0.18 
[0.11,0.25]) than when ContrastiveT was paired with GivenC (“dispreferred”: β = 0.07 
[0.04,0.11]; “equal”: β = 0.25 [0.17,0.33]; “preferred”: β = 0.55 [0.49,0.61]) and BroadC 
(“dispreferred”: β = 0.06 [0.04,0.09]; “equal”: β = 0.23 [0.17,0.3]; “preferred”: β = 0.56 
[0.51,0.6]).  



 
Figure 6: Stacked bar plots for the predicted probability of choosing one response over the others 
across target focus conditions and their accompanying focus competitors. Stacked bar plots are 
centred around the middle category (“equal”) indicated by the solid horizontal line. Visual mass 
above the line indicates tendency to prefer the match between prosody and focus condition, mass 
below the line indicates the tendency to not prefer the match. 
 

Overall, Experiment 3 confirms the results from Experiments 1 and 2. Listeners can match 
different prosodic realisations to their speaker-intended focus categories, but listeners’ 
performance differed across focus category pairs. In the 1C-2P task, endorsement was highest for 
the pairs {Contrastive, Given} as well as {Contrastive, Broad}. The acoustic overlap of their 
prosodic realisations explains some of these differences. The other pairs were not as well 
endorsed, including {Contrastive, Narrow} and {Given, Narrow}.  

In the 2C-1P tasks, endorsement rates were generally more variable. In Experiment 3, 
where listeners are given more nuanced response options, the bias against matching a prosodic 
pattern to a BroadT focus condition is not apparent anymore, but we do find evidence for the bias 
favouring matches to a Narrow focus condition, with weaker endorsement rates for NarrowC and 
strong endorsement rates for NarrowT. 

In sum, the experiment with a 5-point response option qualitatively confirmed most of the 
results from Experiments 1 and 2. It also becomes clear that given more nuanced response 
dimensions, listeners turn out to be very liberal when it comes to acceptable matches between 
prosodic form and focus-related meaning established by discourse context. 
 



6. General Discussion 

6.1 Summary 

We have reported on three experiments to answer the question whether listeners perceive focus-
related meaning on the basis of the prosodic form of an utterance. In Experiment 1, listeners had 
to decide which of two acoustic realisations matches a particular focus-related meaning 
established by the immediate discourse context (1C-2P). Listeners were able to distinguish 
different prosodic forms to match a certain focus category with above chance accuracy. Although 
listeners were able to match acoustic form and intended focus context, accuracy was rather low 
and performance varied strongly across different focus pairs. While some pairs of prosodically 
encoded focus categories seem to be more accurately distinguished (e.g. Contrastive vs. Broad, 
Contrastive vs. Given), other pairs elicited substantially worse performance, sometimes even 
failing to show above-chance accuracy (e.g. Given vs. Narrow).  

In Experiment 2, listeners had to decide which of two focus categories specified by 
different discourse contexts is the best match to a particular acoustic prosodic form (2C-1P). This 
experiment uncovered interesting divergent results from Experiment 1, with listeners having 
greater difficulty matching question-answer pairs. We observed biases against selecting Broad 
focus as a match to any prosodic form, and favouring matches to Narrow focus to any prosodic 
form. These results suggest that listeners are influenced by other aspects of the stimuli than just 
the prosodic information in the signal (which they were clearly able to use during 1C-2P). As 
opposed to observed biases with Broad and Narrow focus prosody, listeners were able to assign 
Given and Contrastive prosodic realisations to their congruent discourse contexts. 

Experiment 3 conceptually replicated Experiments 1 and 2 but using a 5-point scalar 
response option instead of a two-alternatives forced choice task. The results confirm what we 
have observed for the other experiments with one notable exception. The strong bias towards 
Broad focus vanishes in the 2C-1P task, suggesting that the bias towards Broad focus contexts 
only surfaces when listeners have to categorically decide for or against a context. When they 
have less restricted decision options, e.g. being able to choose that neither of the offered 
question-answer pairs is a better match, no bias against matches to the Broad focus context 
manifests anymore.  

This is not true for the Narrow focus bias. Experiment 3 shows that listeners have a clear 
bias towards Narrow focus contexts, confirming that this focus type allows for a large variety of 
different prosodic realisations. 

While we can confirm our hypothesis that listeners are sensitive to the acoustic prosodic 
expression of focus categories, there are two groups of questions that arise from our results: 
First, why are listeners’ accuracies generally so low and why are some categories better 
distinguished than others? Second, why are listeners generally biased to match utterances with 
certain contexts but not with others? 



6.2 Perceptual sensitivity is dependent on target and competitor category 

The prosodic realisations of our stimuli are acoustically distinct (i.e. an LDA analysis can tease 
them apart with very high accuracy), so why do listeners have difficulties in mapping the speech 
signal onto speaker intentions? 

One could argue that the low accuracy might be an artefact of the task, being artificial to 
some extent and devoid of (linguistic) functionality. Acoustic cues are more pronounced when 
the interlocutor is present (Breen et al., 2010; Buxo-Lugo, Toscana, & Watson, 2018; Turnbull, 
Royer, Ito, & Speer, 2017), when the speaker believes that the listener is distracted (Rosa, Finch, 
Bergeson, & Arnold, 2015), and when there is ambiguity in the context (Snedeker & Trueswell, 
2003). Our model speaker produced her utterances in a context which is largely devoid of a 
communicative context, and listeners might not be able to access their entire knowledge about 
possible form-function mappings within the experiment. However, even in the experiment by 
Breen et al. (2010) which took great care in creating a functional communication situation 
between speakers and listeners, listeners still had difficulties mapping acoustic form onto 
intended focus type. This suggests that the low accuracy that we obtained is not necessarily an 
artefact of the task. Any explanation hinging on the artificial nature of the task also does not 
account for the fact that listeners can assign some prosodic forms to their intended focus context, 
in fact, with very high accuracy. 

An alternative interpretation might be related to the amount of acoustic overlap between 
prosodic realisations of focus types. Concentrating on the f0 maxima on the subject and the object 
constituent (as strongly related to the phonological pitch accent placement and pitch accent 
choice, see above), we can already see that some focus categories overlap more than others. For 
the f0 maxima of the subject, the focus categories fall into two groups. Both the Broad and 
Contrastive groups, and the Given and Narrow groups overlap substantially. For the f0 max of the 
object, Broad and Contrastive are actually well separated. Given and Narrow remain highly 
overlapping. These patterns reflect some of our 1C-2P results. Accuracy for Contrastive 
competing with Broad and Given was high, much higher than accuracy for Contrastive 
competing with Narrow. However, Given and Broad exhibit very well separated distributions in 
f0 max, but elicit weaker accuracy, suggesting that there may be factors affecting their 
performance that go beyond simple acoustic overlap between categories. 
 

Linguistic meaning is signalled by many temporally distributed cues throughout the 
discourse (e.g. Winter, 2014). Breen et al. (2010) showed that listeners’ accuracies went up when 
the target sentences were preceded by the phrase “I heard that”, suggesting that speakers signal 
focus categories prosodically on preceding syntactic material. Similarly, Xu and Xu (2005) 
found that focus categories are differentiated by both expanded pitch range on the focused 
constituents as well as post-focal compression on the lexical items following the focused 
constituent. Beyond distributed redundancy in the speech signal, non-verbal context might 
provide important disambiguating information. Speech communication does not happen in a 
void, but is accompanied by changes in body posture, head position, gaze, facial expressions, and 



manual gestures (e.g. Kendon, 2004; McNeill, 1992). For example, Krahmer and Swerts (2007) 
showed that Dutch speakers place more acoustic emphasis on words if their production is 
accompanied by a visual cue (eyebrow movement or head nod) and that subjects are more likely 
to perceive a word as prominent if accompanied by a visual cue. In an experiment such as the 
one that is the focus of the present analysis, in which speech stimuli are presented with very 
limited context, listeners have only a subset of information channels to make decisions about 
prosodically encoded meaning related to focus, leading to less certainty about their decisions. 
Some categories might benefit more or less from these contextual effects, accounting for 
category-specific performances. 

Yet another aspect to consider is the inherent probabilistic nature of form-function 
mappings in prosody. One could argue that focus categories, as many other discourse functions, 
may not be discretely signalled by prosody in a deterministic way. In other words, listeners may 
be sensitive to prosodic cues, while recognising ambiguity in the mapping back to the speaker-
intended meaning. Accumulating evidence reveals that intonation is characterised by a many-to-
many-mapping between prosodic form and discourse function (Cangemi et al., 2015; Chodroff & 
Cole, 2018; Cruttenden, 1986; Grice et al., 2017; Peppé et al., 2000; Roettger, 2017, Turnbull, 
2017). Specific prosodic forms are probabilistically associated with certain discourse functions. 
Language users have access to this knowledge which is reflected in (discretely) variable speech 
production patterns (one and the same speaker uses discretely different phonological forms to 
signal the same meaning) which results in observed flexibility in the comprehension of 
prosodically encoded discourse meaning in the lab (e.g. Grice et al., 2017; Roettger, 2017; 
Roettger & Grice, 2015).  

In order to avoid making mappings that are different from those intended by the speaker, 
listeners need to adapt with respect to a given speaker (or a given context). The response data 
analysed here come from a series of experiments in which listeners rated as few as 18 utterances 
from a single speaker, offering only a slim basis for adaptation. A failure to adapt means that the 
listener’s prior knowledge plays a greater role in speech perception. If listeners’ prior beliefs of 
the form-function mapping for prosody is characterised by stochastic distributions rather than 
deterministic one-to-one relationships, that could account for some of the variability in the 
response patterns analysed here.  
 

6.3 Listeners have biased expectations about suitable contexts 

The rather low and inconsistent performance in mapping between prosodic form and discourse 
meaning might be a natural disposition of language users. The present study, like older studies 
on the perception of prosodic meaning, suggests that mapping an utterance onto a pragmatic 
meaning in the absence of a genuine communicative context is a difficult task and one that elicits 
highly variable performance from listeners. Nonetheless, and despite the inherent stochasticity of 
intonational form-function mappings, there are several studies showing that listeners rapidly 
integrate intonational information to anticipate speaker intentions (e.g., Dahan et al., 2002; Ito & 
Speer, 2008; Roettger & Stoeber, 2017; Watson et al., 2008; Weber et al., 2006). Listeners’ 



ability to make use of bottom-up acoustic cues may be complemented by probabilistic 
knowledge about speaker production likelihoods, i.e. how likely the speaker is to use a particular 
prosodic form in order to express a particular discourse function (Buxo-Lugo, 2017; Buxo-Lugo 
& Watson, 2016; Kurumada et al. 2014, b, Roettger & Franke, 2018a,b).  

For example, in Roettger and Franke (2018a,b), listeners were exposed to two intonation 
contours. These contours exhibited early intonational cues to speaker intentions, i.e. cues that 
become available before the lexical content disambiguates between competing interpretations of 
discourse meaning. Roettger and Franke showed that the assumed production likelihood of a 
prosodic cue predicted listeners’ anticipatory behaviour at the beginning of the experiment as 
well as its development through exposure to confirming or disconfirming observations. In other 
words, when exposed to stochastically confirming or disconfirming form-function mappings, 
listeners adapt to what extent they predictively use an intonational cue. If listeners learn that an 
intonational cue (e.g. a particular pitch accent) is uninformative, they appear to weigh the 
informational value of that cue less heavily (see also Kurumada et al., 2014).5 Roettger and 
Franke’s results are in line with the assumption that language users have probabilistic knowledge 
about the stochastic co-occurrence of prosodic form and discourse function. 

Coming back to the present findings, the above insights may offer an explanation as to 
why listeners are biased to (erroneously) reject broad focus and to (erroneously) accept narrow 
focus in the 2C-1P task. The broad focus question was a question like “What has happened?”. 
This (or similar questions) are often used to elicit broad focus in the experimental literature. 
Semantically, this question does not pre-activate any discourse relations and allows for an out-of-
the-blue interpretation. However, this discourse context is pragmatically very rare. We rarely 
encounter out-of-the-blue scenarios without any prior knowledge about the discourse, thus the 
likelihood of a speaker expressing (truly) Broad focus is arguably very low. As opposed to that, 
the Given context, i.e. repeating the previously heard proposition, and Contrastive focus, i.e. 
correcting the previously heard proposition, are very common discourse scenarios, albeit 
occurring in very specific discourse contexts. Finally, narrowly focusing a constituent is arguably 
a very general pragmatic function that applies to many different discourse contexts. We 
encounter a Narrow focus context very often, thus the likelihood of a speaker expressing Narrow 
focus is arguably very high. For exposition purposes, let us assume that Narrow and Broad focus 
are not prosodically differentiated (so any intonational cue (I) has the same probability (P) of 
expressing Narrow (N) and Broad (B) focus, i.e. P(I|B) = P(I|N)). If the prior assumption about 
how likely a discourse function is expressed is asymmetric, i.e. P(B) < P(N), listeners would 
believe that Narrow focus is more likely to be expressed by any given prosodic form, i.e. the 
probability of a Narrow focus interpretation, given any intonational cue would be higher than the 
probability of a Broad focus interpretation, via Bayes Rule, cf. (1):  

                                                
5 This adaptive behavior is in line with language users adapting readily to their immediate local context in syntax 
(e.g. Fine, Jaeger, Farmer, & Qian, 2013; Jaeger & Snider, 2013), pragmatics (e.g. Grodner & Sedivy, 2011; 
Yildirim et al., 2016), and, most importantly, in speech (e.g. Kleinschmidt & Jaeger, 2015; Norris et al., 2003). 
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These types of assumptions are in line with an rational analysis approach (Anderson, 1990) to 
speech perception (e.g. Clayards et al., 2008; Kleinschmidt & Jaeger, 2015), assuming that 
prosodic perception and processing can be conceptualised as a process of inference under 
uncertainty: listeners know that certain discourse functions are realised as a distribution of 
acoustic cues and the listener probabilistically infers how likely any given speaker intention is, 
taking into account both their knowledge about stochastic cue distributions as well as their 
knowledge about speaker and context. We want to emphasize that this is an ad-hoc explanation 
that remains speculative until further investigations. We believe, however, that this explanation 
offers an insightful perspective on previous findings in general and our findings in particular.  
 

7. Conclusion 

The prosodic modulation of speech is a tremendously important aspect of human language. 
However, our knowledge as to how language users interpret prosody to guide intention 
recognition is still surprisingly small. The present paper contributes to this knowledge. We have 
presented evidence that listeners can use prosodic information to infer the intended information 
structure of an utterance, even in a laboratory setting that is devoid of contextual information. 
These results complement the existing literature on American English in that they clearly show 
listener’s ability to discriminate prosodic forms intended by the speaker to signal focus types 
(e.g. Breen et al., 2010; Gussenhoven, 1983; Welby, 2003). Our study further contributes to 
research on prosody and meaning in general in that our 2C-1P tasks allow us to uncover certain 
meaning biases in how listeners associate prosodic forms with focus-related discourse meaning. 
The experimental tasks used here may tap into comprehension processes that are not only 
informed by acoustic information but also by listeners’ prior knowledge of the contextual 
probability of a prosodic form.  
  More clearly than in previous studies, the experiments presented in this study suggest a 
high degree of overlap in the pairing of prosodic form and information structure categories, with 
some prosodically encoded focus types being more accurately associated with discourse contexts 
than others. These differences may be related to different degrees of acoustic / perceptual overlap 
between the prosodic categories. Although we did not investigate a representative sample of 
production data, we have discussed idiosyncratic patterns of our model speaker for whom some 
categories may be more or less overlapping with regard to relevant phonetic dimensions.  

In addition to acoustic prosodic properties of the intended focus types, our data suggests 
additional factors contributing to listeners’ mappings of form onto function: Listeners appear to 
be influenced by their probabilistic knowledge about how likely a speaker is to produce a certain 
prosodic form and how likely this form will be used as intended by a speaker to communicate a 
certain discourse function. The latter explanation can account for the observed meaning biases 
and is in line with recent studies on intonational processing (Buxo-Lugo & Watson, 2016; 



Kurumada et al. 2014, Roettger & Franke, 2018a,b) and speech perception in general (e.g. 
Clayards et al., 2008; Kleinschmidt & Jaeger, 2015; Kleinschmidt et al., 2018; Norris et al., 
2003). This explanation, although grounded in recent experimental studies, remains speculative 
and should merely serve as a departure point for future studies working on the mapping of 
prosody and meaning.  

We conclude that listeners infer speaker intentions based on both bottom-up acoustic cues 
and top-down probabilistic expectations about likely intonation contours. 
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9. Appendix 

Appendix 1: All target statements and corresponding context questions used in experiments 1-3.  
 
Broad Focus Do you know what happened yesterday? 

  
(a) Daisy warned the owner. 
Narrow Focus Do you know who warned the owner? 
Contrastive Focus Did Jennifer warn the owner? 
Given Did Daisy warn the owner? 
  
(b) Damon fried the omelet. 
Narrow Focus Do you know who fried the omelet? 
Contrastive Focus Did Pam fry the omelet? 
Given Did Damon fry the omelet? 
  
(c) Dorah filmed the movie. 
Narrow Focus Do you know who filmed the movie? 
Contrastive Focus Did Susy film the movie? 
Given Did Dorah film the movie? 
  
(d) Harry raised the window. 
Narrow Focus Do you know who raised the window? 
Contrastive Focus Did Tom raise the window? 
Given Did Harry raise the window? 
  
(e) Jamie dyed the laundry. 
Narrow Focus Do you know who dyed the laundry? 
Contrastive Focus Did Colin dye the laundry? 
Given Did Jamie dye the laundry? 

  
(f) Jonny helped the warden. 
Narrow Focus Do you know who helped the warden? 
Contrastive Focus Did Liz help the warden? 
Given Did Jonny help the warden? 

  
(g) Jonah burned the onion. 
Narrow Focus Do you know who burned the onion? 
Contrastive Focus Did Mark burn the onion? 
Given Did Jonah burn the onion? 

  



(h) Maddie found the TV. 
Narrow Focus Do you know who found the TV? 
Contrastive Focus Did Jennifer find the TV? 
Given Did Maddie find the TV? 

  
(i) Mary rolled the barrel. 
Narrow Focus Do you know who rolled the barrel? 
Contrastive Focus Did Trisha roll the barrel? 
Given Did Mary roll the barrel? 



Appendix 2: Summary of posterior distributions for 1C-2P trials in Experiment 3: Posterior 
means (95% credible intervals in brackets) for all focus combinations for all five possible 
responses, given the data and the model. Dark shaded cells indicate conditions in which listeners 
selected given responses below chance and light shaded cells indicate conditions in which 
listeners selected given responses above chance according to set inferential criteria 
(systematically chosen) 
 

Target Competitor 
estimated probability of responses 

never dispreferred equal preferred always 

broad contr. 0 (0,0) 0.03 
(0.02,0.05) 

0.29 
(0.21,0.37) 

0.58 
(0.52,0.64) 

0.1 
(0.06,0.14) 

broad given 0.01 
(0,0.01) 

0.09 
(0.05,0.13) 

0.47 
(0.39,0.54) 

0.4 
(0.3,0.5) 

0.04 
(0.02,0.06) 

broad narrow 0.01 
(0,0.01) 

0.08 
(0.05,0.11) 

0.45 
(0.37,0.53) 

0.43 
(0.33,0.53) 

0.04 
(0.02,0.06) 

contr. broad 0 (0,0.01) 0.05 
(0.03,0.08) 

0.38 
(0.28,0.48) 

0.5 
(0.41,0.6) 

0.06 
(0.03,0.09) 

contr. given 0.01 
(0,0.01) 

0.06 
(0.03,0.11) 

0.4 
(0.27,0.52) 

0.48 
(0.34,0.6) 

0.06 
(0.02,0.09) 

contr. narrow 0.02 
(0.01,0.03) 

0.17 
(0.07,0.27) 

0.54 
(0.48,0.58) 

0.26 
(0.13,0.39) 

0.02 
(0.01,0.03) 

given broad 0.01 
(0.01,0.02) 

0.15 
(0.09,0.2) 

0.54 
(0.5,0.58) 

0.28 
(0.2,0.36) 

0.02 
(0.01,0.03) 

given contr. 0 (0,0) 0.02 
(0.01,0.03) 

0.19 
(0.12,0.27) 

0.63 
(0.59,0.66) 

0.16 
(0.1,0.24) 

given narrow 0.01 
(0.01,0.02) 

0.12 
(0.07,0.18) 

0.52 
(0.46,0.57) 

0.32 
(0.22,0.42) 

0.03 
(0.01,0.04) 

narrow broad 0.01 
(0.01,0.02) 

0.11 
(0.07,0.16) 

0.51 
(0.45,0.56) 

0.34 
(0.24,0.42) 

0.03 
(0.02,0.04) 

narrow contr. 0.01 
(0.01,0.02) 

0.15 
(0.09,0.22) 

0.54 
(0.49,0.58) 

0.27 
(0.18,0.38) 

0.02 
(0.01,0.03) 

narrow given 0.01 
(0.01,0.02) 

0.13 
(0.08,0.2) 

0.53 
(0.47,0.57) 

0.3 
(0.2,0.41) 

0.02 
(0.01,0.04) 

 



Appendix 3: Summary of posterior distributions for 2C-1P trials in Experiment 3: Posterior 
means (95% credible intervals in brackets) for all focus combinations for all five possible 
responses, given the data and the model. Dark shaded cells indicate conditions in which listeners 
selected given responses below chance and light shaded cells indicate conditions in which 
listeners selected given responses above chance according to set inferential criteria. 

Target Competitor 
estimated probability of responses 

never dispreferred equal preferred always 

broad contr. 0.03 
(0.02,0.04) 

0.24 
(0.16,0.32) 

0.41 
(0.39,0.44) 

0.29 
(0.21,0.38) 

0.03 
(0.02,0.05) 

broad given 0.02 
(0.01,0.03) 

0.21 
(0.15,0.27) 

0.41 
(0.38,0.43) 

0.32 
(0.24,0.4) 

0.04 
(0.02,0.05) 

broad narrow 0.09 
(0.05,0.13) 

0.46 
(0.39,0.53) 

0.33 
(0.27,0.39) 

0.11 
(0.07,0.16) 

0.01 
(0.01,0.01) 

contr. broad 0.01 
(0,0.01) 

0.06 
(0.04,0.09) 

0.23 
(0.17,0.3) 

0.56 
(0.51,0.6) 

0.14 
(0.09,0.19) 

contr. given 0.01 
(0,0.01) 

0.07 
(0.04,0.11) 

0.25 
(0.17,0.33) 

0.55 
(0.49,0.61) 

0.13 
(0.07,0.19) 

contr. narrow 0.05 
(0.03,0.08) 

0.36 
(0.26,0.46) 

0.39 
(0.34,0.43) 

0.18 
(0.11,0.25) 

0.02 
(0.01,0.02) 

given broad 0.02 
(0.01,0.03) 

0.18 
(0.12,0.23) 

0.39 
(0.35,0.43) 

0.37 
(0.29,0.45) 

0.05 
(0.03,0.07) 

given contr. 0.02 
(0.01,0.03) 

0.18 
(0.11,0.27) 

0.39 
(0.34,0.44) 

0.36 
(0.24,0.47) 

0.04 
(0.02,0.07) 

given narrow 0.04 
(0.02,0.07) 0.32 (0.2,0.43) 0.41 

(0.36,0.44) 
0.21 

(0.12,0.31) 
0.02 

(0.01,0.03) 

narrow broad 0 (0,0.01) 0.04 
(0.03,0.06) 

0.18 
(0.13,0.23) 

0.58 
(0.56,0.61) 

0.19 
(0.13,0.26) 

narrow contr. 0.02 
(0.01,0.03) 0.18 (0.1,0.25) 0.39 

(0.34,0.43) 
0.37 

(0.27,0.47) 
0.05 

(0.02,0.07) 

narrow given 0.01 
(0.01,0.02) 

0.13 
(0.08,0.18) 

0.35 
(0.29,0.41) 

0.45 
(0.35,0.53) 

0.07 
(0.04,0.1) 
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.BUUIFX (PSEPO� � 5JNP 3PFUUHFS�

"DPVTUJD DPSSFMBUFT PG XPSE TUSFTT� "
DSPTT�MJOHVJTUJD TVSWFZ
� 6OJWFSTJUZ PG $BMJGPSOJB 4BOUB #BSCBSB $" ����� 64" &�NBJM� NHPSEPO!MJOHVJTUJDT�VDTC�FEV
� 6OJWFSTJUZ PG $PMPHOF ����� $PMPHOF (FSNBOZ

"CTUSBDU�
Pda opq`u kb pda ]_kqope_ _knnah]pao kb skn` opnaoo d]o ^aaj ] bnqepbqh ]na] kb ldkjape_ naoa]n_d oej_a pda oaiej]h
naoa]n_d kj =iane_]j Ajcheod ^u @ajjeo Bnu kran 1, ua]no ]ck* Pdeo l]lan lnaoajpo naoqhpo kb ] _nkoo)hejcqeope_
oqnrau `aoecja` pk `eopehh ] _ha]nan le_pqna kb pda nah]pera nk^qopjaoo kb `e{anajp ]_kqope_ atlkjajpo kb sd]p
d]o ^aaj nabanna` pk ]o skn` opnaoo* @n]sejc kj ] oqnrau kb --, $oq^)% opq`eao kj 31 h]jcq]cao( sa `eo_qoo pda
nah]pera a{e_]_u kb r]nekqo ]_kqope_ l]n]iapano ej `eopejcqeodejc opnaoo haraho*
,FZXPSET� skn` opnaoo( ldkjape_o( ldkjkhkcu( pulkhkcu
%0*� -,*-1-1+hejcr]j).,-3),,,3
3FDFJWFE� I]n_d 3( .,-37 "DDFQUFE� =lneh .2( .,-3

� *OUSPEVDUJPO

Pda opq`u kb pda ]_kqope_ _knnah]pao kb skn` opnaoo d]o ^aaj ] bnqepbqh ]na] kb ldkjape_ naoa]n_d oej_a pda oaie)
j]h naoa]n_d kj =iane_]j Ajcheod ^u Bnu $-5117 -514% kran 1, ua]no ]ck* Pdeo l]lan lnaoajpo naoqhpo kb ] _nkoo)
hejcqeope_ oqnrau `aoecja` pk `eopehh ] _ha]nan le_pqna kb pda nah]pera nk^qopjaoo kb `e{anajp ]_kqope_ atlkjajpo
kb skn` opnaoo* Pda lnaoajp l]lan sehh jkp ]ppailp pk ]``naoo pda _kilhat eooqa kb oepq]pejc skn` opnaoo sepdej
pda ^nk]`an p]tkjkiu kb lnkok`e_ ouopaio $oaa >a_gi]j -5427 Dui]j .,,27 .,-07 ejpan ]he]%* N]pdan( sa ]o)
oqia skn` opnaoo $kn oeilhu Aopnaoo�% pk ^a pda ldkjkhkce_]h i]ngejc kb kja kn ikna lnkiejajp ouhh]^hao sepdej
pda ldkjkhkce_]h skn`* Ej ln]_pe_a( bkn i]ju kb pda h]jcq]cao oqnraua` ej pdeo l]lan( pda _h]ooe|_]pekj kb pda
lnkok`e_ ouopai eo jkp _kj_hqoera* Ej kn`an pk ^a ]o ej_hqoera ]o lkooe^ha( opq`eao kb h]jcq]cao sdkoa lnkok`e_
ouopaio ]na klaj pk ]hpanj]pera ejpanlnap]pekjo sana ej_hq`a` ej pda lnaoajp opq`u* =hpdkqcd bqpqna _kjoajoqo
iecdp oqccaop pd]p pdaoa h]jcq]cao ]na ^appan _h]ooe|a` ]o h]_gejc opnaoo( pdaen ej_hqoekj ej pda lnaoajp opq`u ]p
ha]op ]hhkso bkn _kjpatpq]hevejc pdaen ldkjape_ lnklanpeao nah]pera pk pda ^nk]`an hepan]pqna kj ]_kqope_ _knnah]pao
kb lnkiejaj_a*

� .FUIPEPMPHZ

Oaran]h `e{anajp lnei]nu okqn_ao sana _kjoqhpa`( ej_hq`ejc ] jqi^an kb ldkjape_o ]j` ]na]h opq`eao fkqnj]ho(
skngejc l]lano rkhqiao ]j` ^kkgo ]j` `eooanp]pekjo* Pda _knlqo $ej pda bkni kb ] p]^ha% eo lq^he_]hhu ]r]eh]^ha
kjheja ]p dpplo6++kob*ek+5n._`+ ]hkjcoe`a ] o_nelp pk nalnk`q_a naola_pera _kqjpo lnaoajpa` ej pdeo i]jqo_nelp*
Pk aop]^heod ] nahe]^ha ]j` ejbkni]pera _knlqo pd]p _]j ^a qoa` ej pda bqpqna( _epa` ]qpdkno ]na aj_kqn]ca` pk
oq^iep _knna_pekjo( eb sa d]ra ejpanlnapa` naola_pera ]ola_po kb pdaen iapdk` ]j`+kn naoqhpo ej_knna_phu* Bqnpdan(
sa ejrepa o_dkh]no pd]p d]ra lq^heoda` skng kj skn` opnaoo pd]p eo jkp hkcca` ej pda lnaoajp _knlqo pk od]na
pdaen naoqhpo sepd qo bkn ej_hqoekj ej pda `]p]^]oa*

=hpdkqcd pda `]p]^]oa s]o ejpaj`a` pk ^a ]o _kilnadajoera ]o lkooe^ha( i]ju skngo pd]p `a]hp sepd opnaoo
sana at_hq`a` bnki pda lnaoajp opq`u kj r]nekqo iapdk`khkce_]h cnkqj`o* Benop( l]lano ej sde_d iapdk`khkc)
e_]h `ao_nelpekj s]o pkk ol]noa kn r]cqa pk ]hhks bkn nalhe_]pekj sana at_hq`a`* Hegaseoa at_hq`a` sana opq`eao
pd]p `e` jkp lnaoajp mq]jpep]pera naoqhpo* =hok kieppa` sana l]lano jkp atlhe_ephu bk_qoa` kj opnaoo* L]lano kj
opnaoo sana ej_hq`a`( dksaran( araj eb atlaneiajp]h `aoecj _na]pa` _kjbkqj`o pd]p _kqh` naj`an `a|jepera ej)
panlnap]pekj kb naoqhpo eilkooe^ha* Bkn at]ilha( oaran]h opq`eao sana ^]oa` kj skn`o qppana` ej eokh]pekj sdana
skn`)harah opnaoo eo _kj}]pa` sepd ldn]oa)harah lnkiejaj_a( sdeha i]ju kpdano ailhkua` _]nnean ldn]oao ej
sde_d pda p]ncap skn` s]o $aepdan hegahu kn atlhe_ephu% bk_qoa`( pdana^u _na]pejc ] lkpajpe]h _kjbkqj` ^apsaaj
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ldn]oa)harah lnkiejaj_a ]j` skn`)harah opnaoo $oaa Nkappcan ]j` Ckn`kj pdeo rkhqia%* Bej]hhu( sa ej_hq`a`
kjhu opq`eao kj lklqh]pekjo _kjoeopejc kb ]`qhp ola]gano sepdkqp nalknpa` olaa_d eil]eniajpo*

Pda _knlqo aj_kil]ooa` ] pkp]h kb --, $oq^)%opq`eao kj 31 h]jcq]cao kn h]jcq]ca r]neapeao( a*ႊc* Fkn`]je]j
]j` Pqjeoe]j =n]^e_( =iane_]j ]j` >nepeod Ajcheod*- H]jcq]cao ej pda oqnrau ]na lhkppa` cakcn]lde_]hhu ej
Becqna - ]j` heopa` ej P]^ha - ]hkjc sepd pdaen cajape_ ]{ehe]pekj ]__kn`ejc pk pda -5pd a`epekj kb pda Apdjkhkcqa
$Haseo ap ]h* .,-2% ]j` pda okqn_ao _kjoqhpa` ej pda oqnrau*

7C<na3 S- Cakcn]lde_]h `eopne^qpekj kb h]jcq]cao ej_hq`a` ej pda oqnrau kb ]_kqope_ _knnah]pao kb opnaoo lhkppa` re] pdaihejcpulkhkcuv l]_g]ca $Iknkv .,-3% bkn N $.,-3%*

i�$I3 S- H]jcq]cao ej_hq`a` ej pda oqnrau kb ]_kqope_ _knnah]pao kb opnaoo*

H�N<n�<3 ;3N3jC, �|IC�jCRN bRna,3VcW
=haqp Aogeik)=haqp Nkvahha $-553%
=l]_da( Fe_]nehh] J] @aja Pqppha $.,,1%
=l]_da( O]j ?]nhko J] @aja Pqppha $.,,1%
=n]^e_( Fkn`]je]j =bnk)=oe]pe_ @a Fkjc ]j` V]s]u`ad $-555( .,,.%
=n]^e_( Pqjeoe]j =bnk)=oe]pe_ >kq_ddekq] $.,,4%
>]omqa( Ckevqap] Eokh]pa Dq]h`a ap ]h* $.,,4%
>ah]nqoe]j Ej`k)Aqnkla]j >kneoa $.,-1%
>aoai]d =qopnkjaoe]j I_@kjjahh $.,-0%
>ejejf Cqj)skg =qopn]he]j >eodkl $.,,.%( Bhap_dan ]j` Ar]jo $.,,.%
>qhc]ne]j Ej`k)Aqnkla]j ?nkoosdepa $.,,/%
?]p]h]j Ej`k)Aqnkla]j =opnq_ ]j` Lneapk $.,,2%( Knpac])Hha^]ne] ]j` Lneapk

$.,-,%
?d]^]_]jk( ?]repa ?nakha Haodk $.,-/%
?de_g]o]s Iqogkca]j Ckn`kj $.,,0%
?dqr]od Pqnge_ @k^nkrkhogu $-555%
?va_d Ej`k)Aqnkla]j @q^ő`] $.,,2%
@]h]^kj =qopn]he]j Bhap_dan ]j` Ar]jo $.,,.%
@qp_d Ej`k)Aqnkla]j Ohqefpan ]j` r]j Daqraj $-552%( Neaprah` ap ]h* $.,,0%
HiŊnehhkj Pqle)Cq]n]je Ckn`kj ]j` Nkoa $.,,2%
Ajcheod( =iane_]j Ej`k)Aqnkla]j Bnu $-511%( Hea^ani]j $-52,%( Dqoo $-534%( Lh]c ap ]h*

$.,--%
Ajcheod( >nepeod Ej`k)Aqnkla]j >kq_ddekq] $.,,/%( Anegookj ]j` Dah`jan $.,-1%
Aopkje]j Qn]he_ Hadeopa $-522%( Ckn`kj $-551%( Hellqo ap ]h* $.,,2%
Bejjeod Qn]he_ Pqki]ejaj ap ]h* $-555%( Oqkie ap ]h* $.,,-%
Bejjeod( Ejcne]j Qn]he_ Ckn`kj $.,,5%
Cani]j Ej`k)Aqnkla]j @kceh $-555%( Gha^an ]j` Ghelld]dj $.,,2%
Cnaag Ej`k)Aqnkla]j Rkcah ap ]h* $.,-2%
Da^nas =bnk)=oe]pe_ Oeh^an)R]nk` ap ]h* $.,-2%
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Dqjc]ne]j Qn]he_ Rkcah ap ]h* $.,-2%
Ej`kjaoe]j( F]r]jaoa =qopnkjaoe]j Cka`ai]jo ]j` r]j V]jpaj $.,,3%
Ej`kjaoe]j( jkj)F]r]jaoa =qopnkjaoe]j =`eo]oiepk)Oiepd ]j` ?kdj $-552%( Cka`ai]jo ]j` r]j

V]jpaj $.,,3%
Ep]he]j Ej`k)Aqnkla]j Anegookj ap ]h* $.,-2%
G�ag_de I]u]j >anejopaej $-535%
G]^]n`e]j Jknpd ?]q_]oe]j Ckn`kj ]j` =llha^]qi $.,-,%
Gqkp Eokh]pa Hej`opnƫi ]j` Naiefoaj $.,,1%
H]gdkp] Oekq]j ?dk $.,,2%
H]pre]j Ej`k)Aqnkla]j >kj` $-55-%
Hepdq]je]j Ej`k)Aqnkla]j @kceh $-555%
Herkje]j Qn]he_ Hadeopa ap ]h* $.,,4%
I]�u] =qopnkjaoe]j Naiefoaj $.,,.%
I]_a`kje]j Ej`k)Aqnkla]j ?nkoosdepa $.,,/%
Ia]`ks I]ne Qn]he_ Hadeopa ap ]h* $.,,1%
Ikjckhe]j Ikjckhe_ D]njq` $.,,/%
Ikn`rej( Avnu] Qn]he_ Hadeopa ap ]h* $.,,/%
Ikn`rej( Ikgod] Qn]he_ =]oiģa ap ]h* $.,-/%
J]dq]ph( >]ho]o Qpk)=vpa_]j Cqekj ap ]h* $.,-,%
L]es]j =qopnkjaoe]j ?daj $.,,5%
L]le]iajpq ?nakha Naiefoaj ]j` r]j Daqraj $.,,.%( Neran])?]opehhk ]j`

Le_ganejc $.,,0%
Lanoe]j Ej`k)Aqnkla]j O]`acde $.,--%
Len]dĢ Iqn] Aranapp $-554%
Lepf]jpf]pf]n] =qopn]he]j P]^]ej ap ]h* $.,-0%
Lkheod Ej`k)Aqnkla]j @kceh $-555%( ?nkoosdepa $.,,/%( Jashej)�qgkse_v $.,-.%
Lknpqcqaoa( >n]vehe]j Ej`k)Aqnkla]j >]n^ko] ap ]h* $.,-/%
Mqa_dq]( ?kj_dq_ko Mqa_dq] Dejpv $.,,2%
O]eoeu]p =qopnkjaoe]j ?de]jc ]j` ?de]jc $.,,1%
O]rko]rk ?ajpn]h Okhkikjo Oei]n` ap ]h* $.,-0%
Oag]je J] @aja D]ncqo $.,,1%
Oej`de Ej`k)Aqnkla]j =^^]oe $.,-1%
Ol]jeod Ej`k)Aqnkla]j Knpac])Hha^]ne] $.,,2%( Knpac])Hha^]ne] ]j` Lneapk $.,-,%
Omq]ieod O]heod P]i^qnne)S]pp ap ]h* $.,,,%
Op�ěp�ei_apo O]heod ?]h`a_kpp $.,,5%
Osa`eod Ej`k)Aqnkla]j >]n^ko] ap ]h* $.,-/%
P]c]hkc =qopnkjaoe]j Ckjv]hao $-53,%
P]ieh @n]re`e]j Ga]ja $.,,2%
P]j]j]( Iejpk J] @aja Pqppha $-554%
P]j]j]( O]h_d] J] @aja Pqppha $-554%
P]n]dqi]n] Qpk)=vpa_]j ?]^]hhank ]j` ?]nnkhh $.,-1%
P]odhdeup =bnk)=oe]pe_ Ckn`kj ]j` J]| $.,-.%( Nkappcan apႊ]h* $.,-1%
Pd]e P]e)G]`]e Lkpeoqg ap ]h* $-552%
Pkjc]j =qopnkjaoe]j C]nahhag ]j` Sdepa $.,-1%
Pqngeod Pqnge_ Hare $.,,1%( Lu_d] $.,,2%( Rkcah ap ]h* $.,-2%
Qn`q Ej`k)Aqnkla]j Dqoo]ej $-553%
Qpa( Okqpdanj Qpk)=vpa_]j K^anhu $.,,4%
Qucdqn Pqnge_ U]gql ]j` Oanajk $.,-2%
Sahod Ej`k)Aqnkla]j Sehhe]io $-54/( -555%
Sepoqsep�aj( >]^eja J] @aja D]ncqo $.,,1%
U]gei] O]d]lpej O]d]lpe]j D]ncqo ]j` >a]ranp $.,,2%

Bkn a]_d kb pda opq`eao $]j` oq^)opq`eao sepdej ] oejcha skng% pd]p o]peo|a` pda _nepane] bkn ej_hqoekj ej pda
oqnrau( oaran]h lea_ao kb ejbkni]pekj sana hkcca`( ej_hq`ejc pda j]ia kb pda h]jcq]ca( sdapdan pda h]jcq]ca
eo pkj]h $sde_d ej_hq`ao h]jcq]cao kbpaj nac]n`a` ]o d]rejc hate_]h ilep_d ]__ajpv n]pdan pd]j _]jkje_]h pkja%(
pda skn` opnaoo haraho at]ieja` $lnei]nu opnaoo $-O%( oa_kj`]nu opnaoo $.O% ]j` qjopnaooa` $QO%%( pda ]_kqope_
l]n]iapano qoa` pk atlnaoo skn` opnaoo( ]o sahh ]o kpdan iapdk`khkce_]h ]ola_po $oaa Nkappcan ]j` Ckn`kj pdeo
rkhqia( bkn `eo_qooekj%*
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Opq`eao ej pda `]p]^]oa `e{ana` ej pda ]_kqope_ `eiajoekj$o% ejraopec]pa`* Pdaoa _]j ^a _k]noahu ^nkgaj `ksj
ejpk bkqn _]packneao6 `qn]pekj( bqj`]iajp]h bnamqaj_u( ejpajoepu( ]j` ola_pn]h _d]n]_paneope_o*

Ej ikop opq`eao( `qn]pekj r]hqao sana p]gaj kb kjhu pda rksah* =hok ]ppaopa` sana ia]oqnao kb pda ouhh]^ha
neia $h]^aha` iNv ej pda `]p]^]oa%( pda jq_haqo $h]^aha` iJv% eb pda jq_haqo _kqh` ^a ] _kjokj]jp( pda ajpena
ouhh]^ha $h]^aha` iouhhv%( ]j` _kjokj]jp `qn]pekjo( pule_]hhu kb pda _kjopne_pekj bkn ouhh]^ha kjoapo $h]^aha` iKv%
]j`( ikna n]nahu( kb rke_a)kjoap)peia $h]^aha` iRKPv% r]hqao bkn kjoapo kn `qn]pekj r]hqao bkn ouhh]^ha _k`] _kj)
okj]jpo $h]^aha` i?v%* Ikop `qn]pekj ia]oqnaiajpo sana ]^okhqpa ia]oqnao _]h_qh]pa` kran ] ceraj `ki]ej(
]hpdkqcd okia opq`eao ailhkua` ia]oqnao nah]pera pk ]jkpdan oaciajp*

Pda ikop _kiikj bqj`]iajp]h bnamqaj_u ia]oqnaiajp $qjh]^aha` ej pda _knlqo% s]o pda ia]j bkn pda
rksah* Kpdan bqj`]iajp]h bnamqaj_u ia]oqnaiajpo $pule_]hhu bnki pda rksah% ej_hq`a` la]g B,( B, ]p rksah
ie`lkejp kn ]p pda ejpajoepu la]g( r]ne]^ehepu kb B, $_]h_qh]pa` ]o B, op]j`]n` `are]pekj% ]o sahh ]o peia r]nuejc
_d]n]_paneope_o oq_d ]o B, ohkla( kn r]hqao p]gaj ]p nacqh]n ejpanr]ho kb aepdan ] |ta` ]^okhqpa hajcpd kn ] |ta`
lnklknpekj kb ] oaciajp kn ouhh]^ha( a*c* mq]npan)hajcpd ejpanr]ho*

Pda ikop bnamqajp ia]oqna kb ejpajoepu ej pda `]p]^]oa s]o ]hok pda ia]j $qoq]hhu _]h_qh]pa` kran pda
rksah%( okiapeiao p]gaj ]o ] nah]pera ia]oqna ^apsaaj opnaooa` ]j` qjopnaooa` ouhh]^hao( sde_d dahlo pk iepe)
c]pa }q_pq]pekjo ej ejpajoepu ]ppne^qpa` pk `e{anaj_ao ej pda `eop]j_a ^apsaaj pda ikqpd ]j` pda ie_nkldkja
$eb jkp sknj kj pda da]`%* Haoo _kiikj sana ia]oqnaiajpo kb la]g ejpajoepu ]j` ejpajoepu ]p pda ie`lkejp kb
pda rksah ]j` pda ejpajoepu ejpacn]h( pda kran]hh ejpajoepu ]ccnac]pa` kran pda ajpena `qn]pekj kb pda p]ncap* Pdeo
ejpacn]pekj kb ejpajoepu kran peia _]lpqnao pda ej_na]oa` lan_alpq]h hkq`jaoo kb ] hkjcan opeiqhqo nah]pera pk ]
odknpan kja( ]p ha]op kran nah]perahu odknp `qn]pekjo _d]n]_paneope_ kb rksaho $oaa Ikkna .,-/%*

Pda |j]h i]_nk)_]packnu kb ia]oqnaiajpo _kilneoa` r]nekqo ola_pn]h ia]oqnao* Pda ikop _kiikj
bnamqaj_u)oajoepera ia]oqna _kjoeopa` kb bkni]jp r]hqao( pule_]hhu bkn pda |nop psk bkni]jpo* Pda kpdan pula kb
ola_pn]h ia]oqna k^oanra` ej pda `]p]^]oa na}a_po pda paj`aj_u bkn opnaooa` rksaho pk `eolh]u nah]perahu haoo
]ppajq]pekj kb ajancu ]p decdan bnamqaj_eao nah]pera pk qjopnaooa` r]hqao* Ia]oqnaiajpo kb ola_pn]h pehp sana
mq]jpe|a` ej r]nekqo s]uo `alaj`ejc kj pda opq`u( ej_hq`ejc bnamqaj_u)^kqj`a` ejpajoepu ^]j`o( nah]pera
]ilhepq`a kb pda |nop ]j` oa_kj` d]nikje_ $D-)D.%( ]ilhepq`a r]hqao kb d]nikje_o lnktei]h pk bkni]jpo(
ohkla kb ejpajoepu `a_hej]pekj ]o ] bqj_pekj kb bnamqaj_u( ]j` bnamqaj_u)]`fqopa` hkq`jaoo o_]hao oq_d ]o pda
ldkj*

Pda op]_ga` ^]n lhkp ej Becqna . cn]lde_]hhu `ale_po ^kpd pda jqi^an kb $oq^)% opq`eao $kqp kb ] pkp]h kb
--,% sde_d e`ajpe|a` ] ceraj ]_kqope_ l]n]iapan ]o ] i]ngan kb opnaoo $`]ng ^]no% ro* pda jqi^an kb opq`eao bkn
sde_d ] ceraj l]n]iapan s]o at]ieja` ^qp bkqj` jkp pk oecj]h opnaoo $cnau ^]no%* = l]n]iapan eo e`ajpe|a` ]o
] oq__aoobqh i]ngan kb opnaoo eb ep `eopejcqeodao ]p ha]op psk haraho kb opnaoo( e*ႊa* lnei]nu opnaooa` ro* qjopnaooa`(
lnei]nu opnaooa` ro* oa_kj`]nu opnaooa`( kn oa_kj`]nu opnaooa` ro* qjopnaooa`* Pda psk bnamqaj_u)oajoepera
ia]oqnao( bkni]jp bnamqaj_eao ]j` ola_pn]h pehp( ]na oal]n]pa` `qa pk pda ej_hqoekj kb `]p] kj ^kpd ej i]ju
opq`eao*

7C<na3 l- Jqi^an kb $oq^)% opq`eao bkn sde_d r]nekqo ]_kqope_ _knnah]pao kb opnaoo sana oq__aoobqh $^h]_g ^]no%( qjoq__aoo)
bqh $cnau ^]no%( ]j` jkp ia]oqna` $sdepa ^]no% ej `e{anajpe]pejc opnaoo harah*
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@qn]pekj s]o ^u b]n pda ikop bnamqajphu ia]oqna` lnklanpu ej pda `]p]^]oa $-,, kb --, $oq^)%opq`eao n]jcejc
kran 3. h]jcq]cao% ]j` ]hok pda ikop oq__aoobqh i]ngan kb opnaoo( `eopejcqeodejc opnaoo ej 41 kb -,, $oq^)% opq`eao
]j` 21 kb 3. h]jcq]cao*

Ejpanaopejchu( bkn oaran]h h]jcq]cao( kjhu _kjokj]jp ]j` jkp rksah `qn]pekj oq__aoobqhhu `eopejcqeoda` opnaoo
harah* Pdqo( ej Aopkje]j $Ckn`kj -5517 Hadeopa -522% ]j` Lajejoqh]n Ol]jeod Knpac])Hha^]ne] $.,,2% kjoapo sana
hajcpdaja` ej opnaooa` ouhh]^hao( sdeha ej Sahod $Sehhe]io -555% opnaooa` _k`]o sana `qn]pekj]hhu ajd]j_a`*
Rksaho ej H]gdkp] $?dk .,,2% sana ]hok jkp hajcpdaja` qj`an opnaoo( ]hpdkqcd RKP r]hqao bkn ]olen]pa` opklo
sana cna]pan ej kjoap lkoepekj kb opnaooa` ouhh]^hao nah]pera pk pdaen qjopnaooa` _kqjpanl]npo* Rksaho ej U]gei]
O]d]lpej $D]ncqo .,,1% sana ]hok jkp `qn]pekj]hhu `eopej_p ]o ] bqj_pekj kb opnaoo* Dksaran( _kjpn]nu pk pda
H]gdkp] naoqhpo( RKP r]hqao ej U]gei] O]d]lpej sana c@Raj3a bkn opklo ej pda kjoap kb opnaooa` ouhh]^hao* Pda
`erancaj_a ^apsaaj H]gdkp] ]j` U]gei] O]d]lpej _]j ^a qj`anopkk` ej panio kb _kjpn]op ajd]j_aiajp6 pda
ldkjaie_]hhu ]olen]pa` opklo kb H]gdkp] ]na ajd]j_a` ^u hajcpdajejc RKP( sdana]o pda qj]olen]pa` opklo kb
U]gei] O]d]lpej ]na ajd]j_a` ^u odknpajejc RKP r]hqao*

Bej]hhu( pdana ]na ] bas bqnpdan opq`eao ej sde_d ]j kran]hh hajcpdajejc a{a_p kj aepdan pda ouhh]^ha neia
$>kj` -55-7 kj H]pre]j( ?de]jc ]j` ?de]jc .,,17 kj O]eoeu]p% kn pda ajpena ouhh]^ha $Hadeopa ap ]h* .,,17 kj
Ia]`ks I]ne( O]`acde .,--7 kj Lanoe]j% aianca` qj`an opnaoo( ha]rejc pda oaciajp]h okqn_a kb pda ]``epekj]h
hajcpd qj_ha]n*

��� 'VOEBNFOUBM GSFRVFODZ

Hkkgejc ]p B, pk at]ieja skn` opnaoo eo jkpknekqohu `e{e_qhp `qa pk pda _kiikj _k)k__qnnaj_a kb skn` harah
lnkiejaj_a ]j` lkop)hate_]h pkj]h arajpo oq_d ]o lep_d ]__ajpo $a*ႊc* >khejcan -5147 -52-7 >a_gi]j -5427 Dqoo
-5347 H]`` .,,47 ejpan ]he]%* =o `eo_qooa` ej Nkappcan ]j` Ckn`kj( i]ju opq`eao ej kqn _knlqo `k jkp ]hhks
bkn pa]oejc pdaoa haraho ]l]np* Pda bkhhksejc `eo_qooekj ]^kqp B, ]o ] i]ngan kb skn` opnaoo odkqh` pdqo ^a
ejpanlnapa` sepd _]qpekj( ] _]ra]p pd]p ]hok ]llheao pk pda kpdan ]_kqope_ l]n]iapano pk ] _anp]ej atpajp*

B, ia]oqnao i]nga` ]hhaca` skn` opnaoo ej 3/ႇ! $02 kb 2/% kb pda h]jcq]cao bkn sde_d ep s]o p]ncapa` bkn
ejraopec]pekj ej ]p ha]op kja opq`u* Pda oq__aoo n]pa kb B, ]o ] _knnah]pa kb opnaoo ^a_kiao araj decdan eb kja
at_hq`ao pda |ra pkja h]jcq]cao pd]p b]eh pk qoa B, pk i]ng opnaoo*

Araj eb pda h]jcq]cao bkn sde_d opq`eao `aikjopn]pa` B, pk ^a ] oecj]h kb opnaoo ^qp sde_d nahea` kj eokh]pekj
bknio ]na at_hq`a`( pdeo opehh ha]rao ] opnkjc i]fknepu kb h]jcq]cao ej pda `]p]^]oa pd]p qoa` B, pk `eopejcqeod
opnaoo harah* Ikop opq`eao ej sde_d B, s]o qoa` pk `e{anajpe]pa opnaoo ailhkua` ] op]pe_ ia]oqna( pule_]hhu pda
ia]j( ^qp ej okia h]jcq]cao( kjhu ] `uj]ie_ ]j` jkp ] op]pe_ ia]oqna kb B, s]o `e]cjkope_ kb opnaoo( a*ႊc*
Aopkje]j $Heer -5417 Ckn`kj -551%( Pd]e $Lkpeoqg ap ]h* -552%( ]j` Ep]he]j $Anegookj ap ]h* .,-2%*

Kb pda jeja pkja h]jcq]cao ej pda `]p]^]oa ej sde_d B, s]o at]ieja`( ep s]o nahe]^hu qoa` pk _qa opnaoo ej
kjhu psk( ^kpd kb sde_d h]_g pda _]jkje_]h lnk|ha kb ] pkja h]jcq]ca*. Ej Ckevqap] >]omqa $Dq]h`a ap ]h* .,,4%( ]
h]jcq]ca ej sde_d pkja eo heiepa` pk _anp]ej hate_]h epaio $] lnklanpu _d]n]_paneope_ kb pn]`epekj]h ilep_d ]__ajpv
h]jcq]cao%( B, `eopejcqeodao opnaoo harah kjhu ej skn`o h]_gejc hate_]hhu)ola_e|a` pkja* Ej >]ho]o J]dq]ph $Cqekj
ap ]h* .,-,%( B, d]o ^aaj nap]eja` ]o ] `e]cjkope_ kb opnaoo araj ej `e]ha_po pd]p d]ra `arahkla` ej_eleajp pkja
`eopej_pekjo sdeha opehh nap]ejejc raopecao kb pda knecej]h lajqhpei]pa opnaoo ouopai*

Ej ikop opq`eao ej sde_d bqj`]iajp]h bnamqaj_u `e]cjkoa` opnaoo( B, r]hqao sana cna]pan ej opnaooa` pd]j
qjopnaooa` ouhh]^hao( ]hpdkqcd pdana sana ] l]en kb opq`eao ej sde_d hksana` B, s]o ouilpki]pe_ kb opnaoo6 pda
ola]gano bnki H]dkna $^qp jkp pda kja bnki G]n]_de% ej pda Dqoo]ej $-553% opq`u kb Qn`q ]j` pda eokh]pekj
skn`o $^qp jkp pdkoa ej _kjpatp% ej Anegookj�o apႊ]h*�o $.,-2% naoa]n_d kj Ep]he]j*

=hpdkqcd i]ju kb pda B, a{a_po k^oanra` ej pda `]p]^]oa _kqh` ^a ]ppne^qpa` pk lkop)hate_]h lnkiejaj_a
$oaa Nkappcan ]j` Ckn`kj pdeo rkhqia bkn `eo_qooekj%( _anp]ej h]jcq]cao ej pda `]p]^]oa opehh `eolh]u ]j a{a_p
kb opnaoo kj B, sdaj pdaoa b]_pkno ]na ]ll]najphu _kjpnkhha` bkn ^u lh]_ejc pda p]ncap skn` ej ]j qppan]j_a ej
sde_d ]jkpdan skn` eo atlhe_ephu bk_qoa`( a*ႊc* Bejjeod $Oqkie ap ]h* .,,-%( Cnaag( Dqjc]ne]j( ]j` Lajejoq)
h]n Ol]jeod $Rkcah ap ]h* .,-2%* Kj pda kpdan d]j`( pda lkooe^ehepu pd]p p]ncap skn`o ]na opehh ]ook_e]pa` sepd ]
ldn]o]h ]__ajp _]jjkp ^a `a|jepahu at_hq`a` araj ej _]oao sdana ]jkpdan _kjopepqajp eo atlhe_ephu bk_qoa`* Rk)
cah ap ]h* $.,-26-/0% ]hhq`a pk pdeo lkooe^ehepu( sde_d ateopo ]ju peia pda p]ncap skn` eo ouopai]pe_]hhu r]nea` ej ]
iap]hejcqeope_ _]nnean ldn]oa sdeha pda naop kb pda ldn]oa eo dah` _kjop]jp( ]o ej pdaen opq`u*

��� 0WFSBMM JOUFOTJUZ

Jkj)bnamqaj_u)`alaj`ajp ia]oqnao kb ejpajoepu $a*ႊc* ia]j( la]g( ie`lkejp% d]` oeieh]n oq__aoo pk B, ej pdaen
_]l]_epu pk `e]cjkoa opnaoo( bqj_pekjejc ]o ] i]ngan kb opnaoo ej 31ႇ! $/5 kb 1.% kb h]jcq]cao* Ej pdnaa opq`eao
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aj_kil]ooejc psk h]jcq]cao( @k^nkrkhogu $-555% kj ?dqr]od( Hea^ani]j $-52,%( >a_gi]j $-542% kj =iane_]j
Ajcheod( pda nahar]jp ejpajoepu ia]oqna s]o pda ejpajoepu ejpacn]h( sde_d ej_knlkn]pao `qn]pekj*

= |j`ejc pd]p _]opo `kq^p kj pda a{e_]_u kb kran]hh ia]oqnao kb ejpajoepu( dksaran( eo pda k^oanr]pekj pd]p
bas kb pda opq`eao pd]p _kjpnkhha` bkn ldn]oa)harah lnkiejaj_a bkqj` ejpajoepu pk ^a ] nk^qop atlkjajp kb opnaoo*
Kb pda bkqn h]jcq]cao $Cnaag( Dqjc]ne]j( Ol]jeod( ]j` Pqngeod% ej pda Rkcah ap ]h* $.,-2% opq`u( kjhu Dqjc]ne]j
qoa` ia]j ejpajoepu pk `eopejcqeod opnaoo ej jkj)bk_qoa` p]ncap skn`o* Kpdanseoa( kjhu ej L]le]iajpq $Naiefoaj
]j` R]j Daqraj .,,.% s]o ia]j ejpajoepu nahe]^hu ]ook_e]pa` sepd opnaoo ej ] _ha]nhu `abk_qoa` _kj`epekj*
Jkp]^hu( pdkqcd( L]le]iajpq eo ] pkja h]jcq]ca( ej sde_d( ]o iajpekja` a]nhean( B, eo haoo na]`ehu ]r]eh]^ha bkn
_kjrauejc opnaoo `eopej_pekjo* Ep eo hegahu jk _kej_e`aj_a pd]p oet kb pda oaraj pkja h]jcq]cao ej pda `]p]^]oa bkn
sde_d ]j kran]hh ia]oqna kb ejpajoepu s]o p]gaj $]hh at_alp Pd]e% ailhkua` ejpajoepu ]o ] i]ngan kb opnaoo*

��� 'SFRVFODZ�TFOTJUJWF JOUFOTJUZ

Kb pda -5 h]jcq]cao bkn sde_d ]p ha]op kja opq`u p]ncapa` ] bnamqaj_u)`alaj`ajp ejpajoepu ia]oqna( -2 $40ႇ!%
qoa` oq_d ] ia]oqna pk `e{anajpe]pa opnaoo haraho( sdana pda ejpajoepu kb opnaooa` rksaho s]o saecdpa` $ej
renpq]hhu ]hh _]oao% pks]n` decdan bnamqaj_eao ej _kil]neokj pk qjopnaooa` rksaho* Pda at_alpekj]h h]jcq]cao
ej sde_d ola_pn]h pehp s]o jkp ]j atlkjajp kb opnaoo sana Lepf]jpf]pf]n] $P]^]ej ap ]h* .,-0%( Lajejoqh]n Ol]jeod
$Knpac])Hha^]ne] ]j` Lneapk .,-,%( ]j` >n]vehe]j Lknpqcqaoa $>]n^ko] ap ]h* .,-/%*

Opq`eao `e{an _kjoe`an]^hu ej dks pdau mq]jpebu ola_pn]h pehp* Ikop opq`eao $pda qji]nga` _]oa ej pda _kn)
lqo% _kil]na pda nah]pera ejpajoepu kb `e{anajp bnamqaj_u ^]j`o ej pda ola_pnqi ]o ]j ej`at kb opnaoo( sdana pda
bnamqaj_u kb pdaoa ^]j`o r]neao ]_nkoo opq`eao lkpajpe]hhu _kjpne^qpejc pk `e{anaj_ao ^apsaaj opq`eao ej naoqhpo
bkn pda o]ia h]jcq]ca( a*ႊc* Lneapk ]j` Knpac])Hha^]ne] $.,,2% ro* Knpac])Hha^]ne] ]j` Lneapk $.,-,% kj Lajejoq)
h]n Ol]jeod* Kj pda kpdan d]j`( Dqoo]ej $-553%( Cqekj ap ]h* $.,-,% (/C]nahhag ]j` Sdepa $.,-1%( ?]^]hhank ]j`
?]nnkhh $.,-1%0 at]ieja pda nah]pera ejpajoepu kb pda |nop psk d]nikje_o $D-)D.%( sde_d eo pule_]hhu ]j]huva`
]o ]j ej`at kb rke_a mq]hepu $Ckn`kj ]j` H]`abkca` .,,-%* Oujpdaoevejc pda D-)D. naoqhpo ]_nkoo pdaoa opq`eao
oqccaopo ] l]ppanj kb ej_na]oa` ^na]pdejaoo ej qjopnaooa` rksaho nah]pera pk pdaen opnaooa` _kqjpanl]npo*

Ej oqii]nu( ]hpdkqcd ola_pn]h pehp eo _anp]ejhu ] lnkieoejc _knnah]pa kb opnaoo( pda `eranoepu kb eilhaiajp])
pekjo i]gao ep `e{e_qhp pk `a|jeperahu aop]^heod epo nahe]^ehepu nah]pera pk kpdan lkpajpe]h i]ngano kb opnaoo*

��� 'PSNBOU GSFRVFODZ

Pda |j]h ia]oqna ]ooaooa` ej oaran]h opq`eao s]o bkni]jp bnamqaj_u( ikop _kiikjhu pda |nop $B-% ]j` oa_)
kj` $B.% bkni]jp( sde_d _]j ^a ejpanlnapa` ]o ej`e_ao kb _ajpn]hepu ]hkjc pda daecdp `eiajoekj ej pda _]oa kb
B-( na}a_pejc `acnaa kb f]s klajejc $Ane_gokj ]j` G]s]d]n] .,-2%( ]j` ^]_gjaoo ej pda _]oa kb B.( na}a_pejc
pkjcqa `knoqi ]`r]j_aiajp+napn]_pekj $Ane_gokj .,,.% `eiajoekjo* Pule_]hhu( opnaooa` rksaho paj` pk ^a ikna
laneldan]h pd]j qjopnaooa` rksaho( ]hpdkqcd pdana eo ] _kjpn]nu a{a_p k^oanra` ej okia h]jcq]cao sdana^u
opnaooa` rksaho i]u ^a hksan ej pda ]_kqope_ ol]_a $na}a_pejc ] hksana` f]s lkoepekj% pd]j pdaen qjopnaooa`
_kqjpanl]npo 3q3N C8 j@Cc 3Nj�CIc � LRa3 ,3Nja�I �ajC,nI�jCRN( a*ႊc* ej pda _]oa kb decd rksaho $oaa ?nkoosdepa .,,0 kj
pda pulkhkcu kb opnaoo)nah]pa` a{a_po kj rksah mq]hepu%*

Ej ejpanlnapejc pda `]p]^]oa naoqhpo( bkni]jp bnamqaj_u s]o _h]ooa` ]o ] nahe]^ha _knnah]pa kb opnaoo ej ] h]j)
cq]ca eb 3Cj@3a pda |nop kn oa_kj` bkni]jp nahe]^hu `eopejcqeoda` ]ju ldkjaie_ rksaho ]o ] bqj_pekj kb opnaoo ej
kja kn ikna opq`eao kb pda h]jcq]ca* Ej 42ႇ! $.1 kb .5% kb h]jcq]cao bkn sde_d bkni]jp `]p] ]lla]na` rksah
mq]hepu `e{ana` ]o ] bqj_pekj kb opnaoo( pdkqcd ep odkqh` ^a iajpekja` pd]p pda `]p]^]oa `e` jkp ej_hq`a opq`eao
kb _anp]ej h]jcq]cao ej pda `]p]^]oa pd]p d]ra ^aaj `aikjopn]pa` ej kpdan skng pk d]ra opnaoo)ej`q_a` rksah
na`q_pekj( a*ႊc* Ajcheod $Hej`^hki -52/%( Nqooe]j $L]`capp ]j` P]^]ej .,,1%( ]j` Bejjeod $Seeg -521%*

Ej i]ju kb pdkoa h]jcq]cao ej sde_d rksah mq]hepu `e{ana` ]o ] bqj_pekj kb opnaoo( pda a{a_p s]o heiepa`
pk _anp]ej rksaho ]j`+kn kjhu kja bkni]jp* Pda bkni]jp$o% ]j` rksah mq]hepeao `e{anajpe]pa` ^u opnaoo r]nea`
bnki h]jcq]ca pk h]jcq]ca i]gejc ep `e{e_qhp pk `n]s ]ju o]heajp _nkoo)hejcqeope_ cajan]hev]pekjo ]^kqp pda ldk)
jape_ j]pqna kb na`q_pekj kpdan pd]j pda sahh)gjksj paj`aj_u bkn opnaooa` rksaho pk k__qlu ] ikna laneldan]h
rksah ol]_a pd]j pdaen qjopnaooa` _kqjpanl]npo* Ep eo ]hok jkpasknpdu pd]p jkja kb pda opq`eao pd]p _kjpnkhha`
bkn ldn]oa)harah lnkiejaj_a bkqj` nahe]^ha `e{anaj_ao ej pda |nop ]j` oa_kj` bkni]jp ^apsaaj opnaooa` ]j`
qjopnaooa` ouhh]^hao*

��� 3FMBUJWF FǭlDBDZ PG EJǭGFSFOU DVFT

Ep eo lkooe^ha ej lnej_elha pk ar]hq]pa pda nah]pera a{a_perajaoo kb `e{anajp ]_kqope_ _qao jkp kjhu ej ]ccnac]pa
]_nkoo h]jcq]cao ^qp ]hok ej h]jcq]cao pd]p qoa iqhpelha lnklanpeao pk `eopejcqeod opnaoo haraho* Pdana ]na aecdp
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opq`eao nalnaoajpejc aharaj `e{anajp h]jcq]cao ej pda `]p]^]oa pd]p qoa op]peope_]h ]j]huoao( aepdan hkceope_ na)
cnaooekj kn heja]n `eo_neiej]jp ]j]huoeo( pk ]ooaoo pda nah]pera _]l]_epu kb `e{anajp ]_kqope_ `eiajoekjo pk lna)
`e_p opnaoo harah* ?nq_e]hhu( pda aopei]pekjo ]na ^]oa` lqnahu kj lnk`q_pekj `]p] ]j` `k jkp eilhu ]ju lan_alpq]h
saecdpejc* Ej oet kb pda aharaj h]jcq]cao( ]j B, lnklanpu $aepdan ia]j kn _d]jca% s]o pda ikop nahe]^ha lna`e_)
pkn kb opnaoo harah6 >anejopaej $-535% kj G�ag_de( C]nahhag ]j` Sdepa $.,-1% kj Pkjc]j( ]j` Rkcah ap ]h* $.,-2%
kj Cnaag( Dqjc]ne]j( Ol]jeod( ]j` Pqngeod* Ej pda nai]ejejc |ra h]jcq]cao( `qn]pekj aianca` ]o pda ikop
lna`e_pera kb opnaoo6 Lkpeoqg ap ]h* $-552% kj Pd]e( Ohqefpan ]j` r]j Daqraj $-552% kj @qp_d( Naiefoaj $.,,.% kj
I]�u]( Naiefoaj ]j` R]j Daqraj $.,,.% kj L]le]iajpq( ]j` Oeh^an)R]nk` ap ]h* $.,-2% kj Da^nas* Pda a`ca ej
b]rkn kb B, ^a_kiao araj cna]pan eb kja at_hq`ao pda pdnaa pkja h]jcq]cao ]ikjc pda aharaj( I]�u]( Pd]e ]j`
L]le]iajpq( ej ]hh kb sde_d `qn]pekj eo ] ^appan lna`e_pkn kb opnaoo*

Pda naoqhpo kb pda heja]n `eo_neiej]jp ]j]huoao ej pda Rkcah ap ]h* $.,-2% opq`u kb Cnaag( Dqjc]ne]j( Ol]jeod(
]j` Pqngeod `aikjopn]pa kran]hh ejpajoepu ]j` rksah mq]hepu pk ^a nah]perahu qjnahe]^ha lna`e_pkno kb opnaoo* Ep
odkqh` ^a jkpa`( dksaran( pd]p kjhu psk kb pda |ra opq`eao pd]p `ena_phu _kil]na` _qao( Ohqefpan ]j` r]j Daqraj
$-552% kj @qp_d ]j` Naiefoaj $.,,.% kj I]�u]( ej_knlkn]pa` ] ia]oqna kb ola_pn]h pehp( i]gejc ep `e{e_qhp pk
]ooaoo pda a{e_]_u kb ola_pn]h pehp ]o ] i]ngan kb opnaoo nah]pera pk kpdan ]_kqope_ lnklanpeao*

� "DPVTUJD FWJEFODF GPS TFDPOEBSZ TUSFTT

=hpdkqcd ikop opq`eao ej pda oqnrau ar]hq]pa` kjhu pda ]_kqope_ `eopej_pekj ^apsaaj lnei]nu opnaooa` ]j`
qjopnaooa` ouhh]^hao( pdana sana .- l]lano pd]p ]hok _kjoe`ana` pda ]_kqope_ are`aj_a bkn oa_kj`]nu opnaoo( ]
_kjpajpekqo eooqa ej pda opnaoo hepan]pqna bkn i]ju h]jcq]cao( a*ႊc* Lkheod ]j` Aopkje]j $oaa D]uao -551 bkn pdaoa
]j` kpdan _]oao%* Land]lo jkp oqnlneoejchu( are`aj_a bkn oa_kj`]nu opnaoo ]o `eopej_p bnki ^kpd lnei]nu opnaoo
]j` h]_g kb opnaoo s]o haoo _kilahhejc ej pda oqnrau pd]j are`aj_a bkn ] `eopej_pekj ^apsaaj lnei]nu opnaooa`
ouhh]^hao ]j` qjopnaooa` kjao* Ej ikop opq`eao( oa_kj`]nu opnaoo s]o `eopejcqeoda` bnki kpdan haraho qoejc kjhu
] oq^oap kb lnklanpeao pd]p sana qoa` pk `eopejcqeod lnei]nu opnaoo bnki h]_g kb opnaoo* Kjhu psk opq`eao( Ckn)
`kj $.,,0% kj ?de_g]o]s ]j` Neapr]h` ap ]h* $.,,0% kj @qp_d( `eopejcqeoda` oa_kj`]nu opnaooa` ouhh]^hao bnki
^kpd pdaen lnei]nu opnaooa` ]j` qjopnaooa` _kqjpanl]npo ]hkjc ]hh pda `eiajoekjo pd]p `e{anajpe]pa` lnei]nu
opnaooa` ]j` qjopnaooa` ouhh]^hao* Kpdanseoa( oa_kj`]nu opnaooa` ouhh]^hao sana jaqpn]heva` sepd aepdan lnei]nu
opnaooa` kn qjopnaooa` ouhh]^hao bkn ]p ha]op kja l]n]iapan pd]p i]nga` pda _kjpn]op ^apsaaj lnei]nu opnaoo ]j`
h]_g kb opnaoo* Pda ikop pajqkqo `eopej_pekj ej ikop _]oao s]o ^apsaaj oa_kj`]nu opnaoo ]j` h]_g kb opnaoo* Rks)
aho _h]eia` ej pda ldkjkhkce_]h hepan]pqna pk _]nnu oa_kj`]nu opnaoo sana jkp `e{anajp bnki qjopnaooa` rksaho
]hkjc ]ju `eiajoekj ej Anvu] Ikn`rej $Hadeopa ap ]h* .,,/%( Lepf]jpf]pf]n] $P]^]ej ap ]h* .,-0%( Lkheod $@kceh -5557
Jashej)�qgkse_v .,-.%( ]j` >n]vehe]j Lknpqcqaoa $>]n^ko] ap ]h* .,-/%* Oeieh]nhu( pda `eopej_pekj ^apsaaj oa_)
kj`]nu opnaoo ]j` h]_g kb opnaoo ej Cani]j $Gha^an ]j` Ghelld]dj .,,2% s]o kjhu are`ajp bkn `qn]pekj bkn kjhu
psk $kb oet% rksah mq]hepeao ]j` kjhu bkn kja kn psk $kb oet% ola]gano* Ej Ejcne]j Bejjeod $Ckn`kj .,,5%( kjhu
ohecdp hajcpdajejc kb rke_a` kjoapo aianca` ]o ] lkpajpe]h _qa pk oa_kj`]nu opnaoo ]o `eopej_p bnki h]_g kb opnaoo(
sdeha B,( ejpajoepu( ]j` hajcpdajejc kb ]hh kjoapo `e{anajpe]pa` lnei]nu opnaooa` ouhh]^hao bnki qjopnaooa` ouh)
h]^hao* C]nahhag ]j` Sdepa $.,-1% |j` ] oeieh]n l]ppanj kb opnkjcan ]_kqope_ are`aj_a bkn lnei]nu opnaoo nah]pera
pk oa_kj`]nu opnaoo ej pdaen opq`u kb Pkjc]j6 ej ] heja]n `eo_neiej]jp ]j]huoeo( pdau k^oanra iq_d decdan _h]ooe|)
_]pekj n]pao bkn pda lnei]nu opnaoo ro* qjopnaooa` `eopej_pekj pd]j pda oa_kj`]nu opnaoo ro* qjopnaooa` `e{anaj_a
$45*-ႇ! ro* 20*1ႇ!%*

Ej oqii]nu( pda oa]n_d bkn oa_kj`]nu opnaoo ]o ] `eopej_p harah kb lnkiejaj_a lnkra` cajan]hhu ikna ahqoera
ej pda `]p]^]oa pd]j pda `e]cjkoeo kb lnei]nu opnaoo( ] |j`ejc pd]p eo _kjoeopajp sepd pda ateopaj_a kb oaran]h
`eolqpa` _]oao kb oa_kj`]nu opnaoo ej pda ldkjkhkce_]h hepan]pqna*

� "DPVTUJD DPSSFMBUFT PG TUSFTT BOE QSPTPEJD UBYPOPNZ

Pda `]p]^]oa lnkre`ao ]_kqope_ are`aj_a bkn opnaoo ej ] lnkok`e_]hhu `eranoa oap kb h]jcq]cao* Are`aj_a bkn
opnaoo aianca` bkn h]jcq]cao sepd lna`e_p]^ha ldkjkhkce_]h opnaoo( ^kpd saecdp)oajoepera opnaoo( a*ႊc* ?de_g]o]s(
Omq]ieod( ]j` opne_phu `aheiej]pera $lnei]nu% opnaoo( a*ႊc* Lkheod( Bejjeod( ]o sahh ]o pdkoa sepd nk^qop ldkjaie_
opnaoo `eopej_pekjo( a*ႊc* Nqooe]j( Da^nas( ]j` sepd ietpqnao kb ldkjaie_ ]j` lna`e_p]^ha opnaoo( a*ႊc* Ajcheod(
Ol]jeod* Bkn ] bas h]jcq]cao cajan]hhu ]__alpa` pk d]ra opnaoo( pda _kjoqhpa` opq`eao sana pkk lnaheiej]nu pk
k{an _kilahhejc ]_kqope_ are`aj_a kb opnaoo* Bkn at]ilha( oi]hh opq`eao kb opnaoo ej ?va_d $@q^ő`] .,,2% ]j`
H]gdkp] $?dk .,,2% b]eha` pk lnkre`a `a|jepera _knnk^kn]pekj kb opnaoo lkpajpe]hhu `qa aepdan pk pdaen _kj|ja)
iajp pk ] oejcha lkpajpe]h _knnah]pa kb opnaoo( a*ႊc* ej ?va_d( kn pdaen oi]hh o]ilha oeva( a*ႊc* pda oejcha ola]gan
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at]ieja` ej pda H]gdkp] opq`u* Lnaoqi]^hu( bqpqna opq`eao kb pdaoa h]jcq]cao sehh lnkre`a ikna _kjrej_ejc
are`aj_a kb opnaoo*

Are`aj_a bkn opnaoo ]hok aianca` bkn pkja h]jcq]cao( n]jcejc bnki pdkoa sepd ikna _]jkje_]h kja)pk)kja
i]llejco ^apsaaj ouhh]^hao ]j` pkjao( a*ႊc* Pd]e ]j` Len]dĢ( pk pdkoa sepd ikna heiepa` pkja( e*ႊa* lep_d ]__aj)
pq]h( ouopaio( a*ႊc* >]omqa ]j` Osa`eod* Jkp oqnlneoejchu( ej h]jcq]cao sepd hate_]h pkja _kjpn]opo( B, pule_]hhu
lh]ua` ] oq^oanreajp nkha ej oecj]hejc opnaoo*

=hok ej_hq`a` ej pda `]p]^]oa sana opq`eao kb okia h]jcq]cao sdkoa nah]pekjodel pk pda pkja)opnaoo _kj)
pejqqi eo haoo _ha]n* Na_ajp hepan]pqna d]o nara]ha` pda ateopaj_a kb okia h]jcq]cao h]_gejc are`aj_a bkn aepdan
hate_]h pkja kn skn`)harah opnaoo* Ej pdaoa iejpkj]pekj)kjhuv ouopaio( pda ikop o]heajp lnkok`e_ arajpo ]na ]p)
pne^qpa` pk pda ejpkj]pekj ouopai ej pda bkni kb ldn]o]h pkjao na]heva` ]p kn ja]n a`cao kb lnkok`e_ ldn]oao*
H]jcq]cao |ppejc pdeo lnk|ha kb d]rejc ldn]o]h lnkok`u n]pdan pd]j skn`)harah opnaoo ej_hq`a ^kpd okia jkp
]lla]nejc ej pda `]p]^]oa( a*ႊc* Gkna]j $Fqj -55/% ]j` Bnaj_d $Fqj ]j` Bkqcankj -551%( ]o sahh ]o ] bas at]i)
eja` ej opq`eao _kjoe`ana` dana* Kja nahar]jp _]oa eo Ej`kjaoe]j( sde_d d]o pn]`epekj]hhu ^aaj nac]n`a` ]o ]
h]jcq]ca sepd skn`)harah opnaoo ^qp sdkoa iai^anodel ej pdeo lnkok`e_ _]packnu d]o ikna na_ajphu ^aaj mqao)
pekja` $oaa Cka`ai]jo ]j` r]j V]jpaj .,,3 bkn `eo_qooekj%* Cka`ai]jo ]j` r]j V]jpaj $.,,3% odks pd]p pda
]_kqope_ _knnah]pao kb opnaoo ej Ej`kjaoe]j( sde_d bqj_pekjo ]o ] hejcq] bn]j_] bkn ola]gano sepd `eranoa j]pera
h]jcq]ca ^]_gcnkqj`o( `eranca od]nlhu ^]oa` kj pda oq^opn]pa h]jcq]ca kb pda ola]gan* Pdqo( pdaen ola]gan kb
Pk^] >]p]g( ] h]jcq]ca sepd _ha]nhu `eo_anje^ha opnaoo `eopej_pekjo ej pda ]_kqope_ `ki]ej( i]ngo opnaoo ej Ej)
`kjaoe]j ]hkjc iqhpelha `eiajoekjo $`qn]pekj( B,( ]j` ejpajoepu%( sdana]o pdaen ola]gan kb F]r]jaoa( ]jkpdan
h]jcq]ca h]_gejc nk^qop skn`)harah opnaoo( b]eho pk oecj]h opnaoo pdnkqcd ]ju kb pdaoa ]_kqope_ lnklanpeao* Pda
naoqhpo bkn pdaen Pk^] >]p]g ola]gan l]n]hhah pdkoa bkn pda jkj)F]r]jaoa ola]gano kb Ej`kjaoe]j ej pda a]nhean
=`eo]oiepk)Oiepd ]j` ?kdj $-552% opq`u( oqccaopejc pd]p Ej`kjaoe]j lkpajpe]hhu h]_go ]_kqope_ are`aj_a bkn
skn`)harah opnaoo ej`alaj`ajp kb pn]joban a{a_po ]ook_e]pa` sepd ola]gano bnki kpdan h]jcq]cao sepd skn`
opnaoo*

=jkpdan h]jcq]ca ej pda `]p]^]oa pd]p lh]qoe^hu h]_go ^kpd pkja ]j` skn`)harah opnaoo eo P]odhdeup* Sdaj
_kjpnkhhejc bkn ldn]oa)harah _kjbkqj`o( Nkappcan ap ]h* $.,-17 oaa ]hok Nkappcan7 bkn ] `ap]eha` ]j]huoeo% |j` jk
are`aj_a bkn _kjoeopajp opnaoo kj pda |j]h ouhh]^ha _kjpn] a]nhean naoqhpo bnki Ckn`kj ]j` J]| $.,-.%* Uap ]jkpdan
h]jcq]ca ej pda oqnrau h]_gejc _kilahhejc are`aj_a bkn skn`)harah opnaoo eo P]ieh( ej sde_d jkja kb pda lkpajpe]h
]_kqope_ _knnah]pao $`qn]pekj( ejpajoepu( ]j` B,% kb opnaoo aianca` ]o nahe]^ha ej Ga]ja $.,,2% opq`u*

Ej oqii]nu( ]hpdkqcd opnaoo ]lla]no pk ^a ]j ]_kqope_]hhu i]jebaopa` ldkjkhkce_]h lnklanpu ej ^kpd opnaoo
h]jcq]cao ]o sahh ]o ej pkja h]jcq]cao( epo qjerano]h op]pqo $araj ej h]jcq]cao h]_gejc hate_]h pkja% nai]ejo pk
^a _knnk^kn]pa`*

� 4VNNBSZ

Naoqhpo kb ] oqnrau kb --, opq`eao kb 31 h]jcq]cao ej`e_]pa pd]p ] h]nca jqi^an kb l]n]iapano lkpajpe]hhu oec)
j]h opnaoo( ej_hq`ejc `qn]pekj $jkp fqop kb pda rksah ^qp ]hok pda kjoap _kjokj]jp%( r]nekqo B, ba]pqnao( kran]hh
ejpajoepu( ]ooknpa` bnamqaj_u)saecdpa` ia]oqnao kb ejpajoepu( ]j` rksah bkni]jp bnamqaj_eao* Opq`eao r]nu _kj)
oe`an]^hu ej sde_d oq^oap kb pdaoa lkpajpe]h opnaoo _knnah]pao ]na at]ieja`( i]gejc ep `e{e_qhp pk aop]^heod sde_d
kjao ]na ikop _kjoeopajphu _qao pk opnaoo* Op]peope_]hhu( `qn]pekj s]o pda ikop nahe]^ha atlkjajp kb opnaoo ]_nkoo
h]jcq]cao( ]hpdkqcd ]hh kb pda ia]oqna` l]n]iapano oq__aa`a` ej `e{anajpe]pejc opnaoo ej pda i]fknepu kb h]j)
cq]cao bkn sde_d pdau sana ]ooaooa`* Ej ikop opq`eao pd]p ejraopec]pa` oa_kj`]nu opnaoo( ep s]o `eopejcqeoda`
bnki lnei]nu opnaoo ]j`+kn h]_g kb opnaoo pdnkqcd kjhu ] oq^oap kb l]n]iapano `e{anajpe]pejc lnei]nu opnaoo
bnki jk opnaoo*

Pdeo opq`u pdqo k{ano ] |nop _nkoo)hejcqeope_ ]ooaooiajp kb pda nah]pera nk^qopjaoo kb `e{anajp lkpajpe]h
]_kqope_ atlkjajpo kb skn` opnaoo* Dksaran( ]o nai]nga` pdnkqcdkqp pda i]jqo_nelp( pda |j`ejco jaa` pk
^a _kjoe`ana` ej hecdp kb pda iapdk`khkcu ailhkua` ej pda opq`eao _kilneoejc pda oqnrau* ?]nabqhhu ar]hq)
]pejc atlaneiajp]h `aoecj _dke_ao ]j` op]peope_]h ]j]huoao kb pda `eo_qooa` opq`eao $oaa Nkappcan ]j` Ckn`kj
pdeo rkhqia% ha]`o pk ] ikna _kjoanr]pera reas kb sd]p pda naoqhpo _]j cajqejahu pahh qo ]^kqp pda ldkjape_
i]jebaop]pekj kb skn` opnaoo*

"DLOPXMFEHNFOUT

Pda ]qpdkno pd]jg Odecapk G]s]d]n]( ]j ]jkjuikqo nareasan( ]j` pda @al]npiajp kb Ldkjape_o ej ?khkcja
bkn pdaen dahlbqh _kiiajpo ]j` baa`^]_g kj ]j a]nhean ranoekj kb pdeo i]jqo_nelp* =ju nai]ejejc annkno kn
ieo_kj_alpekjo ]na kqn ksj*
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/PUFT
-Pda oqnrau _kj}]pao ]o ] oejcha r]neapu( jkj)F]r]jaoa Ej`kjaoe]j( pda naoqhpo kb pda =`eo]oiepk)Oiepd ]j` ?kdj $-552% opq`u kb Ej)

`kjaoe]j ^]oa` kj pda olaa_d kb ] jkj)F]r]jaoa oq^opn]pa ola]gan ]j` pda naoqhpo bkn pda Pk^] >]p]g oq^opn]pa ola]gan kb Ej`kjaoe]j ej pda
Cka`ai]jo ]j` r]j V]jpaj $.,,3% opq`u $sde_d ]hok ej_hq`ao naoqhpo bkn ] F]r]jaoa oq^opn]pa ola]gan%*

.Ej ] pden` pkja h]jcq]ca( Iejpk P]j]j] $Pqppha -554%( B, d]o ] i]ncej]h op]pqo ]o ] opnaoo _knnah]pa( kjhu qoa` pk `e{anajpe]pa opnaoo bkn
odknp ^qp jkp hkjc rksaho*

/Cqekj ap ]h* $.,-,% ]hok ]j]huva D-)=. $pda ejpajoepu kb pda d]nikje_ _hkoaop pk pda oa_kj` bkni]jp%*
0C]nahhag ]j` Sdepa $.,-1% ]hok p]ga ] ia]oqna kb _alopn]h la]g lnkiejaj_a $?LL% pk ]ooaoo pda `acnaa kb lanek`e_epu ej pda oecj]h*

3FGFSFODFT
"BTNģF /JJOB 1ģSUFM -JQQVT ,BSM 1BKVTBMV /FMF 4BMWFTUF 5BUKBOB ;JSOBTL � 5JJU�3FJO 7JJUTP� ����� .PLTIB 1SPTPEZ� 	.ŊNPJSFT EF MB 4PDJŊUŊ

'JOOP�0VHSJFOOF ���
 )FMTJOLJ� 4VPNBMBJT�6HSJMBJOFO 4FVSB�
"CCBTJ "CEVM .BMJL� ����� 1IPOFUJD BOBMZTJT PG MFYJDBM TUSFTT JO 4JOEIJ� -BIPSF 1BLJTUBO� 6OJWFSTJUZ PG .BOBHFNFOU BOE 5FDIOPMPHZ� 1I% EJTTFS�

UBUJPO�
"EJTBTNJUP�4NJUI /JLFO � "CJHBJM $� $PIO� ����� 1IPOFUJD DPSSFMBUFT PG QSJNBSZ BOE TFDPOEBSZ TUSFTT JO *OEPOFTJBO� " QSFMJNJOBSZ TUVEZ�

8PSLJOH QBQFST PG UIF $PSOFMM QIPOFUJDT MBCPSBUPSZ ��� �o���
"TUSVD -MVŵTB � 1JMBS 1SJFUP� ����� "DPVTUJD DVFT PG TUSFTT BOE BDDFOU JO $BUBMBO� 1SPDFFEJOHT PG �SE *OUFSOBUJPOBM $POGFSFODF PO 4QFFDI 1SPTPEZ

%SFTEFO (FSNBOZ�
#BSCPTB 1MŲOJP "OEFST &SJLTTPO � +PFM/LFTTPO� ����� $SPTT�MJOHVJTUJD TJNJMBSJUJFT BOE EJǯGFSFODFT PG MFYJDBM TUSFTT SFBMJTBUJPO JO 4XFEJTI BOE

#SB[JMJBO 1PSUVHVFTF� *O &� -� "TV � 1ģSUFM -JQQVT 	FET�
 /PSEJD 1SPTPEZ 1SPDFFEJOHT PG UIF �UI $POGFSFODF 5BSUV ���� ��o���� 'SBOLGVSU BN
.BJO� 1FUFS -BOH�

#FDLNBO .BSZ� ����� 4USFTT BOE OPO�TUSFTT BDDFOU� %PSESFDIU� 'PSJT�
#FSJOTUFJO "WB� ����� " DSPTT�MJOHVJTUJD TUVEZ PO UIF QFSDFQUJPO BOE QSPEVDUJPO PG TUSFTT� 6$-" 8PSLJOH 1BQFST JO 1IPOFUJDT ��� -PT "OHFMFT�

6$-"�
#JTIPQ +VEJUI� ����� A4USFTT BDDFOU� XJUIPVU QIPOFUJD TUSFTT� "DDFOU UZQF BOE EJTUSJCVUJPO JO #JOJOK (VO�XPL� 1SPDFFEJOHT PG �TU *OUFSOBUJPOBM

$POGFSFODF PO 4QFFDI 1SPTPEZ "JY�FO�1SPWFODF 'SBODF�
#PMJOHFS %XJHIU -� ����� " UIFPSZ PG QJUDI BDDFOU JO &OHMJTI� 8PSE ��� ���o����
#PMJOHFS %XJHIU -� ����� $POUSBTUJWF BDDFOU BOE DPOUSBTUJWF TUSFTT� -BOHVBHF ��	�
� ��o���
#POE %[JOUSB� ����� 7PXFM BOE XPSE EVSBUJPO JO -BUWJBO� +PVSOBM PG #BMUJD 4UVEJFT ��� ���o����
#PSJTF -FOB� ����� 1SPNJOFODF SFEJTUSJCVUJPO JO UIF "ǥDJVLJ EJBMFDU PG #FMBSVTJBO� 'PSNBM "QQSPBDIFT UP 4MBWJD -JOHVJTUJDT ��� 	"DDFTTFE �� .BZ

���� BU IUUQT���XXX�OZV�FEV�QSPKFDUT�GBTM���QSPDFFEJOHT�CPSJTF@GBTM���QEG
�
#PVDIIJPVB /BEJB� ����� %VSBUJPO BT B DVF UP TUSFTT BOE BDDFOU JO 5VOJTJBO "SBCJD /BUJWF &OHMJTI BOE -� &OHMJTI� 1SPDFFEJOH PG �UI*OUFSOB�

UJPOBM $POGFSFODF PO 4QFFDI 1SPTPEZ $BNQJOBT #SB[JM�
$BCBMMFSP (BCSJFMB � -VDJFO $BSSPMM� ����� 5POF BOE TUSFTT JO $IPHVJUB 3BSěNVSJ 	5BSBIVNBSB
 XPSE QSPTPEZ� *OUFSOBUJPOBM +PVSOBM PG "NFSJDBO

-JOHVJTUJDT ��� ���o����
$BMEFDPUU .BSJBO� ����� /PO�FYIBVTUJWF QBSTJOH� 1IPOFUJD BOE QIPOPMPHJDBM FWJEFODF GSPN 4UȕěUȕJNDFUT� 6OJWFSTJUZ PG #SJUJTI $PMVNCJB� 1I% EJT�

TFSUBUJPO�
$IFO $IVO�.FJ� ����� 5IF QIPOFUJDT PG 1BJXBO XPSE�MFWFM QSPTPEZ� -BOHVBHF BOE -JOHVJTUJDT ��� ���o����
$IJBOH 8FO�ZV � 'BOH�NFJ $IJBOH� ����� 4BJTJZBU BT B QJUDI BDDFOU MBOHVBHF� &WJEFODF GSPN BDPVTUJD TUVEZ PG XPSET� 0DFBOJD -JOHVJTUJDT ���

���o����
$IP 5BFIPOH� ����� "O BDPVTUJD TUVEZ PG UIF TUSFTT BOE JOUPOBUJPOBM TZTUFN JO -BLIPUB� " QSFMJNJOBSZ SFQPSU� 4QFFDI 4DJFODFT ��� ��o��� 	1VC�

MJTIFE CZ 5IF ,PSFBO "TTPDJBUJPO PG 4QFFDI 4DJFODFT

$SPTTXIJUF ,BUIFSJOF� ����� 4QFDUSBM UJMU BT B DVF UP XPSE TUSFTT JO 1PMJTI .BDFEPOJBO BOE #VMHBSJBO� 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM

$POHSFTT PG 1IPOFUJD 4DJFODFT #BSDFMPOB 4QBJO ���o����
$SPTTXIJUF ,BUIFSJOF� ����� 7PXFM SFEVDUJPO� *O #SVDF )BZFT %PODB 4UFSJBEF � 3PCFSU ,JSDIOFS 	FET�
 1IPOFUJDBMMZ CBTFE QIPOPMPHZ ���o����

/FX :PSL� $BNCSJEHF 6OJWFSTJUZ 1SFTT�
%F +POH ,FOOFUI � #VTISB "EOBO ;BXBZEFI� ����� 4USFTT EVSBUJPO BOE JOUPOBUJPO JO "SBCJD XPSE�MFWFM QSPTPEZ� +PVSOBM PG 1IPOFUJDT ���

�o���
%F +POH ,FOOFUI � #VTISB "EOBO ;BXBZEFI� ����� $PNQBSJOH TUSFTT MFYJDBM GPDVT BOE TFHNFOUBM GPDVT QBUUFSOT PG WBSJBUJPO JO "SBCJD

WPXFM EVSBUJPO� +PVSOBM PG 1IPOFUJDT ��� ��o���
%PCSPWPMTLZ .JDIBFM� ����� 5IF QIPOFUJDT PG $IVWBTI TUSFTT� *NQMJDBUJPOT GPS 1IPOPMPHZ� 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM $POHSFTT PG 1IP�

OFUJD 4DJFODFT #BSDFMPOB 4QBJO ���o����
%PHJM (S[FHPS[� ����� 5IF QIPOFUJD NBOJGFTUBUJPO PG XPSE TUSFTT JO -JUIVBOJBO 1PMJTI (FSNBO BOE 4QBOJTI� *O )BSSZ WBO EFS )VMTU 	FET�


8PSE QSPTPEJD TZTUFNT JO UIF MBOHVBHFT PG &VSPQF ���o���� /FX :PSL� .PVUPO EF (SVZUFS�
%VCőEB 5PNěǊ� ����� *OUFOTJUZ BT B NBDSPQSPTPEJD WBSJBCMF JO $[FDI� 1SPDFFEJOHT PG �SE *OUFSOBUJPOBM 4QFFDI 1SPTPEZ %SFTEFO (FSNBOZ�
&SJDLTPO %POOB� ����� "SUJDVMBUJPO PG FYUSFNF GPSNBOU QBUUFSOT GPS FNQIBTJ[FE WPXFMT� 1IPOFUJDB ��� ���o����
&SJDLTPO %POOB � 4IJHFUP ,BXBIBSB� ����� "SUJDVMBUPSZ DPSSFMBUFT PG NFUSJDBM TUSVDUVSF� 4UVEZJOH KBX EJTQMBDFNFOU QBUUFSOT� -JOHVJTUJDT

7BOHVBSE �	�
�
&SJLTTPO "OEFST 1JFS .BSDP #FSUJOFUUP .BUUJBT )FMEOFS 3PTBMCB /PEBSJ � (JPWBOOB -FOPDJ� ����� 5IF BDPVTUJDT PG MFYJDBM TUSFTT JO *UBMJBO BT

B GVODUJPO PG TUSFTT MFWFM BOE TQFBLJOH TUZMF� 1SPDFFEJOHT PG *OUFSTQFFDI ��� ����o�����
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&SJLTTPO "OEFST � .BUUJBT )FMEOFS� ����� 5IF BDPVTUJDT PG XPSE TUSFTT JO &OHMJTI BT B GVODUJPO PG TUSFTT MFWFM BOE TQFBLJOH TUZMF� 1SPDFFEJOHT PG
*OUFSTQFFDI ��� ��o���

&WFSFUU ,FSFO� ����� 5IF BDPVTUJD DPSSFMBUFT PG TUSFTT JO 1JSBIĢ� +PVSOBM PG "NB[POJBO -BOHVBHFT �	�
� ���o����
'MFUDIFS +BOFU � /JDIPMBT &WBOT� ����� "O BDPVTUJD QIPOFUJD BOBMZTJT PG JOUPOBUJPOBM QSPNJOFODF JO UXP "VTUSBMJBO MBOHVBHFT� +PVSOBM PG UIF

*OUFSOBUJPOBM 1IPOFUJD "TTPDJBUJPO ��� ���o����
'SZ %FOOJT #� ����� %VSBUJPO BOE JOUFOTJUZ BT QIZTJDBM DPSSFMBUFT PG MJOHVJTUJD TUSFTT� +PVSOBM PG UIF "DPVTUJDBM 4PDJFUZ PG "NFSJDB ��� ���o����
'SZ %FOOJT #� ����� &YQFSJNFOUT JO UIF QFSDFQUJPO PG TUSFTT� -BOHVBHF BOE 4QFFDI �� ���o����
(BSFMMFL .BSD � +BNFT 8IJUF� ����� 1IPOFUJDT PG 5POHBO TUSFTT� +PVSOBM PG UIF *OUFSOBUJPOBM 1IPOFUJD "TTPDJBUJPO ��� ��o���
(PFEFNBOT 3PC � &MMFO WBO ;BOUFO� ����� 4USFTT BOE BDDFOU JO *OEPOFTJBO� -05 0DDBTJPOBM TFSJFT �� ��o���
(PO[BMF[ "OESFX� ����� "DPVTUJD DPSSFMBUFT PG BDDFOU SIZUIN BOE JOUPOBUJPO JO 5BHBMPH� 1IPOFUJDB ��� ��o���
(PSEPO .BUUIFX� ����� "DPVTUJD QSPQFSUJFT PG QSJNBSZ BOE TFDPOEBSZ XPSE�MFWFM TUSFTT JO &TUPOJBO� 1PTUFS QSFTFOUFE BU UIF ���UI NFFUJOH PG UIF

"DPVTUJDBM 4PDJFUZ PG "NFSJDB� 4U� -PVJT�
(PSEPO .BUUIFX� ����� " QIPOFUJD BOE QIPOPMPHJDBM TUVEZ PG XPSE�MFWFM TUSFTT JO $IJDLBTBX� *OUFSOBUJPOBM +PVSOBM PG "NFSJDBO -JOHVJTUJDT ���

�o���
(PSEPO .BUUIFX� ����� 1SPNJOFODF BOE HFNJOBUJPO JO *OHSJBO� -JOHVJTUJDB 6SBMJDB ��� ��o����
(PSEPO .BUUIFX � "ZMB "QQMFCBVN� ����� "DPVTUJD DPSSFMBUFT PG TUSFTT JO 5VSLJTI ,BCBSEJBO� +PVSOBM PG UIF *OUFSOBUJPOBM 1IPOFUJD "TTPDJBUJPO

��� ��o���
(PSEPO .BUUIFX � 1FUFS -BEFGPHFE� ����� 1IPOBUJPO UZQFT� " DSPTT�MJOHVJTUJD PWFSWJFX� +PVSOBM PG 1IPOFUJDT ��� ���o����
(PSEPO .BUUIFX � -BUJGB /Bl� ����� 5IF BDPVTUJD DPSSFMBUFT PG TUSFTT BOE QJUDI BDDFOU JO 5BTIMIJZU #FSCFS� +PVSOBM PG 1IPOFUJDT ��� ���o����
(PSEPO .BUUIFX � 'SBOĽPJTF 3PTF� �����HNŊSJMMPO TUSFTT� " QIPOFUJD BOE QIPOPMPHJDBM TUVEZ� "OUISPQPMPHJDBM -JOHVJTUJDT ��� ���o����
(VJPO 4VTBO +POBUIBO %� "NJUI $ISJTUPQIFS 4� %PUZ � *SJOB "� 4IQPSU� ����� 8PSE�MFWFM QSPTPEZ JO #BMTBT /BIVBUM� 5IF PSJHJO EFWFMPQ�

NFOU BOE BDPVTUJD DPSSFMBUFT PG UPOF JO B TUSFTT BDDFOU MBOHVBHF� +PVSOBM PG 1IPOFUJDT ��� ���o����
)BSHVT 4IBSPO� ����� 1SPTPEZ JO UXP "UIBCBTLBO MBOHVBHFT PG /PSUIFSO #SJUJTI $PMVNCJB� *O 4IBSPO )BSHVT � ,FSFO 3JDF 	FET�


"UIBCBTLBO 1SPTPEZ ���o���� "NTUFSEBN� +PIO #FOKBNJOT 1VCMJTIJOH $PNQBOZ�
)BSHVT 4IBSPO � 7JSHJOJB #FBWFSU� ����� " OPUF PO UIF QIPOFUJD DPSSFMBUFT PG TUSFTT JO :BLJNB 4BIBQUJO� 6OJWFSTJUZ PG 8BTIJOHUPO 8PSLJOH

1BQFST JO -JOHVJTUJDT ��� ��o���
)BSOVE )VIB� ����� 4USFTT PO .POHPMJBO EJTZMMBCJD XPSET� 1SPDFFEJOHT PG UIF 97UI *OUFSOBUJPOBM $POHSFTT PG 1IPOFUJD 4DJFODFT ����o�����

#BSDFMPOB 4QBJO�
)BZFT #SVDF� ����� .FUSJDBM TUSFTT UIFPSZ� 1SJODJQMFT BOE DBTF TUVEJFT� $IJDBHP� 6OJWFSTJUZ PG $IJDBHP 1SFTT�
)JOU[ %JBOF� ����� 4USFTT JO 4PVUI $PODIVDPT 2VFDIVB� " QIPOFUJD BOE QIPOPMPHJDBM TUVEZ� *OUFSOBUJPOBM +PVSOBM PG "NFSJDBO -JOHVJTUJDT ���

���o����
)VBMEF +PTŊ *HOBDJP 0JIBOB -VKBOCJP � 'SBODJTDP 5PSSFJSB� ����� -FYJDBM UPOF BOE TUSFTT JO (PJ[VFUB #BTRVF� +PVSOBM PG UIF *OUFSOBUJPOBM 1IP�

OFUJD "TTPDJBUJPO ��� �o���
)VTT 7PMLFS� ����� &OHMJTI XPSE TUSFTT JO UIF QPTU�OVDMFBS QPTJUJPO� 1IPOFUJDB ��� ��o����
)VTTBJO 4BSNBE� ����� 1IPOFUJD DPSSFMBUFT PG MFYJDBM TUSFTT JO 6SEV� /PSUIXFTUFSO 6OJWFSTJUZ� 1I% %JTTFSUBUJPO�
)ZNBO -BSSZ� ����� 8PSE�QSPTPEJD UZQPMPHZ� 1IPOPMPHZ ��� ���o����
)ZNBO -BSSZ� ����� %P BMM MBOHVBHFT IBWF XPSE BDDFOU� *O )BSSZ WBO EFS )VMTU 	FE�
 8PSE TUSFTT� 5IFPSFUJDBM BOE UZQPMPHJDBM JTTVFT ��o��� /FX

:PSL� $BNCSJEHF 6OJWFSTJUZ 1SFTT�
+VO 4VO�"I� ����� 5IF QIPOFUJDT BOE QIPOPMPHZ PG ,PSFBO QSPTPEZ� 5IF 0IJP 4UBUF 6OJWFSTJUZ� 1I% %JTTFSUBUJPO�
+VO 4VO�"I � $ŊDJMF 'PVHFSPO� ����� 5IF BDDFOUVBM QISBTF BOE UIF QSPTPEJD TUSVDUVSF PG 'SFODI� 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM $POHSFTT PG

1IPOFUJD 4DJFODFT 4UPDLIPMN ���o����
,FBOF &MJOPS� ����� 1SPNJOFODF JO 5BNJM� +PVSOBM PG UIF *OUFSOBUJPOBM 1IPOFUJD "TTPDJBUJPO ��� �o���
,MFCFS 'FMJDJUBT � /BEJOF ,MJQQIBIO� ����� "O BDPVTUJD JOWFTUJHBUJPO PG TFDPOEBSZ TUSFTT JO (FSNBO� "SCFJUTCFSJDIUF EFT *OTUJUVUT GǢS 1IPOFUJL

VOE EJHJUBMF 4QSBDIWFSBSCFJUVOH EFS 6OJWFSTJUģU ,JFM ��� �o���
-BEE %� 3PCFSU� ����� *OUPOBUJPOBM QIPOPMPHZ� /FX :PSL� $BNCSJEHF 6OJWFSTJUZ 1SFTT�
-FIJTUF *MTF� ����� $POTPOBOU RVBOUJUZ BOE QIPOPMPHJDBM VOJUT JO &TUPOJBO� #MPPNJOHUPO� *OEJBOB 6OJWFSTJUZ 1SFTT�
-FIJTUF *MTF /JJOB "BTNģF &JOBS .FJTUFS ,BSM 1BKVTBMV 1JSF 5FSBT � 5JJU�3FJO 7JJUTP� ����� &S[ZB 1SPTPEZ� 	.ŊNPJSFT EF MB 4PDJŊUŊ 'JOOP�

0VHSJFOOF ���
 )FMTJOLJ� 4VPNBMBJT�6HSJMBJOFO 4FVSB�
-FIJTUF *MTF 1JSF 5FSBT 7BMUT &SOǊUSFJUT 1ģSUFM -JQQVT ,BSM 1BKVTBMV 5VVMJ 5VJTL � 5JJU�3FJO 7JJUTP� ����� -JWPOJBO 1SPTPEZ� 	.ŊNPJSFT EF MB 4P�

DJŊUŊ 'JOOP�0VHSJFOOF ���
 )FMTJOLJ� 4VPNBMBJT�6HSJMBJOFO 4FVSB�
-FIJTUF *MTF 1JSF 5FSBT 5PPNBT )FMQ 1ģSUFM -JQQVT &JOBS .FJTUFS ,BSM 1BKVTBMV � 5JJU�3FJO 7JUUTP� ����� .FBEPX .BSJ 1SPTPEZ� 	-JOHVJTUJDB

6SBMJD 4VQQMFNFOUBSZ 4FSJFT �
� 5BMMJOO� 5FBEVTUF "LBEFFNJB ,JSKBTUVT�
-FTIP .BSJWJD� ����� 5IF TPDJPQIPOFUJDT BOE QIPOPMPHZ PG UIF $BWJUF $IBCBDBOP WPXFM TZTUFN� 5IF 0IJP 4UBUF 6OJWFSTJUZ� 1I% EJTTFSUBUJPO�
-FWJ 4VTBOOBI 7� ����� "DPVTUJD DPSSFMBUFT PG MFYJDBM BDDFOU JO 5VSLJTI� +PVSOBM PG UIF *OUFSOBUJPOBM 1IPOFUJD "TTPDJBUJPO ��� ��o���
-FXJT .� 1BVM (BSZ '� 4JNPOT � $IBSMFT %� 'FOOJH 	FET�
� ����� &UIOPMPHVF� -BOHVBHFT PG UIF XPSME ��UI FEO� %BMMBT 59� 4*- *OUFSOBUJPOBM�
-JFCFSNBO 1IJMJQ� ����� 4PNF BDPVTUJD DPSSFMBUFT PG XPSE TUSFTT JO "NFSJDBO &OHMJTI� +PVSOBM PG UIF "DPVTUJDBM 4PDJFUZ PG "NFSJDB ��� ���o����
-JJW (� ����� "LVTUJDIFTLJF LPSSFMJBUZ FTUPOTLPHP TMPWFTOPHP VEBSFOJJ W TPPUOPTIFOJJ T EJǯGFSFOUTJBM�OPJ EPMHPUPJ� 4PWFTUTLPF 'JOOP�6HSPWFEFOJF

��	�
� �o���
-JOECMPN #KƫSO� ����� 4QFDUSPHSBQIJD TUVEZ PG WPXFM SFEVDUJPO� +PVSOBM PG UIF "DPVTUJDBM 4PDJFUZ PG "NFSJDB ��� ����o�����
-JOETUSƫN &WB � #FSU 3FNJKTFO� ����� "TQFDUT PG QSPTPEZ PG ,VPU B MBOHVBHF XIFSF JOUPOBUJPO JHOPSFT TUSFTT� -JOHVJTUJDT ��� ���o����
-JQQVT 1ģSUFM ,BSM 1BKVTBMV � 1JSF 5FSBT� ����� 5IF UFNQPSBM TUSVDUVSF PG QFOUB� BOE IFYBTZMMBCJD XPSET JO &TUPOJBO� 1SPDFFEJOHT PG �SE *OUFS�

OBUJPOBM $POGFSFODF PO 4QFFDI 1SPTPEZ %SFTEFO (FSNBOZ�
.D%POOFMM #SBE� ����� "DPVTUJD DPSSFMBUFT PG QSPNJOFODF JO #FTFNBI 	.BMBZJD *OEPOFTJB
� 1PTUFS QSFTFOUFE BU UIF �UI +PJOU .FFUJOH PG UIF

"DPVTUJDBM 4PDJFUZ PG "NFSJDBO BOE UIF "DPVTUJDBM 4PDJFUZ PG +BQBO� )POPMVMV )BXBJ�J�
.PPSF #SJBO $� +� ����� "O JOUSPEVDUJPO UP UIF QTZDIPMPHZ PG IFBSJOH� #PTUPO ."� #SJMM�
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.PSP[ (FPSHF� ����� -JOHUZQPMPHZ� MJOHVJTUJD UZQPMPHZ BOE NBQQJOH� IUUQ���$3"/�3�QSPKFDU�PSH�QBDLBHF�MJOHUZQPMPHZ�
/FXMJO��VLPXJD[ -VJ[B� ����� 1PMJTI TUSFTT� -PPLJOH GPS QIPOFUJD FWJEFODF PG B CJEJSFDUJPOBM TZTUFN� 1IPOPMPHZ ��	��
� ���o����
0CFSMZ 4UBDFZ� ����� " QIPOFUJD BOBMZTJT PG 4PVUIFSO 6UF XJUI B EJTDVTTJPO PG 4PVUIFSO 6UF MBOHVBHF QPMJDJFT BOE SFWJUBMJ[BUJPO� 6OJWFSTJUZ PG "SJ[POB�

1I% EJTTFSUBUJPO�
0SUFHB�-MFCBSJB .BSUB� ����� 1IPOFUJD DVFT UP TUSFTT BOE BDDFOU JO 4QBOJTI� 4FMFDUFE 1SPDFFEJOHT PG UIF �OE $POGFSFODF PO -BCPSBUPSZ "QQSPBDIFT

UP 4QBOJTI 1IPOFUJDT BOE 1IPOPMPHZ ���o����
0SUFHB�-MFCBSJB .BSUB � 1JMBS 1SJFUP� ����� "DPVTUJD DPSSFMBUFT PG TUSFTT JO $FOUSBM $BUBMBO BOE $BTUJMJBO 4QBOJTI� -BOHVBHF BOE 4QFFDI ���

��o���
1BEHFUU +BZF � .BSJKB 5BCBJO� ����� "EBQUJWF EJTQFSTJPO UIFPSZ BOE QIPOPMPHJDBM WPXFM SFEVDUJPO JO 3VTTJBO� 1IPOFUJDB ��� ��o���
1MBH *OHP (FSP ,VOUFS � .BSFJMF 4DISBNN� ����� "DPVTUJD DPSSFMBUFT PG QSJNBSZ BOE TFDPOEBSZ TUSFTT JO /PSUI "NFSJDBO &OHMJTI� +PVSOBM PG

1IPOFUJDT ��� ���o����
1PUJTVL 4JSJQPOH +BDLTPO (BOEPVS � .BSZ 1� )BSQFS� ����� "DPVTUJD DPSSFMBUFT PG TUSFTT JO 5IBJ� 1IPOFUJDB ��� ���o����
1ZDIB "OOF� ����� " EVSBUJPO�CBTFE TPMVUJPO UP UIF QSPCMFN PG TUSFTT SFBMJ[BUJPO JO 5VSLJTI� 6$ #FSLFMFZ 1IPOPMPHZ -BC "OOVBM 3FQPSUT�
3 $PSF 5FBN� ����� 3� " MBOHVBHF BOE FOWJSPONFOU GPS TUBUJTUJDBM DPNQVUJOH� 3 'PVOEBUJPO GPS 4UBUJTUJDBM $PNQVUJOH 7JFOOB "VTUSJB�
3FNJKTFO #FSU� ����� -FYJDBMMZ DPOUSBTUJWF TUSFTT BDDFOU BOE MFYJDBM UPOF JO .BzZB� *O $BSMPT (VTTFOIPWFO � /BUBTIB 8BSOFS 	FET�
 -BCPSB�

UPSZ QIPOPMPHZ 7** ���o���� #FSMJO� .PVUPO EF (SVZUFS�
3FNJKTFO #FSU � 7JODFOU 7BO )FVWFO� ����� 4USFTT UPOF BOE EJTDPVSTF QSPNJOFODF JO UIF $VSBDBP EJBMFDU PG 1BQJBNFOUV� 1IPOPMPHZ ���

���o����
3JFUWBME 5POJ +PPQ ,FSLIPG � $BSMPT (VTTFOIPWFO� ����� 8PSE QSPTPEJD TUSVDUVSF BOE WPXFM EVSBUJPO JO %VUDI� +PVSOBM PG 1IPOFUJDT ���

���o����
3JWJFSB�$BTUJMMP :PMBOEB � -VDZ 1JDLFSJOH� ����� 1IPOFUJD DPSSFMBUFT PG TUSFTT BOE UPOF JO B NJYFE TZTUFN� +PVSOBM PG 1JEHJO BOE $SFPMF -BO�

HVBHFT ��	�
� ���o����
3PFUUHFS 5JNP #� BDDFQUFE� 5POBM QMBDFNFOU JO 5BTIMIJZU #FSCFS o )PX BO JOUPOBUJPO TZTUFN BDDPNNPEBUFT UP BEWFSTF QIPOPMPHJDBM FOWJ�

SPONFOUT� 4UVEJFT JO -BCPSBUPSZ 1IPOPMPHZ� #FSMJO� -BOHVBHF 4DJFODF 1SFTT�
3PFUUHFS 5JNP #� "OOB #SVHHFNBO � (SJDF .BSUJOF� ����� 8PSE TUSFTT JO 5BTIMIJZU o 1PTUMFYJDBM QSPNJOFODF JO EJTHVJTF� 1SPDFFEJOHT PG UIF

��UI *OUFSOBUJPOBM $POHSFTT PG 1IPOFUJD 4DJFODFT� )POH ,POH�
3PFUUHFS 5JNP #� � .BUUIFX ,� (PSEPO� 5IJT JTTVF� .FUIPEPMPHJDBM JTTVFT JO UIF TUVEZ PG XPSE TUSFTT DPSSFMBUFT�
3P[FMMF -PSOB� ����� 5IF FǯGFDU PG TUSFTT PO WPXFM MFOHUI JO "MFVU� 6$-" 8PSLJOH 1BQFST JO 1IPOFUJDT ��� ��o����
4BEFHIJ 7BIJE� ����� "DPVTUJD DPSSFMBUFT PG MFYJDBM TUSFTT JO 1FSTJBO� 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM $POHSFTT PG 1IPOFUJD 4DJFODFT )POH ,POH

����o�����
4JMCFS�7BSPE 7FSFE )BHJU 4BHJ � /PBN "NJS� ����� 5IF BDPVTUJD DPSSFMBUFT PG MFYJDBM TUSFTT JO *TSBFMJ )FCSFX� +PVSOBM PG 1IPOFUJDT ��� �o���
4JNBSE $BOEJEF $MBVEJB 8FHFOFS "MCFSU -FF � $POOPS :PVOHCFSH� ����� 4BWPTBWP XPSE TUSFTT� " RVBOUJUBUJWF BOBMZTJT� 1SPDFFEJOHT PG �UI

*OUFSOBUJPOBM $POGFSFODF PO 4QFFDI 1SPTPEZ %VCMJO *SFMBOE�
4MVJKUFS "HBBUI .� $� � 7JODFOU +� WBO )FVWFO� ����� 4QFDUSBM CBMBODF BT BO BDPVTUJD DPSSFMBUF PG MJOHVJTUJD TUSFTT� +PVSOBM PG UIF "DPVTUJDBM 4PDJ�

FUZ PG "NFSJDB ���� ����o�����
4VPNJ ,BSJ +VIBOJ 5PJWBOFO � 3JJLLB :MJUBMP� ����� 0O EJTUJOHVJTIJOH TUSFTT BOE BDDFOU JO 'JOOJTI� -VOE 6OJWFSTJUZ %FQBSUNFOU PG -JOHVJTUJDT�

8PSLJOH 1BQFST ��� ���o����
5BCBJO .BSJKB +BOFU 'MFUDIFS � "OESFX #VUDIFS� ����� -FYJDBM TUSFTT JO 1JUKBOUKBUKBSB� +PVSOBM PG 1IPOFUJDT ��� ��o���
5BNCVSSJ�8BUU -JOEB .JDIBFM "MGPSE +FO $BNFSPO�5VSMFZ � $BSSJF (JMMPO� ����� 4LXYXǞ�NFTI 	4RVBNJTI 4BMJTI
 TUSFTT� " MPPL BU UIF

BDPVTUJDT PG �B�BOE �V�� *OUFSOBUJPOBM $POGFSFODF PO 4BMJTI 	BOE /FJHICP	V
SJOH
 -BOHVBHFT �� 	6#$ 8PSLJOH 1BQFST JO -JOHVJTUJDT �
� ���o����
5VPNBJOFO +ZSLJ 4UFGBO 8FSOFS +FBO 7SPPNFO � #FBUSJDF %F (FMEFS� ����� 'VOEBNFOUBM GSFRVFODZ JT BO JNQPSUBOU BDPVTUJD DVF UP XPSE

CPVOEBSJFT JO TQPLFO 'JOOJTI� 1SPDFFEJOHT PG UIF ��UI *OUFSOBUJPOBM $POHSFTT PG 1IPOFUJD 4DJFODFT 4BO 'SBODJTDP ���o����
5VUUMF 4JSJ� ����� .FUSJDBM BOE UPOBM TUSVDUVSFT JO 5BOBOB "UIBCBTLBO� 6OJWFSTJUZ PG 8BTIJOHUPO� 1I% EJTTFSUBUJPO�
5VUUMF 4JSJ� ����� %VSBUJPO JOUPOBUJPO BOE QSPNJOFODF JO "QBDIF� *O 4IBSPO )BSHVT � ,FSFO 3JDF 	FET�
 "UIBCBTLBO 1SPTPEZ ���o���� "NT�

UFSEBN� +PIO #FOKBNJOT 1VCMJTIJOH $PNQBOZ�
7PHFM *SFOF "OHFMJLJ "UIBOBTPQPVMPV � /BEJB 1JOLVT� ����� 1SPNJOFODF DPOUSBTU BOE UIF GVODUJPOBM MPBE IZQPUIFTJT� "O BDPVTUJD JOWFTUJ�

HBUJPO� *O +FǯGSFZ )FJO[ 3PC (PFEFNBOT � )BSSZ WBO EFS )VMTU 	FET�
 %JNFOTJPOT PG 1IPOPMPHJDBM 4USFTT ���o���� $BNCSJEHF� $BNCSJEHF
6OJWFSTJUZ 1SFTT�

8JJL ,BMFWJ� ����� 'JOOJTI BOE &OHMJTI WPXFMT� " DPNQBSJTPO XJUI TQFDJBM SFGFSFODF UP UIF MFBSOJOH QSPCMFNT NFU CZ OBUJWF TQFBLFST PG lOOJTI MFBSOJOH
&OHMJTI� 5VSLV 'JOMBOE� 5VSVO ZMJPQJTUP�

8JMMJBNT #SJPOZ +� ����� 4USFTT JO NPEFSO 8FMTI� 6OJWFSTJUZ PG $BNCSJEHF� 1I% EJTTFSUBUJPO�
8JMMJBNT #SJPOZ +� ����� 5IF QIPOFUJD NBOJGFTUBUJPO PG TUSFTT JO 8FMTI� *O )BSSZ WBO EFS )VMTU 	FE�
 8PSE QSPTPEJD TZTUFNT JO UIF MBOHVBHFT PG

&VSPQF ���o���� /FX :PSL� .PVUPO EF (SVZUFS�
:BLVQ .BIJSF � +PBO 4FSFOP� ����� "DPVTUJD DPSSFMBUFT PG MFYJDBM TUSFTT JO 6ZHIVS� +PVSOBM PG UIF *OUFSOBUJPOBM 1IPOFUJD "TTPDJBUJPO ��� ��o���

--
Brought to you by | Universitäts- und Stadtbibliothek Köln

Authenticated
Download Date | 8/28/17 10:23 AM

http://rivervalleytechnologies.com/products/


Special Issue: Emerging Data Analysis in Phonetic Sciences, eds. Roettger, Winter & Baayen

Emergent data analysis in phonetic sciences: Towards pluralism
and reproducibility

Timo B. Roettger a,*, Bodo Winter b, Harald Baayen c

aNorthwestern University, Department of Linguistics, United States
bUniversity of Birmingham, Department of English Language and Applied Linguistics, United Kingdom
cUniversity of Tübingen, Department of Linguistics, Germany

a r t i c l e i n f o

Article history:
Received 6 April 2018
Received in revised form 10 December 2018
Accepted 11 December 2018

Keywords:
Data analysis
Statistics
Reproducibility
Open science
Null hypothesis significance testing
Bayesian modeling

a b s t r a c t

This special issue introduces a series of papers that make available new methods to the phonetic and linguistic
community and reflect upon existing data analysis practices. In our introduction, we highlight three themes that
we consider pressing issues in data analysis and that run across the contributions to this special issue: the differ-
ence between exploratory and confirmatory analyses, different approaches to statistical inference, and the anal-
ysis of multidimensional multivariate speech data. Moreover, we provide a call for considering the importance of
open and reproducible research practices, such as publishing one’s data and analysis code. Rather than being
dogmatic about particular statistical methods, the pluralism of analysis approaches in linguistics should excite
debate and discussion, to which this special issue is an invitation. In addition, the co-existence of multiple ways
of analyzing the same data (each with its own advantages and disadvantages and different analysis goals) makes
it all the more important for researchers to make their research process open and accessible to other researchers.

Published by Elsevier Ltd.

1. Introduction

The landscape of data analysis in linguistics and other fields
is constantly changing. Advances in computational power have
made new analytical approaches possible, and the use of open
access software such as R (R Core Team, 2013) increases the
speed with which new statistical methods are shared both
within our field and across disciplines. As accessibility to these
methods increases, more and more people within linguistics
employ increasingly complex analytical techniques. Parallel
to the ever-growing toolkit of statistical methods, there are
shifts in methodological traditions and statistical philosophies,
with an array of differing views about how data should be ana-
lyzed, how it should be reported, and how it should be shared.
In sum, the field of data analysis is in flux. Amidst the backdrop
of changing practices, it is important to critically assess past
practices, to reflect upon present practices, and to look out
for what new developments will affect our future practices.

We approach data analysis with George Box’s famous
quote in mind, “all models are wrong, but some are useful”

(Box, 1979, p. 2). This often-repeated quote embodies a funda-
mental truth about data analysis: We perform analyses to gain
a better understanding of our world and the phenomena we
investigate. Statistical models are thus supposed to be
“useful”. However, all models are also necessarily “wrong” to
some extent, with each model providing only a snapshot of
the underlying complexity of the phenomena to be modeled.
Models can be “useful” in different ways and to differing
degrees, andmodels can bemore or less “wrong” aswell. There
is no single model that is the best model and that is equally use-
ful across theories and phenomena. This very fact necessarily
creates a plurality of analytical approaches, within and across
disciplines. Even expert statisticians reach different conclu-
sions when given the same dataset (Silberzahn et al., 2018).
Rather than trying to provide gold standards and recipes, we
endorse the plurality of approaches and highlight that pluralism
calls for comparison, reflection, and a critical discourse about
methods. We should not try to elevate any one method to the
status of a “best”method or a canonical way of analyzing partic-
ular datasets; instead we should discuss the advantages and
disadvantages of particular approaches openly.

In line with the idea of plurality, data analysis varies along
important dimensions. We would like to highlight a few of these
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dimensions to not only introduce the contributions to our spe-
cial issue, but also to review what we conceive as important
topics for data analysis in quantitative fields such as phonetics.
In the following, we will discuss the distinction between
exploratory and confirmatory analysis (Section 2); the differ-
ences between null hypothesis significance testing and Baye-
sian inference (Section 3); and analytical choices surrounding
the multidimensionality of phonetic data (Section 4). Beyond
reflecting on past and future methods it is also important to
think about how data analyses are communicated and shared
with the community. To this end, we will discuss the relevance
of reproducibility and the benefits of an open and transparent
phonetic community (Section 5), exemplified by the contribu-
tions in this special issue.

2. Exploratory vs. confirmatory data analysis

It is important to recognize that data analysis includes two
stages which are more or less conceptually distinct, although
they may overlap to considerable degrees in practice. In an
exploratory stage, a researcher observes patterns and rela-
tionships leading to the generation of new hypotheses as to
how these observations can be explained. This stage is a
hypothesis-generating process. Many breakthroughs in
science originate from the serendipity of researchers observing
an unexpected pattern while exploring their data. In a confirma-
tory stage, novel hypotheses as well as hypotheses extending
or challenging established theories are then pitted against new
data, obtained in, for example, controlled experimental studies.
This stage is a hypothesis-testing process. Putting our
hypotheses under targeted scrutiny via confirmatory tests
helps us to accumulate evidence in order to challenge, sub-
stantiate or revise established theories. The revised theories
can then be further informed by additional exploration of the
available data, leading to an iterative process that alternates
between exploration and confirmation. Exploratory and confir-
matory research should be considered complementary; both
are necessary components of scientific progress. Moreover,
both exploratory and confirmatory research should be guided
by theory. An exploratory analysis does not have to be exclu-
sively descriptive, but can, and often should be, tied in with
specific linguistic theories.

The distinction between confirmation and exploration has
large-scale consequences for research in the language
sciences. It is important to realize that in an exclusively confir-
matory setting, researchers have only one shot (Harrell, 2014),
allowing for only a single theoretically motivated model to be
fitted to the data. Subsequently, model criticism is carried out
to clarify whether the resulting model is actually appropriate
for the data. In a genuinely confirmatory analysis, there is no
place for repeated modeling during data collection, no place
for adding or removing interactions, and no place for including
or removing control variables. As soon as a second model is
fitted to a given dataset, the analysis is no longer confirmatory,
but exploratory (see Baayen, Vasishth, Kliegl, & Bates, 2017,
for further discussion).

Unfortunately, when it comes to publishing work, exploration
and confirmation are not weighted equally. Confirmatory
analyses have a superior status within the academic incentive

system, determining the way funding agencies demand what
proposals should look like, and shaping how we frame our
papers. The prestige of confirmatory statistics is so high that
occasionally the review process can force authors to recast
the reporting of exploratory analyses in the format of the report-
ing of confirmatory analyses (see, e.g., Pham & Baayen, 2015,
footnote 1). Whether due to publication pressure or not, the
results of what has actually been an exploratory analysis are
often presented as if they were the results of a confirmatory
analysis. The prevalent expectation that the main results of a
study should be predicted based on a priori grounds has led
to harmful practices for scientific progress (John,
Loewenstein, & Prelec, 2012).

Moreover, each analysis is characterized by a “garden of
forking paths” (Gelman & Loken, 2013) or what Simmons,
Nelson, and Simonsohn (2011) call “researcher degrees of
freedom”. Some relevant researcher degrees of freedom for
phonetic studies include what phonetic parameters are mea-
sured, how they are operationalized, what data is kept and
what data is discarded and what additional independent vari-
ables are measured (for a discussion of researcher degrees
of freedom in phonetics, see Roettger, 2019). This flexibility
in conducting studies and analyzing data can, intentionally or
unintentionally, lead to harmful practices such hunting for sig-
nificant p-values, also known as p-hacking (see also
Simmons et al., 2011) or HARKing “Hypothesizing After
Results are Known” (e.g., Kerr, 1998).

Rather than discouraging exploratory analyses, they should
be encouraged. The complexity of speech naturally means that
we do not always have specific directed hypotheses for all
aspects of the data. There are many interesting patterns to be
discovered, and later confirmed on separate datasets. It is often
the exploratory part of the analysis that we can learn the most
from, especially with highly multidimensional data (see Sec-
tion 4). However, while exploration is necessary, it has to be
separated from confirmation. Each analysis needs to be clear
about where it stands, i.e., the degree to which an analysis is
confirmatory or exploratory needs to be explicitly stated. In par-
ticular, exploratory studies should be treated as such, rather
than being re-framed as the results of a confirmatory analysis.
More and more papers in our field acknowledge this important
distinction and discuss confirmatory and exploratory analyses
in different sections of their manuscripts, with the latter stress-
ing the caveat that any generated hypotheses are waiting to
be confirmed on new data (e.g., Baumann & Winter, 2018;
Grice, Savino, & Roettger, 2018 for recent examples)

Researchers carrying out exploratory data analysis can to
some extent protect themselves and their colleagues against
spurious results by setting much more stringent alpha-levels
when evaluating whether there are signals in the noise. In
exploratory analysis, it is the researcher’s duty to launch
adversarial attacks on potential effects, and to then only report
those effects which survived such attacks consistently. If a
strict null hypothesis significance testing approach is followed,
confirmation cannot happen on the same dataset that was pre-
viously used as the basis for exploration. To the extent that
confirmatory and exploratory analyses may blend into each
other in actual practice, the researcher needs to be aware of
this and report results accordingly.
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3. Inferential frameworks: Frequentist and Bayesian inference

An important aspect of data analysis is making generaliz-
able statements about observations. Inferential statistics is
the process of using samples to make “inferences” for param-
eters of a population of interest. For example, a study may con-
tain a subset of speakers from a linguistic community, and the
sample is used to make inferences about all speakers of the
language. Or a study may contain a subset of words from
the language, and the sample is used to make inferences
about all words of the language (see Clark, 1973). In statistics,
there are various different approaches to making this infer-
ence, including frequentist and Bayesian statistics (e.g.
Fisher, 1955; Gigerenzer, Krauss, & Vitouch, 2004; Dienes,
2008; Wagenmakers, Lee, Lodewyckx, & Iverson, 2008;
McElreath, 2016). Each approach has different analysis goals
and makes different assumptions. Our special issue includes
several papers that discuss aspects of different inferential
frameworks as well as papers that make use of techniques
and methods developed within each of these frameworks.

Classical methods for statistical inference (analysis of vari-
ance, discriminant analysis) are grounded in the work of Sir
Ronald Fisher (1925). These methods, which are widely used
in phonetics and many other fields of inquiry, are known as fre-
quentist, as they are grounded in a particular understanding of
the concept of probability, namely, the idea that the probability
of an event is given by the limit of its relative frequency across
a large number of trials. Fisher’s method was later combined
with Neyman and Pearson’s approach to hypothesis testing
(1928) to create what is now known as null hypothesis signifi-
cance testing (NHST) (Gigerenzer et al., 2004; Lindquist,
1940). This framework became an extremely useful tool at a
time in which computers did not exist, and has been used ever
since across scientific disciplines. In traditional NHST, a
researcher starts by assuming a null hypothesis (such as the
absence of an effect) and gathers evidence against that initial
assumption. The p-value measures the incompatibility of the
data with the null hypothesis. It is often used as a hard cut-
off, where an effect is accepted as “significant” if its associated
p-value falls below a preset threshold probability. NHST pro-
vides a simple and specific decision procedure (using a partic-
ular threshold, such as p < 0.05) which will assure low error
rates in the long run, across a series of repeated experiments.

The practice of NHST has been much criticized by research-
ers in many different disciplines (Gigerenzer, 2004; Goodman,
1999; Hubbard & Lindsay, 2008; Kline, 2004; Krantz, 1999;
Morey, Hoekstra, Rouder, Lee, & Wagenmakers, 2016;
Nickerson, 2000; Sterne & Smith, 2001; and many others).
These criticisms surround, among other things, the practice of
relying on an arbitrarily defined hard-cut threshold for “signifi-
cance” (rather than taking the continuous strength of evidence
into account), the practice of overly emphasizing point esti-
mates (such as means) over interval estimates (such as confi-
dence intervals or credible intervals) (e.g., Cumming, 2012,
2014), and the practice of not incorporating any prior knowledge
into one’s models and inferences.1

Frequentist inference, as introduced by Fisher, differs in
many ways from what is now known as Bayesian inference.
The field of statistics has a long history of a deep divide
between classical frequentist statistics and Bayesian statistics,
each camp having its own philosophical foundations and
methodological goals (e.g., Fisher, 1955; Gigerenzer et al.,
2004; Dienes, 2008; Wagenmakers et al., 2008).

There are different classes of Bayesian models, but one
defining feature is that they quantify the degree to which a
researcher needs to adjust their beliefs as a function of the
researcher’s prior beliefs and the data and model at hand. That
is, Bayesian inference critically differs from other inferential
approaches by incorporating so-called “priors”, which are
either defined by a priori assumptions about the measurement
system, or estimated from previous research. For example,
when estimating the difference in duration between two vowel
categories, the researcher can incorporate priors which rea-
sonably rule out durational values below zero and above one
hour. As opposed to that, in standard frequentist inference,
all parameter values are assumed to be equally likely. Baye-
sian inference makes it also possible for the analyst to include
knowledge outside of the present data when modeling new
data, e.g. estimated from previous research. The Bayesian
paradigm has, intrinsically, a much more cumulative perspec-
tive on the gathering of scientific evidence and offers much
more sophisticated tools for integrating knowledge across mul-
tiple studies.

That the need for clear ‘gold standards’ is still felt today is
exemplified by the paper by Barr, Levy, Scheepers, and Tily
(2013) on how to fit mixed models. With the wide spectrum
of analytical techniques currently available, which will also
increasingly include methods from machine learning, it is not
possible nor desirable to enforce rules by means of which sig-
nificance can be assessed mechanically. A spirit of plurality is
needed that creates space for realizing that there are problems
and applications that might be handled more easily by either
Bayesian or frequentist approaches, and that the analyst is
far better off having both tools in their toolbox. In particular,
researchers need to be familiar with both approaches, since
there is an increasing number of papers in quantitative linguis-
tics that uses Bayesian approaches.

There are three papers in our special issue that focus on the
merits and pitfalls of different statistical philosophies (such as
NHST versus Bayesian inference). Vasishth et al. (2018, this
collection) give an extended overview of the logic and benefits
of standard Bayesian analyses and walk the reader through a
concrete standard Bayesian analysis of an acoustic study,
investigating whether and how voice onset time measure-
ments discriminate different stop series across three different
languages. Their paper provides a useful introduction to Baye-
sian data analysis in linguistics and offers annotated code to
facilitate the implementation of Bayesian modeling.

In a second paper, Nicenboim, Roettger, and Vasishth
(2018, this collection) investigate the phenomenon of incom-
plete neutralization of German final devoicing using Bayesian
meta-analysis. Incomplete neutralization is a particularly valu-
able phenomenon to discuss methodologically, because the
available evidence has been the subject of heated method-
ological debates (Fourakis & Iverson, 1984; Port & O'Dell,
1985; Roettger, Winter, Grawunder, Kirby, & Grice, 2014;

1 We note here that classical ‘frequentist’ inference is not necessarily or intrinsically
focused on hard cut-offs, which is only a particular interpretation of this framework (see
Perezgonzalez, 2015).
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Winter & Roettger, 2011). According to some researchers, the
German voicing contrast is completely devoiced in final posi-
tion; according to others, the devoicing is phonetically “incom-
plete”. A number of studies in this literature do not allow
adequate statistical inferences because the sample sizes are
too small, and hence accumulating the evidence across stud-
ies in a meta-analysis becomes crucial to establish whether
incomplete neutralization effects are robust.

The controversial topic of incomplete neutralization is also
explored in another paper that addresses issues in statistical
inference. Kirby and Sonderegger (2018, this collection) look
at the role of sample size in being able to estimate the incom-
plete neutralization effect accurately. Their numerical simula-
tions suggest that linguists need to pay more attention to
statistical power (the probability that a significance test will cor-
rectly reject a false null hypothesis) in designing experiments.
Small sample sizes come with unrealistic expectations of repli-
cability of the effect direction and magnitude (e.g. Vasishth,
Mertzen, Jäger, & Gelman, 2018, for a recent discussion).
Besides making important points about experimental design
in phonetics, Kirby and Sonderegger (2018, this collection)
demonstrate the utility of performing power simulations.

We want to stress here that including papers on either
NHST or Bayesian inference is not intended to suggest that
analyzing data within either of these frameworks is right or
wrong. Given the prevalence of the decision procedure of
NHST within phonetics, we think that it is most prudent at this
stage to be aware of the opportunities offered by Bayesian and
frequentist approaches. Moreover, learning about standard
Bayesian methods may also help clarify misunderstandings
about NHST (see Hoekstra, Morey, Rouder, &
Wagenmakers, 2014; Wagenmakers, Morey, & Lee, 2016;
Morey et al., 2016; Nicenboim et al., 2018).

4. Dealing with the multidimensionality of speech communication

Our choice of data analysis varies tremendously as a
function of the way phenomena are observed and measured.
Depending on how observations are operationalized, certain
analytical tools may or may not apply. Speech is inherently
multidimensional and varies across time, as is the case with
pitch curves, formant trajectories or articulatory gestures.
These time-series data can be analyzed as a sequence of
static landmarks (“magic moments”, Vatikiotis-Bateson,
Barbosa, & Best, 2014) or as continuous trajectories,
depending on how relevant the dynamic nature of speech
behavior is for any given theory (Mücke, Grice, & Cho,
2014).

This special issue includes an introduction to Generalized
Additive Models (GAMs), which are an extension of the classi-
cal generalized linear model (GLM) that enjoys wide use within
phonetics (e.g., multiple regression, logistic regression, linear
mixed effects models). Even traditional tests, such as t-tests
and ANOVAs are approaches that can be re-expressed in a
regression framework, in which case they yield equivalent
results (if appropriately specified). GAMs extend GLMs with
methods for modeling smooth nonlinear functions between a
response and one or more predictors (Winter & Wieling,
2016; Wood, 2006). They also offer tools for addressing auto-
correlations in the residual error, which are often present in

time-series data, i.e. when observations are ordered in time,
current observations may depend on previous observations.

Wieling (2018, this collection) introduces GAMs and offers a
step-by-step tutorial based on an analysis of articulatory data
(for other introductions, see, e.g., Winter & Wieling, 2016,
and Baayen et al., 2017). As with any new tool, it is not always
clear what the best approach to using this tool is from the out-
set. This was the case with linear mixed effects models, which
incited a prominent debate about what the best random effects
structure for the analysis of experimental designs is (see Barr
et al., 2013; Bates, Kliegl, Vasishth, & Baayen, 2015;
Matuschek, Kliegl, Vasishth, Baayen, & Bates, 2017). The flex-
ibility inherent to statistical modeling is amplified in the case of
GAMs, which provide many more options to their users. Wiel-
ing discusses some of these options.

An important complementary aspect of multidimensionality
is tackled by Tomaschek, Hendrix, and Baayen (2018, this col-
lection). They deal with a common problem in regression anal-
yses (and by extension mixed models, GAMs etc.), namely, the
issue of collinearity. When predictor variables in a model are
highly correlated, estimates of parameters may become unsta-
ble and researchers can easily draw the wrong conclusions
based on their data. Collinearity is an important problem that
is often overlooked. As stated by Zuur, Leno, and Elphick
(2010, p. 9): “If collinearity is ignored, one is likely to end up
with a confusing statistical analysis in which nothing is signifi-
cant, but where dropping one covariate can make the others
significant, or even change the sign of estimated parameters.”
Tomaschek et al. provide a critical discussion of three methods
developed specifically for the analysis of data sets with many
correlated predictors - regularization with the elastic net, regu-
larization with supervised component regression, and random
forests - each of which has its strengths and weaknesses,
depending on the goals of the analysis.

Plummer and Reidy (2018, this collection) discuss another
issue related to the multidimensionality of phonetic data analy-
sis. They discuss a method for computing low-dimensional
representations of speech which centers on the use of Lapla-
cian Eigenmaps to build structures over data points from which
low-dimensional representations of speech are learned. This
technique enables researchers to reduce the multi-
dimensional acoustic signal to lower dimensionality, which,
as they argue, is a better proxy of cognitive and social speech
categories.

Another aspect of multidimensionality is tackled by Danner,
Barbosa, and Goldstein (2018, this collection), discussing
topics related to the non-verbal context in which speech
occurs. Speech communication is accompanied by changes
in body posture, head position, gaze, facial expressions, and
manual gestures (Goldin-Meadow, 2003; Kendon, 2004;
McNeill, 1992). Danner et al. invite the reader to rethink how
to characterize multimodal speech by applying dynamic
approaches already used in speech research to multimodal
communication. They discuss both the problem of automati-
cally identifying visual gestures in video images, as well as
the problem of correlating a gestural data stream with an
acoustic data stream.

The papers discussed so far are either focused on the mer-
its and pitfalls of different statistical philosophies (such as
NHST versus Bayesian inference), or they discuss various
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new methods that are useful for different phonetic applications.
Another strand that runs across the entire special issue is the
issue of reproducibility. Reflecting on methods does not end
with choosing a particular method, but it also includes thinking
about how data analyses are communicated and shared with
the community.

5. Towards reproducible phonetic sciences

To assess the strength of evidence for a theory, one needs to
consider how the data were collected and how they were ana-
lyzed. Evaluating the strength of evidence becomes very difficult
if part of the research process is not transparent. Reproducible
research involves the capacity of other researchers (who have
not conducted the original study) to repeat the analysis that is
presented in a published study (see Peng, 2011; Munafò et al.,
2017). Reproducibility minimally necessitates that both the data
(either raw data or data tables) and the analysis code are made
available to the community (if this is possible). Following recent
calls for more transparent scientific practices (e.g. the Open
Science Framework, see Nosek, 2017), we want to reiterate
the plea for more reproducibility within phonetics in particular,
and within linguistics more generally.

For our field, reproducible research has numerous advan-
tages. First, as mentioned above, even expert data analysts
will perform different analyses based on the same dataset
(Silberzahn et al., 2018). Naturally, different analysis choices
yield different conclusions (Roettger, 2019; Gelman & Loken,
2013; Simmons et al., 2011). McElreath (2016) emphasizes
that statistical modeling is subjective, in the sense that it incor-
porates the researcher’s beliefs and assumptions about a
study system. Because of its inherent flexibility and subjectiv-
ity, the only way to allow evaluation of the process of statistical
modeling by outsiders is to make it open.2 Transparency then
allows other researchers to draw their own conclusions based
on the same dataset, reanalyze other aspects of them etc.

From a practical stand point, sharing materials, data, and
code publicly has several applied advantages (Houtkoop
et al., 2018). For example, data sharing has been associated
with a citation benefit (Piwowar & Vision, 2013). Moreover,
sharing data on online repositories can be a safeguard against
‘scooping’ (Houtkoop et al., 2018) since a researcher can claim
precedence for a dataset or an analysis before a paper is pub-
lished. In addition, permanently accessible repositories protect
against data loss and link rot. Open research practices have
furthermore shown to increase visibility, as well as to increase
the number of opportunities for funding, jobs, and collabora-
tions (McKiernan et al., 2016). If we make our materials and
code available, the next research group (or our own) might
have an easier time to replicate our experiment or extend our
findings without duplicating efforts. This saves valuable
resources and allows for a more rapid advancement of our field.

Publishing the data and code also facilitates knowledge
transfer: Other researchers can learn from the ways a particu-
lar dataset was analyzed, and how the analysis was imple-
mented in actual software code. It is within the spirit of
sharing knowledge and being transparent, that all authors of
this special issue make their code and data available on public
repositories, allowing the readership of the special issue to
readily implement the methods, as well as to actively partici-
pate in the discourse that surrounds the methods presented
here. Reproducibility runs as a prominent thread through all
of the papers in this special issue. All papers in this special
issue contain links to publicly available repositories.

Many of the papers are written in a tutorial-like way, inviting
the reader to reproduce and extend the offered analyses
(Jadoul, Thompson, & de Boer, 2018; Vasishth et al., 2018;
Wieling, 2018). For example, Politzer-Ahles and Piccinini
(2018, this collection) discuss ways to visualize the results of
hierarchical models that allows one to communicate the
population-level estimates alongside the random variation
associated with crossed random effects. Data visualization is
an important aspect of communicating research findings and
has been the subject of ongoing debates across scientific
fields (e.g., Tufte, 1990; Kosslyn, 2006; Weissgerber, Milic,
Winham, & Garovic, 2015). Politzer-Ahles and Piccinini’s
paper not only serves as a reminder of the importance of data
visualization in communicating data and the results of statisti-
cal models; the inclusion of their scripts allows other users to
apply them to new datasets.

The topic of reproducibility is also a prominent theme for
Jadoul et al. (2018, this collection). As argued by many pro-
ponents of reproducible research, all aspects of the research
workflow interact with reproducibility, not just the “final” data
analysis stage. For example, in acoustic analyses, there are
many degrees of freedom as to what acoustic parameters
to extract and how, such as the settings used for the mea-
surements of a particular speaker’s fundamental frequency.
We usually perform these analyses in available software such
as Praat (Boersma & Weenink, 2018). However, data extrac-
tion in Praat is usually detached from subsequent statistical
analyses. To streamline these processes, automated tech-
niques can be used, for which Jadoul et al. (2018) propose
a new toolkit, Parselmouth, which integrates the extraction
of Praat-based acoustic analysis into a Python-based work-
flow. For users of Python, this allows the combination of
acoustic and statistical analyses within one and the same
script and may make acoustic analysis using Praat function-
alities accessible. For those who currently use Praat, Parsel-
mouth may provide a useful alternative to streamline the
process of acoustic analysis and integrate it into a more
reproducible workflow.

Taken together, the papers in this volume contribute to our
mutual resources by introducing new tools, novel ways of ana-
lyzing our data, and by critically evaluating past, present and
future analytical practices. Because all authors publicly share
their materials, data, and code, they significantly contribute to
our shared knowledge and facilitate future research. Aiming
at increasing reproducibility has not only practical benefits for
individual researchers, but it also benefits us as a collective
scientific field, enabling us to access new methods and helping
us to substantiate our findings.

2 At present, many of the descriptions of statistical methods found in phonetics papers
do not allow reproducing the performed analysis; in some cases, it is not even clear what
general analysis was conducted (e.g., p-values may be listed without a detailed description
of the associated statistical models these values are based on). For example, Winter
(2011) tried to assess how often the independence assumption is violated in speech
production data and found that many publications in phonetics do not provide enough
information to allow such an assessment. This issue, common in all quantitative sciences,
prevents the statistically minded readers to reproduce the analysis and does not allow
proper evaluation of the presented evidence.
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6. Conclusions

To conclude, we want to emphasize the spirit with which this
special issue was conceived. As statistics is constantly evolv-
ing within and outside of linguistics and phonetics, there is a
plurality of different analysis approaches. Many analytical
philosophies alongside methodological tools and techniques
co-exist alongside each other at any given point. In many ways,
this is advantageous, as this creates the opportunity for discov-
ery of new methods, many of which come from other fields, as
well as the opportunity for honest discussion of the advantages
and disadvantages of existing approaches. We are in no posi-
tion, and nor is it our intention, to “police” any existing practices,
or to provide recipes or guidelines that everybody should
adhere to. Any strict rule will prove to be obsolete in the con-
stantly changing landscape of statistical analysis. Instead, we
want to invite the community to reflect on existing practices,
as well as to look ahead to incorporate new analysis methods.
Instead of accepting any of these techniques as absolute, we
have to continue the methodological debate as a community.
Moreover, by becoming increasingly reproducible, we can
ensure that this plurality of methods benefits our common sci-
entific goal, to understand the physical, cognitive, and social
aspects of human speech communication.
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ࡾ Fࢌ JOUPOBUJPO PG RVFTUJPOT BOE
DPOUSBTUJWF GPDVT JO 5BTIMIJZU

ࡺ�ࡾ *OUSPEVDUJPO

$SPTT�MJOHVJTUJDBMMZ UIF ७BHHJOH PG RVFTUJPOT BOE UIF NBSLJOH PG DPOUSBTUJWF FM�
FNFOUT SFQSFTFOU DPNNVOJDBUJWF GVODUJPOT UIBU BSF QSPUPUZQJDBMMZ FYQSFTTFE CZ
NFBOT PG NPSQIPTZOUBDUJD EFWJDFT TVDI BT XPSE PSEFS PS NPSQIPMPHJDBM NBSL�
JOH� *O BEEJUJPO UP NPSQIPTZOUBY UIFTF GVODUJPOT DBO CF FYQSFTTFE WJB QSPTPEJD
TUSVDUVSF BOE�PS JOUPOBUJPO� লF QSFTFOU DIBQUFS XJMM JOWFTUJHBUF UIF JOUPOBUJPOBM
NBSLJOH PG RVFTUJPOT BOE DPOUSBTUJWF TUBUFNFOUT JO 5BTIMIJZU� 8F XJMM TIPX UIBU
VOEFS DFSUBJO DJSDVNTUBODFT CPUI GVODUJPOT BSF FYQSFTTFE CZ TJNJMBS QIPOFUJD
QBSBNFUFST� RVFTUJPOT BOE DPOUSBTUJWF TUBUFNFOUT BSF DIBSBDUFSJTFE CZ B SJTF�GBMM
JO QJUDI� )PXFWFS FWFO UIPVHI UIF QJUDI NPWFNFOUT BSF WFSZ TJNJMBS JO TPNF
DPOUFYUT UIFSF BSF DMFBS EJTUSJCVUJPOBM QSPQFSUJFT BOE BDPVTUJD DPSSFMBUFT UIBU TZT�
UFNBUJDBMMZ EJTUJOHVJTI UIF UPOBM FWFOUT JO RVFTUJPOT GSPN UIF POFT JO DPOUSBTUJWF
TUBUFNFOUT�

লF DIBQUFS JT TUSVDUVSFE BT GPMMPXT� "যFS B CSJFG JOUSPEVDUJPO UP MJOHVJTUJD
BTQFDUT PG ७BHHJOH RVFTUJPOT BOE NBSLJOH DPOUSBTUJWF FMFNFOUT 	gঞ�ছ
 DPNNPO
DSPTT�MJOHVJTUJD TUSBUFHJFT FNQMPZFE UP FYQSFTT UIFTF GVODUJPOT QSPTPEJDBMMZ BOE
JOUPOBUJPOBMMZ XJMM CF EJTDVTTFE 	gঞ�জ
� .PSQIPTZOUBDUJD DPOTUSVDUJPOT BOE UIF
JOUPOBUJPOBM FYQSFTTJPO PG ७BHHJOH RVFTUJPOT BOE NBSLJOH DPOUSBTUJWF FMFNFOUT
JO 5BTIMIJZU BSF UIFO EFTDSJCFE CBTFE PO RVBMJUBUJWF PCTFSWBUJPOT 	gঞ�ঝ
� 4VCTF�
RVFOUMZ B QSPEVDUJPO TUVEZ XJMM CF QSFTFOUFE UIBU QSPWJEFT FWJEFODF GPS CPUI
HMPCBM QJUDI QBSBNFUFST BOE MPDBM UPOBM FWFOUT CFJOH VTFE UP EJTUJOHVJTI RVFT�
UJPOT GSPN DPSSFTQPOEJOH DPOUSBTUJWF TUBUFNFOUT� .PSFPWFS FWJEFODF XJMM CF
QSFTFOUFE UIBU UIF MPDBUJPO PG UPOBM FWFOUT JT EFUFSNJOFE CZ TFWFSBM JOUFSBDUJOH
GBDUPST 	gঞ�ঞ
� " QFSDFQUJPO TUVEZ XJMM CF QSFTFOUFE UIBU EFNPOTUSBUFT UIF QFS�
DFQUVBM SFMFWBODF PG UIF JEFOUJ६FE DVFT 	gঞ�ট
�



ঞ লF JOUPOBUJPO PG RVFTUJPOT BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU

ࡻ�ࡾ FPSFUJDBMࢌ CB࢈HSPVOE� RVFTUJPOT BOE GPDVT

ࡺ�ࡻ�ࡾ �FTUJPOTࢋ B XPSLJOH EFࡠOJUJPO

লF EJTUJODUJPO CFUXFFO RVFTUJPOT BOE TUBUFNFOUT JT VTVBMMZ EF६OFE CZ B CVOEMF
PG QSPQFSUJFT BTTPDJBUFE XJUI EJ५FSFOU MJOHVJTUJD MFWFMT PG EFTDSJQUJPO� "T B SFTVMU
UIF UFSN ۏRVFTUJPOێ JT VTFE BNCJHVPVTMZ JO UIF MJUFSBUVSF� 'JSTU RVFTUJPO DBO SF�
GFS UP B TZOUBDUJDBMMZ EF६OFE JOUFSSPHBUJWF TUSVDUVSF JSSFTQFDUJWF PG JUT QSBHNBUJD
GVODUJPO� "O FYBNQMF JT UIF &OHMJTI ZFT�OP RVFTUJPO XIJDI JT NPSQIPTZOUBDUJ�
DBMMZ EJTUJOHVJTIFE GSPN B DPSSFTQPOEJOH TUBUFNFOU CZ BVYJMJBSZ GSPOUJOH 	DG� চ
BOE ছ CFMPX
� 4FDPOE UIF UFSN RVFTUJPO DBO BMTP SFGFS UP BO VਛFSBODF UIBU GVOD�
UJPOT BT B SFRVFTU GPS JOGPSNBUJPO SFHBSEMFTT PG JUT NPSQIPTZOUBDUJD GPSN� "O
FYBNQMF JT UIF EFDMBSBUJWF RVFTUJPO JO &OHMJTI XIJDI FYIJCJUT B EFDMBSBUJWF TZO�
UBDUJD TUSVDUVSF 	F�H� 	জC
 CFMPX
� 'PMMPXJOH #BSUFMT 	চ
 	BযFS -ZPOT চ BOE
+BDPCT চচ
 UIF UFSN ۏRVFTUJPOێ TIBMM CF VTFE IFSF BT B QVSFMZ GVODUJPOBM UFSN
SFGFSSJOH UP VਛFSBODFT UIBU DPOWFZے QFSDFJWFE SFMBUJWF MBDL PG JOGPSNBUJPO <ۜ>
SFHBSEJOH B SFMFWBOU BTQFDU PG QSPQPTJUJPOBM DPOUFOUۓ 	#BSUFMT চ� 
� *O UVSO
TUBUFNFOUT BSF EF६OFE BT VਛFSBODFT UIBU MBDL TVDI TQFBLFS VODFSUBJOUZ� লF GPM�
MPXJOH TUVEZ JT MJNJUFE UP UXP RVFTUJPO UZQFT� ZFT�OP RVFTUJPOT BOE EFDMBSBUJWF
RVFTUJPOT�

0OF PG UIF NPTU DPNNPO BOE NPTU PযFO EJTDVTTFE RVFTUJPO UZQFT JT UIF �ZFTێ
OP RVFTUJPOۏ 	IFODFGPSUI� Z�O RVFTUJPO BMTP LOPXO BT QPMBSێ RVFTUJPOۏ
� *U JT
DPOTJEFSFE UIF NPTU CBTJD RVFTUJPO UZQF BOE B OFBS VOJWFSTBM BDSPTT MBOHVBHFT
	4BEPDL � ;XJDLZ চঠঞ
� $PNQBSFE UP B DPSSFTQPOEJOH TUBUFNFOU 	DG� চ
 Z�O
RVFTUJPOT JO &OHMJTI DBO CF NBSLFE CZ BVYJMJBSZ GSPOUJOH 	DG� চ BOE ছ
�

	চ
 )FMFO BUF UIF DIPDPMBUF�

	ছ
 %JE )FMFO FBU UIF DIPDPMBUF 

	জ
 B� * BUF UIF DIPDPMBUF�
C� :PV BUF UIF DIPDPMBUF 

"OPUIFS DMPTFMZ SFMBUFE UZQF PG RVFTUJPO JT UIF EFDMBSBUJWF RVFTUJPO� লJT RVFT�
UJPO UZQF JT NPSQIPTZOUBDUJDBMMZ JEFOUJDBM UP DPSSFTQPOEJOH TUBUFNFOUT BOE JT PG�
UFO SFQPSUFE UP CF EJTUJOHVJTIFE GSPN TUBUFNFOUT CZ JOUPOBUJPO POMZ 	)BFTFSZO
FU BM� চ
� )FODFGPSUI UIF UFSN EFDMBSBUJWF RVFTUJPO XJMM CF VTFE UP SFGFS UP SF�
RVFTUT GPS JOGPSNBUJPO XJUI EFDMBSBUJWF TZOUBDUJD TUSVDUVSF� লJT JODMVEFT CPUI
EFDMBSBUJWF RVFTUJPOT BOE FDIP RVFTUJPOT� লF MBਛFS BSF SFQFUJUJPOT PG FJUIFS BO
FOUJSF QSFDFEJOH VਛFSBODF PS QBSUT PG JU BOE FYQSFTT FJUIFS TVSQSJTF EJTCFMJFG
PS MBDL PG DPNQSFIFOTJPO JOEJDBUJOH UIBU UIF QSPQPTJUJPO UIF RVFTUJPO SFGFST UP

টছ



ঞ�ছ লFPSFUJDBM CBDLHSPVOE� RVFTUJPOT BOE GPDVT

JT VOFYQFDUFE PS JOBQQSPQSJBUF� &DIP RVFTUJPOT PযFO BTL GPS DPO६SNBUJPO PS
DMBSJ६DBUJPO BOE DBO CF EFTDSJCFE BT IBWJOH B CJBT UPXBSET B OFHBUJWF SFTQPOTF
	DG� জ
�চ

ࡻ�ࡻ�ࡾ 'PDVT� B XPSLJOH EFࡠOJUJPO

" QSBHNBUJD OPUJPO XIJDI JT PSUIPHPOBM UP UIF EJTUJODUJPO CFUXFFO RVFTUJPOT BOE
TUBUFNFOUT BOE XIJDI JT DSPTT�MJOHVJTUJDBMMZ GSFRVFOUMZ FYQSFTTFE CZ JOUPOBUJPO
JT �ۏGPDVTێ ,SJমB 	ছঠ
 EF६OFT GPDVT BT UIF NBSLJOH PG FMFNFOUT UP JOEJDBUF UIBU
BMUFSOBUJWFT UP UIFTF FMFNFOUT BSF SFMFWBOU GPS UIF JOUFSQSFUBUJPO PG UIF VਛFSBODF�
$POTJEFS FYBNQMFT 	ঝ
 BOE 	ঞ
�

	ঝ
 )FMFO BUF <UIF NJML DIPDPMBUF>�

	ঞ
 <)FMFO> BUF UIF NJML DIPDPMBUF�

লF TUBUFNFOUT BSF NPSQIPTZOUBDUJDBMMZ JEFOUJDBM BOE EFOPUF UIF TBNF QSPQP�
TJUJPO CVU EJ५FS XJUI SFHBSE UP XIJDI BSHVNFOU JT JO GPDVT� *O 	ঝ
 UIF NJML DIPDP�
MBUF JT JO GPDVT JNQMZJOH UIBU UIFSF BSF BMUFSOBUJWFT UP UIF NJML DIPDPMBUF UIBU BSF
SFMFWBOU GPS UIF JOUFSQSFUBUJPO PG UIF VਛFSBODF� লF QBSU PG UIF VਛFSBODF UIBU JT
OPU JO GPDVT JT PযFO SFGFSSFE UP BT ۏCBDLHSPVOEێ 	-BNCSFDIU চট
� *O 	ঞ
 )FMFO
JT JO GPDVT JNQMZJOH UIBU UIFSF BSF BMUFSOBUJWFT UP )FMFO UIBU BSF SFMFWBOU GPS UIF
JOUFSQSFUBUJPO PG UIF VਛFSBODF� )FSF UIF NJML DIPDPMBUF JT JO UIF CBDLHSPVOE�

*O 	ঝ
 B GSJFOE BOE * NBZ IBWF CFFO UBMLJOH BCPVU )FMFOۏT FBUJOH IBCJUT BOE
IFS SFDFOU EJFU XIJDI JT NBJOMZ CBTFE PO WFHFUBCMFT BOE GSVJUT� :FTUFSEBZ )FMFO
DIFBUFE BOE JOTUFBE PG FBUJOH B CBOBOB TIF BUF UIF NJML DIPDPMBUF UIBU * IBE
CPVHIU GPS NZTFMG� লF NJML DIPDPMBUF BOE UIF FYQMJDJUMZ PS JNQMJDJUMZ NFOUJPOFE
BMUFSOBUJWFT BSF SFMFWBOU GPS JOUFSQSFUJOH UIJT QBSUJDVMBS TUBUFNFOU IFSF� * DPO�
USBTU UIF NJML DIPDPMBUF XJUI GSVJUT GPS FYBNQMF CZ NFBOT PG GPDVTJOH UIF NJML
DIPDPMBUF� "MUFSOBUJWFMZ XF NBZ IBWF CFFO UBMLJOH BCPVU UIF NJML DIPDPMBUF
CBST JO NZ DVQCPBSE� 0OF QBDLBHF EJTBQQFBSFE BOE * BTL NZ GSJFOET XIP UPPL
JU� লF BOTXFS JO 	ঞ
 JT B DPNQBUJCMF SFTQPOTF IFSF TJODF JU TJHOBMT UIBU )FMFO EJE
JU BOE OPU TPNFPOF FMTF� 'PDVT DBO NPSFPWFS EJ५FS XJUI SFTQFDU UP UIF TJ[F PS
TDPQF PG UIF GPDVT EPNBJO� $POTJEFS FYBNQMF 	ঞ
 BHBJO IFSF SFQFBUFE BT 	ট
� *U JT
B DPNQBUJCMF BOTXFS UP BMM PG UIF GPMMPXJOH RVFTUJPOT JO 	
�

	ট
 )FMFO BUF UIF NJML DIPDPMBUF�

চ "OPUIFS DPNNPO RVFTUJPO UZQF JT UIF XI�RVFTUJPO XIJDI XJMM CF CSJF७Z EJTDVTTFE JO $IBQUFS
 	TFF #SVHHFNBO 3PFਛHFS � (SJDF ছচ GPS B ६STU FYQMPSBUJPO PG XI�RVFTUJPOT JO 5BTIMIJZU
�

টজ



ঞ লF JOUPOBUJPO PG RVFTUJPOT BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU

	
 B� 8IBU IBQQFOFE <)FMFO BUF UIF NJML DIPDPMBUF>�
C� 8IBU EJE )FMFO EP )FMFO <BUF UIF NJML DIPDPMBUF>�
D� 8IBU EJE )FMFO FBU )FMFO BUF <UIF NJML DIPDPMBUF>�
E� %JE )FMFO FBU UIF CBOBOB )FMFO BUF <UIF NJML DIPDPMBUF>�
F� %JE )FMFO FBU UIF XIJUF DIPDPMBUF )FMFO BUF UIF <NJML> DIPDPMBUF�

FTUJPO 	B
 FMJDJUT XIPMF�TFOUFODF GPDVT 	BMTP SFGFSSFE UP BT CSPBEێ GPDVTۏ

XJUIPVU QSBHNBUJDBMMZ TJOHMJOH PVU B TQFDJ६D FMFNFOU JO UIF VਛFSBODF� FTUJPOT
	C�F
 FMJDJU OBSSPXێ GPDVTۏ FJUIFS PO UIF WFSC QISBTF 	C
 UIF FOUJSF DPNQPVOE JO
PCKFDU QPTJUJPO 	D BOE E
 PS UIF NPEJ६FS PG UIJT DPNQPVOE 	F
� লF BOTXFST EJG�
GFS XJUI SFTQFDU UP UIF TFU PG BMUFSOBUJWFT� "O BOTXFS UP 	B
 BOE 	C
 DBO FJUIFS
CF EFTDSJCFE BT MBDLJOH B KVYUBQPTJUJPO PG BMUFSOBUJWFT PS BT CFJOH BO BMUFSOB�
UJWF UP BOPUIFS IPMJTUJD QSPQPTJUJPO� *O 	D
 UIF NJML DIPDPMBUF PO UIF PUIFS IBOE
DPOUSBTUT XJUI BO PQFO TFU PG BMUFSOBUJWFT 	BMM QPTTJCMF UIJOHT )FMFO DPVME IBWF
FBUFO
� *O BO BOTXFS UP RVFTUJPOT 	E
 PS 	F
 UIF GPDVTFE DPOTUJUVFOU JT FYQMJDJUMZ
DPOUSBTUFE XJUI UIF BMUFSOBUJWF JO UIF RVFTUJPO 	CBOBOB � XIJUF DIPDPMBUF
� লF
FYBNQMFT JO 	E
 BOE 	F
 BSF B TQFDJ६D UZQF PG OBSSPX GPDVT XIJDI JT SFGFSSFE UP
BT DPSSFDUJWFێ GPDVTۏ PS DPOUSBTUJWFێ GPDVTۏ� 'PDVT UZQFT TVDI BT DPOUSBTUJWF GPDVT
DBO CF NBSLFE CZ NPSQIPTZOUBDUJD EFWJDFT TVDI BT XPSE PSEFS PS GPDVT QBSUJDMFT�
লFZ DBO BMTP CF NBSLFE CZ JOUPOBUJPO PS QSPTPEJD TUSVDUVSF POMZ�

ࡼ�ࡾ Fࢌ JOUPOBUJPO PG RVFTUJPOT BOE GPDVT

.BOZ MBOHVBHFT FYQSFTT CPUI RVFTUJPOT BOE DPOUSBTUJWF GPDVT CZ NFBOT PG JOUP�
OBUJPO� *O TPNF DBTFT UIF JOUPOBUJPOBM QBSBNFUFST VTFE UP NBSL UIFTF GVODUJPOT
MPPL WFSZ TJNJMBS EJ५FSJOH POMZ JO TVCUMF XBZT� লVT DPNQBSJOH UIFTF UXP GVOD�
UJPOT JT B QSPNJTJOH EFQBSUVSF QPJOU GSPN XIJDI UP HBJO BO VOEFSTUBOEJOH PG UIF
JOUPOBUJPO TZTUFN PG 5BTIMIJZU� লF GPMMPXJOH TFDUJPO XJMM HJWF BO PWFSWJFX PG
QPTTJCMF JOUPOBUJPOBM EFWJDFT FNQMPZFE UP FYQSFTT UIFTF GVODUJPOT JO PUIFS MBO�
HVBHFT�

ࡺ�ࡼ�ࡾ Fࢌ JOUPOBUJPO PG RVFTUJPOT

-BOHVBHFT IBWF CFFO GSFRVFOUMZ SFQPSUFE UP EJTUJOHVJTI RVFTUJPOT GSPN DPSSF�
TQPOEJOH TUBUFNFOUT CZ NFBOT PG ۏHMPCBMێ PS MPDBMێ QJUDI TDBMJOHۏ PS DFSUBJO UPOBM
FWFOUT� (MPCBM TDBMJOH BMTP SFGFSSFE UP BT QJUDIێ SFHJTUFSۏ 	-BEE ছঠ
 JOWPMWFT
UIF MPXFSJOH PS SBJTJOH PG QISBTF�MFOHUI DPOUPVST� *G CPUI UIF MPXFTU BOE IJHIFTU
QPJOUT PG B DPOUPVS BSF SBJTFE UIFSF JT BO JODSFBTF JO QJUDIێ MFWFMۏ� JG UIF MPXFTU
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ঞ�জ লF JOUPOBUJPO PG RVFTUJPOT BOE GPDVT

QPJOU JT MPXFSFE BOE UIF IJHIFTU QPJOU JT SBJTFE UIFSF JT BO JODSFBTF JO QJUDIێ
TQBOۏ� -PDBM TDBMJOH JOWPMWFT B TQFDJ६D UPOBM FWFOU TVDI BT B SJTF PS B GBMM BOE
UZQJDBMMZ JOWPMWFT B MPDBM JODSFBTF JO QJUDI TQBO BMTP SFGFSSFE UP BT QJUDIێ FYDVS�
TJPOۏ J�F� UIFSF BSF MPXFS MPXT BOE IJHIFS IJHIT GPS UIF SFTQFDUJWF UPOBM FWFOU
	-BEE ছঠ
�

$SPTT�MJOHVJTUJDBMMZ CPUI MPDBM BOE HMPCBM QJUDI TDBMJOH IBWF PযFO CFFO SF�
QPSUFE UP CF TJHOJ६DBOUMZ EJ५FSFOU GPS RVFTUJPOT BOE TUBUFNFOUT XJUI RVFTUJPOT
HFOFSBMMZ FYIJCJUJOH IJHIFS QJUDI 	BNPOH PUIFST "NFSJDBO &OHMJTI� )JSTU �
%J $SJTUP চঠ� )BVTB� *OLFMBT � -FCFO চ� )BXBJJBO� .VSQIZ ছচজ� .BO�
EBSJO $IJOFTF� 4IFO চ� .PSPDDBO "SBCJD� #FOLJSBOF চঠ� BOE 7JFUOBNFTF�
#SVOFMMF 1IVPOH )B � (SJDF ছচছ� DG� )BBO ছছ GPS BO PWFSWJFX
� লJT EJ५FS�
FODF JO QJUDI TDBMJOH NBZ CF FYQSFTTFE JO UFSNT PG EJ५FSFOU QBSBNFUFST� 'JOOJTI
IBT CFFO SFQPSUFE UP FYIJCJU IJHIFS JOJUJBM QJUDI WBMVFT JO RVFTUJPOT UIBO JO TUBUF�
NFOUT 	*JWPOF চঠ
� 4PNF MBOHVBHFT IBWF IJHIFS QJUDI QFBLT JO RVFTUJPOT UIBO JO
DPSSFTQPOEJOH TUBUFNFOUT F�H� 4XFEJTI BOE .PSPDDBO "SBCJD 	)BEEJOH�,PDI �
4UVEEFSU�,FOOFEZ চটঝ� (¥SEJOH চঠজ� #FOLJSBOF চঠ
� *O )BVTB UIF MBTU MFYJDBM
IJHI UPOF JO UIF VਛFSBODF JT SBJTFE JO RVFTUJPOT 	*OLFMBT � -FCFO চ
� #FO�
HBMJ IBT CFFO SFQPSUFE UP IBWF CPUI SBJTFE QJUDI QFBLT BT XFMM BT HSFBUFS QJUDI
FYDVSTJPOT GPS UIF DPSSFTQPOEJOH SJTFT JO RVFTUJPOT 	)BZFT � -BIJSJ চচ
�

4DBMJOH EJ५FSFODFT IBWF BMTP CFFO GPVOE UP CF SFMFWBOU JO QFSDFQUJPO� *O UIFJS
TFNJOBM TUVEZ PO &OHMJTI )BEEJOH�,PDI � 4UVEEFSU�,FOOFEZ 	চটঝ
 TIPXFE
UIBU MJTUFOFST XFSF NPSF MJLFMZ UP SBUF B TFOUFODF BT B RVFTUJPO XIFSF UIFSF XBT
IJHIFS G BU UISFF SFGFSFODF QPJOUT 	BDDFOU QFBL QPTU BDDFOUVBM MPX BOE FOE PG
UIF QISBTF
� 4VCTFRVFOU TUVEJFT IBWF DPOTJTUFOUMZ TIPXO UIBU HSFBUFS QJUDI FYDVS�
TJPO JO B SJTF�GBMM JT NPSF GSFRVFOUMZ QFSDFJWFE BT B RVFTUJPO UIBO BT B TUBUFNFOU
GPS B WBSJFUZ PG MBOHVBHFT TVDI BT )VOHBSJBO 	(³TZ � 5FSLFO চঝ
 4XFEJTI
	)PVTF ছজ
 3VTTJBO 	.BLBSPWB ছ
 BOE #BSJ *UBMJBO 	4BWJOP � (SJDF ছ
�

*O BEEJUJPO UP EJTUJOHVJTIJOH RVFTUJPOT GSPN TUBUFNFOUT TDBMJOH EJ५FSFODFT
NBZ DVF EJ५FSFOU RVFTUJPO UZQFT UPP� *O #BSJ *UBMJBO Z�O RVFTUJPOT BOE FDIP
RVFTUJPOT BSF FYQSFTTFE CZ B SJTF�GBMM JO QJUDI BU UIF FOE PG UIF QISBTF� 4BWJOP �
(SJDF 	ছচচ
 DPNQBSFE Z�O RVFTUJPOT XJUI FDIP RVFTUJPOT XIJDI TFSWF BT BO PC�
KFDUJPO UPXBSET UIF SFQFBUFE QSPQPTJUJPO� লFZ GPVOE UIBU FDIP RVFTUJPOT FYIJCJU
IJHIFS QJUDI QFBLT UIBO Z�O RVFTUJPOT�ছ লJT EJ५FSFODF IBT CFFO BਛSJCVUFE UP UIF
QSBHNBUJDBMMZ EJ५FSFOU GVODUJPOT BTTPDJBUFE XJUI UIFTF RVFTUJPO UZQFT� 8IJMF
FDIP RVFTUJPOT FYIJCJU B TUSPOH OFHBUJWF CJBT UPXBSET UIF RVFTUJPOFE QSPQPTJUJPO
JO UIFJS DPSQVT 	MJTUFOFST EP OPU FYQFDU UIF QSPQPTJUJPO UP CF USVF
 Z�O RVFTUJPOT

ছ 5ZQPMPHJDBMMZ *UBMJBO JT QBSUJDVMBSMZ SFNBSLBCMF CFDBVTF JU MBDLT JOUFSSPHBUJWF NPSQIPTZOUBY
JO Z�O RVFTUJPOT�
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ঞ লF JOUPOBUJPO PG RVFTUJPOT BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU

BSF SBUIFS OFVUSBM XJUI SFHBSE UP UIF FYQFDUFE BOTXFS� *O B TVCTFRVFOU QFSDFQ�
UJPO TUVEZ 4BWJOP BOE (SJDF TIPXFE UIBU MJTUFOFST DBO SFMJBCMZNBLF B DBUFHPSJDBM
JEFOUJ६DBUJPO PG UIFTF UXP JOUPOBUJPOBM GPSNT�

"QBSU GSPN EJ५FSFODFT JO TDBMJOH B DSPTT�MJOHVJTUJDBMMZ DPNNPO QBਛFSO TFU�
UJOH RVFTUJPOT BQBSU GSPN TUBUFNFOUT JODMVEFT B TIBSQ ६OBM SJTF BU UIF FOE PG UIF
VਛFSBODF JO RVFTUJPOT 	SFQPSUFE GPS EJ५FSFOU UZQFT PG RVFTUJPOT JODMVEJOH Z�O
RVFTUJPOT BOE FDIP RVFTUJPOT� DG� #PMJOHFS চঠ
� "OPUIFS QBਛFSO UIBU IBT CFFO
GPVOE UP CF SFMBUJWFMZ DPNNPO BDSPTT MBOHVBHFT JT B ६OBM SJTF�GBMM� 0OF JNQPS�
UBOU QBSBNFUFS JO UIJT DPOUPVS JT UIF ۏUJNJOHێ PG UIF QJUDI QFBL BOE JNQPSUBOUMZ
UIF SJTF VQ UP UIJT QFBL� *O 1BMFSNP *UBMJBO GPS FYBNQMF UIF QJUDI QFBL PDDVST
BU B QPTJUJPO JO UIF JOUPOBUJPO QISBTF UIBU JT TUSVDUVSBMMZ TBMJFOU� UIF IFBE PG UIF
JOUPOBUJPO QISBTF XIFSF JU JT QBSU PG UIF OVDMFBS QJUDI BDDFOU UIBU NBSLT UIF
FMFNFOU BT QSBHNBUJDBMMZ SFMFWBOU 	(SJDF চঞ
� লVT UIF SJTF JT PO UIF TZMMBCMF
XJUI UIF IJHIFTU NFUSJDBM TUSFOHUI SBUIFS UIBO BU UIF FEHF PG UIF QISBTF� লF
TVCTFRVFOU GBMM JT SFBMJTFE BU UIF FEHF� $PNQBSBCMF DPOUPVST IBWF CFFO PCTFSWFE
JO PUIFS WBSJFUJFT PG *UBMJBO 	GPS BO PWFSWJFX TFF (SJDF FU BM� ছঞ� 4BWJOP � (SJDF
ছচচ
 BT XFMM BT JO PUIFS MBOHVBHFT TVDI BT #FOHBMJ 	)BZFT � -BIJSJ চচ
 #VMHBS�
JBO 	(SJDF FU BM� চঞ
 (SFFL 	"SWBOJUJ ছচ� "SWBOJUJ � -BEE ছ
 )VOHBSJBO
	-BEE চঠজ� (³TZ � 5FSLFO চঝ� 7BSHB ছছ
 3VTTJBO 	F�H� .BLBSPWB ছ
 BOE
.PSPDDBO "SBCJD 	#FOLJSBOF চঠ
�

ࡻ�ࡼ�ࡾ Fࢌ JOUPOBUJPO PG GPDVT

3JTF�GBMM DPOUPVST ७BHHJOH RVFTUJPOT PযFO SFTFNCMF UPOBM FWFOUT NBSLJOH GPDVT�
" OVNCFS PG EJTDSFUF BT XFMM BT DPOUJOVPVT QSPTPEJD BOE JOUPOBUJPOBM NFDIB�
OJTNT IBWF CFFO GPVOE UP CF VTFE DSPTT�MJOHVJTUJDBMMZ GPS NBSLJOH GPDVT� লFTF
JODMVEF UIF QSFTFODF UZQF BOE UJNJOH PG UPOBM FWFOUT QISBTJOH BT JOEJDBUFE
CZ OPO�UPOBM CPVOEBSZ QIFOPNFOB TVDI BT QBVTFT BOE ६OBM MFOHUIFOJOH BOE
TQBUJP�UFNQPSBM FYQBOTJPO PG UIF TFHNFOUT JOWPMWFE 	F�H� #VSJOH ছ GPS B UZ�
QPMPHJDBM PWFSWJFX PG HSBNNBUJDBM EFWJDFT UP NBSL GPDVT
� .BOZ MBOHVBHFT NBSL
GPDVTFE DPOTUJUVFOUT VTJOH QJUDI BDDFOU UZQF BOE BMJHONFOU JODMVEJOH &OHMJTI
	1JFSSFIVNCFSU চঠ� 1JFSSFIVNCFSU � )JSTDICFSH চ� +VO ছঞ
 *UBMJBO 	(SJDF
FU BM� ছঞ
 3VTTJBO 	.FZFS � .MFJOFL ছট
 BOE (FSNBO 	(SJDF #BVNBOO �
#FO[N¼MMMFS ছঞ� (SJDF FU BM� ছচ
� 'PS FYBNQMF (SJDF FU BM� 	ছচ
 TIPXFE UIBU
(FSNBO TQFBLFST QSFEPNJOBOUMZ VTF FBSMZ QFBL GBMMJOH QJUDI BDDFOUT UP NBSL
CSPBE GPDVT XIJMF DPOUSBTUJWF GPDVT JT QSFEPNJOBOUMZ NBSLFE CZ MBUF QFBL SJTJOH
QJUDI BDDFOUT� *O BEEJUJPO UP QJUDI BDDFOUT QPTJUJPO BOE UZQF PUIFS JOUPOBUJPOBM
DIBOOFMT NBZ CF FYQMPJUFE UP TJHOBM GPDVT� 4PNF SFTFBSDIFST SFQPSU PO QJUDI FY�
DVSTJPO EJ५FSFODFT 	F�H� 1JFSSFIVNCFSU চঠ� -JCFSNBO � 1JFSSFIVNCFSU চঠঝ�
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ঞ�জ লF JOUPOBUJPO PG RVFTUJPOT BOE GPDVT

#SBVO ছট� (SJDF FU BM� ছচ
 SFTFNCMJOH UIF QIPOFUJD QBSBNFUFST EFTDSJCFE GPS
RVFTUJPOT WT� TUBUFNFOUT� 'PS FYBNQMF JU IBT CFFO TIPXO UIBU FWFO XIFO FY�
QSFTTFE CZ UIF TBNF QJUDI BDDFOU UZQF DPOUSBTUJWF GPDVT JT SFBMJTFE XJUI UPOBM
NPWFNFOUT FYIJCJUJOH HSFBUFS QJUDI FYDVSTJPOT UIBO OBSSPX GPDVT 	(SJDF FU BM�
ছচ
�

0UIFS MBOHVBHFT TVDI BT +BQBOFTF 	#FDLNBO� 1JFSSFIVNCFSU চঠট
 $IJDIFĵB
	,BOFSWB চ
 #FOHBMJ 	)BZFT � -BIJSJ চচ
 BOE ,PSFBO 	+VO ছঞ
 EP OPU VTF
QJUDI BDDFOUT UP NBSL GPDVT CVU FODPEF GPDVT UISPVHI QISBTJOH� *O UIFTF MBO�
HVBHFT QISBTF CPVOEBSJFT BSF JOTFSUFE UP UIF MFয PS UIF SJHIU PG GPDVTFE DPO�
TUJUVFOUT TFਛJOH UIFN BQBSU GSPN OPO�GPDVTFE DPOTUJUVFOUT� লFTF CPVOEBSJFT
NBZ PS NBZ OPU HP IBOE JO IBOE XJUI B QFSDFJWBCMF QBVTF BT XFMM BT CPVOEBSZ�
SFMBUFE TQBUJP�UFNQPSBM FYQBOTJPO PG UIF TFHNFOUBM NBUFSJBM�

.PSFPWFS B GPDVTFE DPOTUJUVFOU NBZ DPNF XJUI BEEJUJPOBM TUSFOHUIFOJOH PG
UIF TFHNFOUBM NBUFSJBM JOWPMWFE� 3FTFBSDI DPOEVDUFE NBJOMZ PO MBOHVBHFT UIBU
FYIJCJU QJUDI BDDFOUT SFQPSUT UIBU GPDVTFE DPOTUJUVFOUT FYIJCJU UFNQPSBM BOE TQB�
UJBM FYQBOTJPO� লJT QSPTPEJD TUSFOHUIFOJOH DBO FYUFOE CFZPOE UIF BDDFOUFE
TZMMBCMF BOE DBO B५FDU VOBDDFOUFE TZMMBCMFT XJUIJO B XPSE� 7PXFMT UFOE UP CF
MPOHFS BOE IZQFSBSUJDVMBUFE JO BDDFOUFE TZMMBCMFT� )BSSJOHUPO 'MFUDIFS � #FDL�
NBO 	ছ
 TIPX UIBU &OHMJTI IJHI WPXFMT BSF HFOFSBMMZ SBJTFE XIFO BDDFOUFE�
"MTP GPS &OHMJTI $IP 	ছঞ
 QSFTFOUT EBUB TIPXJOH UIBU �B� JT DPOTJTUFOUMZ MPX�
FSFE BOE �J� JT DPOTJTUFOUMZ GSPOUFE XIFO BDDFOUFE� )F GVSUIFS TIPXT UIBU WPXFMT
JO BDDFOUFE QPTJUJPO BSF BSUJDVMBUFE XJUI GBTUFS BOE MPOHFS KBX PQFOJOH HFTUVSFT
UIBO WPXFMT JO VOBDDFOUFE TZMMBCMFT�

*O TVN B OVNCFS PG QSPTPEJD BOE JOUPOBUJPOBMNFDIBOJTNT IBWF CFFO DSPTT MJO�
HVJTUJDBMMZ SFQPSUFE UP TJHOBM UIBU B DPOTUJUVFOU JT GPDVTFE� লFTF JODMVEF DFSUBJO
UPOBM FWFOUT QISBTJOH BOE TQBUJP�UFNQPSBM FYQBOTJPO PG UIF TFHNFOUT JOWPMWFE�

ࡼ�ࡼ�ࡾ *OUPOBUJPOBM EJFSFODFT CFUXFFO NBSLJOH RVFTUJPOT BOE
NBSLJOH GPDVT

4PNF PG UIF QIPOFUJD QBSBNFUFST FNQMPZFE UP NBSL GPDVTFE DPOTUJUVFOUT 	FTQF�
DJBMMZ DPOUSBTUJWF GPDVT
 SFTFNCMF UIPTF NBSLJOH RVFTUJPOT� SJTJOH�GBMMJOH UPOBM
FWFOUT XJUI MPDBMMZ JODSFBTFE QJUDI FYDVSTJPO� %FTQJUF UIFJS TJNJMBSJUJFT RVFT�
UJPOT PযFO FYIJCJU HSFBUFS QJUDI TDBMJOH PG UIF XIPMF DPOUPVS UIBO DPSSFTQPOE�
JOH 	DPOUSBTUJWF
 TUBUFNFOUT� .PSFPWFS GPDVTFE DPOTUJUVFOUT NBZ FYIJCJU TQBUJP�
UFNQPSBM FYQBOTJPO PG UIF TFHNFOUT JOWPMWFE TFਛJOH UIFN MPDBMMZ BQBSU GSPN
PUIFS FMFNFOUT PG UIF VਛFSBODF�

*O DFSUBJO DPOTUSVDUJPOT B RVFTUJPO BOE B TUBUFNFOU DPOUBJOJOH B QISBTF�६OBM
DPOUSBTUFE FMFNFOU NBZ IBWF B TJNJMBS TVSGBDF GPSN BMUIPVHI UIFSF BSF TVCUMF

ট



ঞ লF JOUPOBUJPO PG RVFTUJPOT BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU

EJ५FSFODFT JO UJNJOH 	(³TZ � 5FSLFO চঝ� NQFSJP*ۏ% � )PVTF চ� .BLBSPWB
ছ
� 'PS FYBNQMF JO /FBQPMJUBO *UBMJBO Z�O RVFTUJPOT BSF DIBSBDUFSJTFE CZ B
SJTF PO UIF BDDFOUFE WPXFM GPMMPXFE CZ B GBMM NBSLJOH UIF FOE PG UIF QISBTF� লF
DPOUPVS PG B TUBUFNFOU XJUI OBSSPX GPDVT BMTP IBT B SJTF UP B QJUDI QFBL PO UIF
BDDFOUFE WPXFM GPMMPXFE CZ B GBMM� &WFO UIPVHI UIFTF DPOUPVST BQQFBS UP CF WFSZ
TJNJMBS JO DFSUBJO DPOUFYUT 	J�F� FYIJCJUJOH UIF TBNF DIBSBDUFSJTUJD SJTF	�GBMM

 UIFZ
IBWF CFFO EFTDSJCFE BT EJ५FSJOH JO UIF BMJHONFOU PG UIF QJUDI QFBL� *O RVFTUJPOT
UIF QJUDI QFBL SFBDIFT JUT UBSHFU MBUFS JO UIF BDDFOUFE WPXFM UIBO JO OBSSPX GPDVT
TUBUFNFOUT�

.PTU PG UIF BCPWF�DJUFE TUVEJFT IBWF TIPXO UIBU JO QFSDFQUJPO TUVEJFT MJTUFO�
FST BSF BCMF UP VTF UIF UJNJOH PG UIF QJUDI QFBL BT B DVF UP TFOUFODF NPEBMJUZ�
NQFSJP*ۏ% � )PVTF 	চ
 TIPX UIBU JO /FBQPMJUBO *UBMJBO UIF UJNJOH PG UIF QFBL
JT BO JNQPSUBOU DVF UP UIF VOEFSMZJOH GVODUJPO 	RVFTUJPOT WT� OBSSPX GPDVT TUBUF�
NFOUT
 XIFO UIF BDDFOUFE XPSE JT ६OBM JO UIF QISBTF� 4JNJMBSMZ (³TZ � 5FSLFO
	চঝ
 TIPXFE UIBU JO )VOHBSJBO MBUFS QFBLT BSF NPSF PযFO QFSDFJWFE BT RVFT�
UJPOT UIBO BT OBSSPX GPDVT TUBUFNFOUT 	TFF BMTP )PVTF ছজ GPS 4XFEJTI BOE
.BLBSPWB ছ GPS 3VTTJBO
�

5P TVN VQ CPUI UIF QJUDI TDBMJOH BOE UIF UJNJOH PG SJTJOH	�GBMMJOH
 UPOBM FWFOUT
BSF DPNNPO QIPOFUJD QBSBNFUFST TJHOBMMJOH RVFTUJPOT BOE DPOUSBTUJWJUZ BDSPTT
MBOHVBHFT� লFTF QBSBNFUFST BSF FYQMPJUFE CZ MJTUFOFST UP EJTBNCJHVBUF RVFTUJPOT
GSPN TUBUFNFOUT� লF GPMMPXJOH TFDUJPOT FYQMPSF JOUPOBUJPOBM EFWJDFT FNQMPZFE
UP NBSL RVFTUJPOT BOE DPOUSBTUJWF DPOTUJUVFOUT JO 5BTIMIJZU� .PSF TQFDJ६DBMMZ
Z�O RVFTUJPOT UBLFO BT B QSPUPUZQJDBM RVFTUJPO UZQF XJMM CF DPNQBSFE UP DPO�
USBTUJWF TUBUFNFOUT� #BTFE PO UIF DSPTT�MJOHVJTUJD PCTFSWBUJPOT EJTDVTTFE BCPWF
UIFTF TFOUFODF NPEBMJUJFT NBZ FYIJCJU TJNJMBS JOUPOBUJPO DPOUPVST CVU NBZ EJG�
GFS JO QJUDI TDBMJOH BOE UIF UJNJOH PG UPOBM UBSHFUT� 'VSUIFSNPSF FDIP RVFTUJPOT
XJMM CF DPNQBSFE UP Z�O RVFTUJPOT� 4JODF FDIP RVFTUJPOT BSF VTVBMMZ DPOTJEFSFE UP
SFRVFTU DPO६SNBUJPO PS DMBSJ६DBUJPO SBUIFS UIBO SFRVFTU OFX JOGPSNBUJPO UIFZ
NBZ CF EJTUJOHVJTIFE JOUPOBUJPOBMMZ GSPN Z�O RVFTUJPOT BT GPS FYBNQMF JO #BSJ
*UBMJBO 	4BWJOP � (SJDF ছচচ
� "HBJO QJUDI TDBMJOH BOE UIF UJNJOH PG UPOBM UBSHFUT
NBZ CF SFMFWBOU QBSBNFUFST UIBU EJTUJOHVJTI UIFTF UXP RVFTUJPO UZQFT�

ࡽ�ࡾ FTUJPOTࢋ BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU�
RVBMJUBUJWF PCTFSWBUJPOT

লF GPMMPXJOH TFDUJPOT XJMM EJTDVTT NPSQIPTZOUBDUJD EFWJDFT VTFE UP NBSL RVFT�
UJPOT BOE DPOUSBTUJWF TUBUFNFOUT JO 5BTIMIJZU� .PSFPWFS UIF JOUPOBUJPOBM NBSL�
JOH PG UIFTF GVODUJPOT XJMM CF EJTDVTTFE CBTFE PO RVBMJUBUJWF PCTFSWBUJPOT�
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ঞ�ঝ FTUJPOT BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU� RVBMJUBUJWF PCTFSWBUJPOT

ࡺ�ࡽ�ࡾ FTUJPOTࢋ JO 5BTIMIJZU

5BTIMIJZU NBSLT RVFTUJPOT NPSQIPTZOUBDUJDBMMZ� :�O RVFTUJPOT BSF DBOPOJDBMMZ
DIBSBDUFSJTFE CZ B NPSQIPMPHJDBM NBSLFS 	JT�
 XIJDI DMJUJDJTFT UP UIF WFSC JO
DMBVTF�JOJUJBM QPTJUJPO 	DG� ঠ
�

	ঠ
 JT�U�TɁB
ীৄ�জঽ�া�CPVHIU

U�GSVͶ�U
ঽ�DIJME�হ৲ঽ�া

EEJTL 
SFDPSE

JE%ێ UIF HJSM CVZ B SFDPSE ۏ

	
 U�TɁB
জঽ�া�CPVHIU

U�GSVͶ�U
ঽ�DIJME�হ৲ঽ�া

EEJTL
SFDPSE

লFێ HJSM CPVHIU B SFDPSEۏ� PS লFێ HJSM CPVHIU B SFDPSE ۏ

*O TQPOUBOFPVT TQFFDI EFDMBSBUJWF RVFTUJPOT BSF VTFE NPSF GSFRVFOUMZ UP SF�
RVFTU JOGPSNBUJPO UIBO Z�O RVFTUJPOT� %FDMBSBUJWF RVFTUJPOT EP OPU EJ५FS GSPN
DPSSFTQPOEJOH EFDMBSBUJWF TUBUFNFOUT NPSQIPTZOUBDUJDBMMZ 	DG� 
�

#PUI RVFTUJPO UZQFT 	Z�O EFDMBSBUJWF
 BSF DIBSBDUFSJTFE CZ TJNJMBS JOUPOBUJPO
DPOUPVST� B SJTF UP B QJUDI QFBL GPMMPXFE CZ B GBMM VTVBMMZ PDDVSSJOH PO UIF MBTU
XPSE PG UIF QISBTF 	DG� 'JHVSF ঞ�চ
�জ

'JHVSF ঞ�চ� 3FQSFTFOUBUJWF XBWFGPSN BOE G DPOUPVS PG UIF Z�O RVFT�
UJPO �B JT JͶEN MQSVHSBN� 6IۜEPFTێ UIF QSPHSBN XPSL ۏ 'JOBM TZMMBCMF
IJHIMJHIUFE JO HSFZ�

0যFO UIF QISBTF�६OBM GBMM EPFT OPU SFBDI B MPX UBSHFU SFTVMUJOH JO EJ५FSFOU EF�
HSFFT PG USVODBUJPO� *O TPNF DBTFT UIFSF JT OP GBMM BU BMM� লF EFHSFF PG USVODBUJPO
JT QSPOF UP CPUI JOUFS�TQFBLFS BOE JOUSB�TQFBLFS WBSJBUJPO� 'JHVSFT ঞ�চ BOE ঞ�ছ

জ লJT DPOUPVS JT BMTP VTFE GPS UBH RVFTUJPOT JO XIJDI UIF SJTF�GBMM JT MPDBUFE PO UIF UBH�

ট



ঞ লF JOUPOBUJPO PG RVFTUJPOT BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU

JMMVTUSBUF UXP JOTUBODFT PG RVFTUJPOT� *U JT FWJEFOU GSPN UIF ६HVSFT UIBU NPTU PG
UIF SJTF�GBMM USBKFDUPSZ UBLFT QMBDF PO UIF ६OBM TZMMBCMF PG UIF QISBTF 	IJHIMJHIUFE
JO HSFZ
�

'JHVSF ঞ�ছ� 3FQSFTFOUBUJWF XBWFGPSN BOE G DPOUPVS PG UIF EFDMBSBUJWF
RVFTUJPO �J[EEBS J[EEBS O J[N BɁ SBE [SJɁ� লFێ CPਛPNۜ UIF CPਛPN PG
UIF MJPO JT JU UIBU * XJMM HP ۏ 'JOBM TZMMBCMF IJHIMJHIUFE JO HSFZ�

ࡻ�ࡽ�ࡾ $POUSBTUJWF GPDVT JO 5BTIMIJZU

$POUSBTUJWF GPDVT DBO CF NPSQIPTZOUBDUJDBMMZ FYQSFTTFE VTJOH FJUIFS MFয EJTMPDB�
UJPO PS DMFযJOH� *O CPUI DBTFT UIF DPOUSBTUFE PS FNQIBTJTFE FMFNFOU BQQFBST JO
DMBVTF�JOJUJBM QPTJUJPO QSFDFEJOH UIF WFSC 	MFয EJTMPDBUJPO DG� চ
� *O DMFযFE DPO�
TUSVDUJPOT UIF DMBVTF�JOJUJBM DPOTUJUVFOU JT BEEJUJPOBMMZ NBSLFE NPSQIPMPHJDBMMZ
	DMFয DG� চচ
�

	চ
 EEJTL
SFDPSE

U�TɁB�U
জঽ�া�CPVHIU�JU

U�GSVͶ�U
ঽ�DIJME�হ৲ঽ�া

"ێ SFDPSE UIF HJSM CPVHIU JUۏ�

	চচ
 EEJTL
SFDPSE

BE
স

U�TɁB
জঽ�া�CPVHIU

U�GSVͶ�U
ঽ�DIJME�হ৲ঽ�া

U*ێ JT B SFDPSE UIBU UIF HJSM CPVHIUۏ�

%VF UP UIF GSFRVFOU VTF PG NPSQIPTZOUBDUJD DPOTUSVDUJPOT FYQSFTTJOH GPDVT
FYBNQMFT PG DPOUSBTUJWF GPDVT FYQSFTTFE CZ JOUPOBUJPO BSF POMZ TFMEPN GPVOE� *O
UIFTF DBTFT TQFBLFST VTF B SJTF�GBMM UP NBSL DPOUSBTUFE DPOTUJUVFOUT JO�TJUV BT
JMMVTUSBUFE JO 'JHVSF ঞ�জ� )FSF UIF TQFBLFS DPOUSBTUT �J[EEBS� ۏVOEFSOFBUIێ XJUI





ঞ�ঝ FTUJPOT BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU� RVBMJUBUJWF PCTFSWBUJPOT

�JHHJ� ۏBCPWFێ WJB SJTF�GBMMT BU UIF FOE PG UIF SFTQFDUJWF XPSET� লF SJTF JT PO UIF
६OBM TZMMBCMF PG FBDI QSFQPTJUJPO�

লJT UZQF PG DPOUSBTUJWF GPDVT DBO CF JTPMBUFE JO FMJDJUFE TQFFDI 	DG� 'JHVSF ঞ�ঝ
�
লF SJTF�GBMM JT MPDBUFE BU UIF SJHIU FEHF PG UIF GPDVTFE DPOTUJUVFOU� 4JNJMBS UP UIF
RVFTUJPO UVOF QJUDI TVEEFOMZ GBMMT BযFS SFBDIJOH UIF IJHI UBSHFU BOE TUBZT MPX
VOUJM UIF FOE PG UIF VਛFSBODF� লF FOUJSF NPWFNFOU JT PযFO SFTUSJDUFE UP POF
TZMMBCMF IFSF UIF ६OBM TZMMBCMF PG UIF XPSE 	IJHIMJHIUFE JO HSFZ
�

'JHVSF ঞ�জ� 3FQSFTFOUBUJWF XBWFGPSN BOE G DPOUPVS PG UIF TUBUFNFOU
DPOUBJOJOH DPOUSBTUFE DPOTUJUVFOUT �B J[N ɁJMB JMMB Ɂ J[EEBS O VɁKVM NBɃJ
JHHJ O VɁKVM� 6Iێ UIF MJPO OPX IF JT VOEFSOFBUI UIF EPOLFZ OPU BCPWF
UIF EPOLFZۏ� $POUSBTUFE XPSET IJHIMJHIUFE JO HSFZ�

'JHVSF ঞ�ঝ� 3FQSFTFOUBUJWF XBWFGPSNT BOE G DPOUPVST PG DPOUSBTUJWF
TUBUFNFOUT 	B
 �JOOB JNJOOVO� F(ێ TBJE ZPVSێ NPVUITۏ�ۏ BOE 	C
 �JOOB
JNJOOVO BCBEBO� F(ێ TBJE ZPVSێ NPVUITۏ BMXBZTۏ�� 'JOBM TZMMBCMFT PG
DPOUSBTUFE XPSET IJHIMJHIUFE JO HSFZ�

চ



ঞ লF JOUPOBUJPO PG RVFTUJPOT BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU

ࡼ�ࡽ�ࡾ *OUPOBUJPOBM EJFSFODFT CFUXFFO BHHJOHࡡ RVFTUJPOT BOE
NBSLJOH DPOUSBTUJWF GPDVT JO 5BTIMIJZU

লF JOUPOBUJPO PG RVFTUJPOT BOE DPOUSBTUJWF TUBUFNFOUT BSF RVBMJUBUJWFMZ TJNJMBS�
#PUI UVOFT BSF DIBSBDUFSJTFE CZ B MPDBM SJTF�GBMM JO QJUDI� লF TFOUFODF NPEBMJUJFT
EJ५FS IPXFWFS JO UIF QPTJUJPO PG UIF SJTF�GBMM XJUIJO UIF VਛFSBODF� *O DPOUSBTUJWF
TUBUFNFOUT UIF SJTF�GBMM DP�PDDVST XJUI UIF SJHIU FEHF PG UIF DPOUSBTUFE FMFNFOU�
*O RVFTUJPOT JU DP�PDDVST XJUI UIF SJHIU FEHF PG UIF QISBTF� "EEJUJPOBMMZ UIF
RVFTUJPO UVOF FYIJCJUT BVEJUPSZ RVBMJUJFT UIBU EJTUJOHVJTI JU GSPN UIF DPOUSBTUJWF
UVOF� $PNQBSJOH UIF G SBOHF JO RVFTUJPOT UP UIF POF JO TUBUFNFOUT JU CFDPNFT
BQQBSFOU UIBU RVFTUJPOT FYIJCJU B IJHIFS QJUDI SFHJTUFS J�F� PWFSBMM IJHIFS G WBM�
VFT BOE IJHIFS QJUDI FYDVSTJPO� *O GBDU TQFBLFST GSFRVFOUMZ DIBOHF QIPOBUJPO
UZQF UPXBSET UIF QJUDI QFBL QSPEVDJOH B GBMTFਛP�MJLF QIPOBUJPO� লJT JT BDPVTUJ�
DBMMZ NBOJGFTUFE CZ TUSJLJOHMZ IJHI G WBMVFT PG VQ UP  )[ BOE B TVEEFO TIJয
JOUP MPX WJCSBUJPOBM BNQMJUVEF 	-BWFS চঝ
� লF JOUPOBUJPO DPOUPVST PG EFDMBS�
BUJWF RVFTUJPOT BOE Z�O RVFTUJPOT SFTFNCMF FBDI PUIFS JO UFSNT PG CPUI UPOBM
QMBDFNFOU BOE G SBOHF�

8F OPX TFU PVU UP FWBMVBUF UIFTF RVBMJUBUJWF PCTFSWBUJPOT RVBOUJUBUJWFMZ JO
B DPOUSPMMFE SFBEJOH FYQFSJNFOU DPNQBSJOH RVFTUJPOT BOE DPSSFTQPOEJOH DPO�
USBTUJWF TUBUFNFOUT BT XFMM BT Z�O RVFTUJPOT BOE FDIP RVFTUJPOT�

ࡾ�ࡾ 1SPEVDUJPO TUVEZ

লF PCKFDUJWF PG UIF QSFTFOU TUVEZ JT UP JOWFTUJHBUF XIFUIFS UIF EJ५FSFODF CF�
UXFFO RVFTUJPOT BOE DPOUSBTUJWF TUBUFNFOUT JT SF७FDUFE JO HMPCBM BOE MPDBM TDBMJOH
EJ५FSFODFT BOE�PS JO UIF UJNJOH PG UIF SJTF�GBMM JO QJUDI� .PSFPWFS FDIP RVFTUJPOT
BSF DPNQBSFE UP Z�O RVFTUJPOT UP JOWFTUJHBUF UIF QPUFOUJBM EJ५FSFODFT CFUXFFO
RVFTUJPOT SFRVFTUJOH JOGPSNBUJPO BOE RVFTUJPOT SFRVFTUJOH DPO६SNBUJPO� *O UIF
GPMMPXJOH TFDUJPOT QSPEVDUJPO EBUB GSPN B SFBE TQFFDI DPSQVT JT BOBMZTFE� %BUB
IBT CFFO DPMMFDUFE PO B ६FME USJQ JO "HBEJS JO /PWFNCFS ছচজ�ঝ

ࡺ�ࡾ�ࡾ .FUIPE

ࡺ�ࡺ�ࡾ�ࡾ 1BSUJDJQBOUT

5FO OBUJWF TQFBLFST PG 5BTIMIJZU 	६WF NBMF ६WF GFNBMF NFBO BHF � ছছ 	ছ�ছ


XFSF SFDPSEFE� "MM MJWF JO "HBEJS .PSPDDP BOE BSF ७VFOU JO .PSPDDBO "SBCJD

ঝ 1BSUT PG UIF BOBMZTJT QSFTFOUFE JO UIJT TFDUJPO IBWF CFFO QVCMJTIFE JO 3PFਛHFS � (SJDF 	ছচঞ
�

ছ



ঞ�ঞ 1SPEVDUJPO TUVEZ

BOE IBWF CBTJD DPNNBOE PG 'SFODI� "MM PG UIFN IBE OPSNBM PS DPSSFDUFE�UP�
OPSNBM WJTJPO� /POF SFQPSUFE PO BOZ IFBSJOH JNQBJSNFOUT� 4VCKFDUT XFSF QBJE
GPS UIFJS QBSUJDJQBUJPO 	DG� "QQFOEJY "ছ�ছ GPS TQFBLFS JOGPSNBUJPO
�

ࡻ�ࡺ�ࡾ�ࡾ 4QFFࢉ NBUFSJBM

লF QSFTFOU QSPEVDUJPO EBUB JT QBSU PG B MBSHFS DPSQVT PG SFBE TQFFDI� লF SFBE
DPSQVT DPOTJTUFE PG TIPSU NPDL EJBMPHVFT DPOUBJOJOH UBSHFU XPSET JO GPVS EJ५FS�
FOU TFOUFODF NPEBMJUJFT 	Z�O RVFTUJPO OFHBUJPO DPOUSBTUJWF TUBUFNFOU BOE FDIP
RVFTUJPO
 CBTFE PO UIF TJNQMF TFOUFODF� JOOB সৈা় IFێ TBJE সৈা়ۏ� 4FOUFODFT
EJ५FSFE XJUI SFTQFDU UP UIF EJTUBODF PG UIF UBSHFU XPSE UP UIF SJHIU QISBTF FEHF
	QISBTF NFEJBM BOE QISBTF ६OBM
� &YBNQMFT 	চছB�E
 QSFTFOU UIF MBZPVU PG UIF EJB�
MPHVFT XJUI UIF UBSHFUT JO QISBTF�६OBM QPTJUJPO 	OP BEWFSC
�

	চছ
 B� JT JOOB CBCB 
JE%ێ IF TBZ ۏ ۏGBUIFSێ

C� VS JOOB CBCB�
F(ێ EJE OPU TBZ ۏ�ۏGBUIFSێ

D� JOOB EBSJ�
F(ێ TBJE JOێ NZ IPVTFۏ�ۏ

E� NBOJL JOOB EBSJ JSXBT�
PX )F(ێ TBJE JOێ NZ IPVTFۏ *U TFFNT MJLF JUۏ�

*O 	চছB
 UIF UBSHFU XPSE JT JO B Z�O RVFTUJPO� *O 	C
 UIF TBNF UBSHFU XPSE JT
JO B OFHBUJWF BTTFSUJPO� #FDBVTF PG UIF QSFDFEJOH OFHBUJPO B EJ५FSFOU UBSHFU
XPSE JT FYQMJDJUMZ DPSSFDUFE JO B DPOUSBTUJWF TUBUFNFOU JO 	D
� 'JOBMMZ JO 	E
 UIF
QSPQPTJUJPO JO UIF DPOUSBTUJWF TUBUFNFOU JT DBMMFE JOUP RVFTUJPO JO UIF DPVOUFS�
FYQFDUBUJPOBM FDIP RVFTUJPO� *O 	চজ
 BO FYBNQMF EJBMPHVF XJUI UIF UBSHFU XPSE
JO QISBTF�NFEJBM QPTJUJPO GPMMPXFE CZ BO BEWFSC JT HJWFO�ঞ

	চজ
 B� JT JOOB CBCB BCBEBO 
JE%ێ IF TBZ ۏGBUIFSێ UIFO ۏ

C� VS JOOB CBCB BCBEBO�
F(ێ EJE OPU TBZ ۏGBUIFSێ UIFOۏ�

ঞ লF BVUIPS JT BXBSF PG UIF NFUBMJOHVJTUJD OBUVSF PG UIFTF DPOUFYU TFOUFODFT� &YQMPSBUJPO PG
TFNJ�TQPOUBOFPVT BOE TQPOUBOFPVT TQFFDI IPXFWFS EPFT OPU JOEJDBUF BOZ QBਛFSOT EJWFSHJOH
GSPN UIF DPOUSPMMFE DPSQVT EFTDSJCFE BCPWF� 4JODF UBSHFU XPSET PG EJ५FSFOU QBSUT PG TQFFDI
XFSF DPNQBSFE B NPSFێ OBUVSBMۏ DPOUFYU TFOUFODF GPS UIF QSFTFOU RVFTUJPO XBT OPU BWBJMBCMF�

জ



ঞ লF JOUPOBUJPO PG RVFTUJPOT BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU

D� JOOB EBSJ BCBEBO�
F(ێ TBJE JOێ NZ IPVTFۏ UIFOۏ�

E� NBOJL JOOB EBSJ BCBEBO JSXBT�
PX )F(ێ TBJE JOێ NZ IPVTFۏ UIFO *U TFFNT MJLF JUۏ�

"T EFTDSJCFE BCPWF TQFBLFST BSF FYQFDUFE UP QSPEVDF B SJTF�GBMM BU UIF SJHIU
FEHF PG UIF QISBTF JO RVFTUJPOT 	PO UIF UBSHFU JO চছB BOE চছE BOE PO UIF BEWFSC JO
চজB BOE চজE
� *O TUBUFNFOUT TQFBLFST BSF FYQFDUFE UP QSPEVDF B SJTF�GBMM NBSLJOH
DPOUSBTUJWF GPDVT PO UIF UBSHFU XPSE 	QISBTF ६OBM JO চছD BOE QISBTF NFEJBM JO
চজD
� লJT NFBOT UIBU UIF MPDBUJPO PG UIF QJUDI QFBL JT BMXBZT FJUIFS PO UIF UBSHFU
XPSE PS PO UIF BEWFSC JO CPUI TFOUFODF NPEBMJUJFT� লF XPSE DP�PDDVSSJOH XJUI
UIF QJUDI QFBL JT IFODFGPSUI SFGFSSFE UP BT UIF UPOFێ CFBSJOH XPSEۏ� 1SPEVDUJPOT
PG UIF OFHBUJWF BTTFSUJPO JO 	চছC
 BOE 	চজC
 BSF OPU TVCKFDU UP UIF QSFTFOU BOBMZTJT�

লF DPSQVT DPOUBJOFE চঠ EJ५FSFOU UBSHFU XPSET� লFSF XFSF UFO GVMMZ WPJDFE
UBSHFU XPSET BOE FJHIU UBSHFU XPSET DPOUBJOJOH WPJDFMFTT TFHNFOUT POMZ� 'PS UIF
QSFTFOU BOBMZTJT POMZ GVMMZ WPJDFE UBSHFU XPSET BSF DPOTJEFSFE 	DG� 5BCMF ঞ�চ
� &BDI
UBSHFU XPSE BQQFBSFE JO FBDI DPOUFYU BU MFBTU PODF� 4FWFSBM JUFNT BQQFBSFE UXJDF�
লJT SFTVMUFE JO ঞঝ GVMMZ WPJDFE UBSHFU XPSET GPS FBDI QBSUJDJQBOU 	UPUBM ঞঝ
� লF
EBUB XJUI UBSHFU XPSET DPOUBJOJOH PCTUSVFOUT POMZ XJMM CF TVCKFDU UP EJTDVTTJPO
JO $IBQUFS ট�

5BCMF ঞ�চ� 5BSHFU XPSET BOE USBOTMBUJPOT PG QSPEVDUJPO TUVEZ�

8PSE 5SBOTMBUJPO

CB�CB NZێ GBUIFSۏ
EB�SJ JOێ NZ IPVTFۏ
EJ�NB ۏBMXBZTێ
JM�EJ IFێ QVMMTۏ

J�NJO�OVO ZPVSێ NPVUITۏ
NB�OB�HV ۏXIFOێ

ɁJ�MB ۏOPXێ
V�EN ۏGBDFێ

ࡼ�ࡺ�ࡾ�ࡾ 1SPDFEVSF

1BSUJDJQBOUT XFSF TFBUFE JO GSPOU PG B DPNQVUFS TDSFFO BOE SFBE PVU PSUIPHSBQIJ�
DBMMZ QSFTFOUFE NBUFSJBM DPOUBJOJOH UIF UBSHFU XPSET BT QSFTFOUFE JO DBSSJFS TFO�

ঝ



ঞ�ঞ 1SPEVDUJPO TUVEZ

UFODFT JO 	চছ
 UP 	চজ
 	J�F� JO NPDL EJBMPHVFT
� 1BSUJDJQBOUT XFSF BTLFE UP FOBDU
UIFTF EJBMPHVFT� লF NBUFSJBMT XFSF QSFTFOUFE JO B WFSTJPO PG UIF -BUJO TDSJQU
TQFBLFST BSF VTFE UP SFBEJOH BOE XSJUJOH JO 	TFF $IBQUFS জ
�

3FDPSEJOHT XFSF NBEF JO B RVJFU SPPN BU UIF *CO ;PIS 6OJWFSTJUZ JO "HBEJS�
লF QSPEVDUJPO EBUB XBT SFDPSEFE VTJOH B .BSBOU[ 1.% ট TPMJE�TUBUF SFDPSEFS
BU B TBNQMJOH SBUF PG ঝঝ�চ L)[ BOE BO ",( $ঝছ *** IFBE�NPVOUFE NJDSPQIPOF�
#FGPSF SFDPSEJOHT CFHBO QBSUJDJQBOUT XFSF BTLFE UP SFBE BMPVE B XPSE MJTU DPO�
UBJOJOH BMM PG UIF UBSHFU XPSET UP FOTVSF UIBU UIFZ XFSF GBNJMJBS XJUI UIF XPSET
BOE UIFJS NFBOJOHT� %JBMPHVFT XFSF QSFTFOUFE JO SBOEPN PSEFS�

ࡽ�ࡺ�ࡾ�ࡾ "OBMZTFT

"MM BDPVTUJD EBUBXBTNBOVBMMZ BOOPUBUFE FNQMPZJOH UIF GPMMPXJOH MBCFMMJOH DSJUF�
SJB� TFHNFOU CPVOEBSJFT 	BOE JO UVSO TZMMBCMF BOE XPSE CPVOEBSJFT
 XFSF JEFO�
UJ६FE JO UIF BDPVTUJD XBWFGPSN CZ NFBOT PG BO PTDJMMPHSBN BOE B XJEF�CBOE
TQFDUSPHSBN� "MM TFHNFOUBM CPVOEBSJFT PG WPXFMT BOE DPOTPOBOUT XFSF MBCFMMFE
BU BCSVQU DIBOHFT JO UIF TQFDUSB BU UIF UJNF BU XIJDI UIF DMPTVSF XBT GPSNFE PS
SFMFBTFE� UIJT XBT UIF DBTF GPS OBTBMT MBUFSBMT 	FTQFDJBMMZ JO UIF TQFDUSB GPS UIF
JOUFOTJUZ PG IJHIFS GPSNBOUT
 BOE PCTUSVFOUT 	BU SBOEPN OPJTF QBਛFSOT JO UIF
IJHIFS GSFRVFODZ SFHJPOT
� "MM BDPVTUJD JOGPSNBUJPO XBT BVUPNBUJDBMMZ FYUSBDUFE
WJB 1SBBU WFSTJPO ঞ�ঝ 	#PFSTNB � 8FFOJOL ছচঞ
�

' USBDLT GPS BMM VਛFSBODFT XFSF FYUSBDUFE NBOVBMMZ DPSSFDUFE BOE TNPPUIFE
VTJOH UIF 1SBBU TDSJQU ۏNBVTNPPUIێ 	$BOHFNJ ছচঞ
� লF TNPPUIJOH BMHPSJUIN
MFWFMMFE PVU TUSPOH NJDSPQSPTPEJD F५FDUT BOE FOBCMFE UIF JOTQFDUJPO PG VOJOUFS�
SVQUFE DPOUPVST� লF TNPPUIFE DPOUPVST XFSF VTFE GPS BVUPNBUJD FYUSBDUJPO PG
UIF G NFBO PG UIF XPSE �JOOB�� 4JODF �JOOB� JT FYQFDUFE UP FYIJCJU B SFMBUJWFMZ
७BU G PWFS UIF DPVSTF PG UIF XPSE JO UIF JOWFTUJHBUFE TFOUFODF NPEBMJUJFT 	DG�
'JHVSF ঞ�ঝ
 UIF NFBO G PG �JOOB� 	JO )[
 JT UBLFO BT B SFGFSFODF MFWFM UP PQFSB�
UJPOBMJTF QJUDIێ MFWFMۏ� "OZ UPOBM NPWFNFOU GPMMPXJOH �JOOB� DBO CF BTTFTTFE JO
SFMBUJPO UP UIJT SFGFSFODF MFWFM� "EEJUJPOBMMZ NJOJNVN BOE NBYJNVN G WBMVFT
PG UIF VਛFSBODF XFSF FYUSBDUFE� লF EJ५FSFODF CFUXFFONJOJNVN BOENBYJNVN
XBT DBMDVMBUFE JO TFNJUPOFT 	45
 UP PQFSBUJPOBMJTF QJUDIێ SBOHFۏ� 'JOBMMZ UIF UJN�
JOH PG UIF SJTF�GBMM XBT JOWFTUJHBUFE� %VF UP EJ८DVMUJFT JO SFMJBCMZ NFBTVSJOH MPX
UVSOJOH QPJOUT JU JT BCTUSBDUFE BXBZ GSPN UIF BDUVBM G USBKFDUPSZ BOE GPDVTFE
PO UIF IJHI UVSOJOH QPJOU GPS CPUI QSBHNBUJD GVODUJPOT� )FODFGPSUI UIF IJHI
UBSHFU JT SFGFSSFE UP BT UIF QJUDI QFBL� 1FBL UJNJOH XBT DBMDVMBUFE BT UIF UJNF
MBH CFUXFFO UIF BDPVTUJD POTFU PG UIF ६OBM TZMMBCMF XJUIJO UIF XPSE BOE UIF G
NBYJNVN JO TFDPOET 	DG� চঝB�D
�

ঞ



ঞ লF JOUPOBUJPO PG RVFTUJPOT BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU

	চঝ
 B� ীি ূ়ৌ়ূ� NFBO G PG UIF SFGFSFODF XPSE �JOOB��
C� ীি ৈসৄা়� EJ५FSFODF CFUXFFO NBYJNVN BOE NJOJNVN G WBMVFT

JO 45�
D� ঽ ৃসৎ ূসা� MBH CFUXFFO UIF POTFU PG UIF ६OBM TZMMBCMF PG UIF UPOF

CFBSJOH XPSE BOE UIF G NBYJNVN�

ࡾ�ࡺ�ࡾ�ࡾ 4UBUJTUJDT

4FOUFODFT QSPEVDFE XJUI IFTJUBUJPO PS VOOBUVSBM QISBTJOH QBਛFSOT NJTQSPOVO�
DJBUJPOT PG UIF TFHNFOUBM NBUFSJBM PS JOTUBODFT FYIJCJUJOH MJTU JOUPOBUJPO XFSF
FYDMVEFE GSPN UIF BOBMZTFT� .PSFPWFS NPTU FDIP RVFTUJPOT GSPN TQFBLFS 'ঞ
XFSF FYDMVEFE� 4IF QSPEVDFE FDIP RVFTUJPOT XJUI B NPOPUPOPVT DPOUPVS� /B�
UJWF TQFBLFST XIP EJE OPU QBSUJDJQBUF JO UIF FYQFSJNFOU KVEHFE UIFTF UP SFTFNCMF
CPSFE TUBUFNFOUT BOE UIVT JOBQQSPQSJBUF SFBMJTBUJPOT PG UIF JOUFOEFE DPOUFYU�

(FOFSBMMZ TQFBLFST EJE XFMM JO OBUVSBMMZ FOBDUJOH UIF EJBMPHVFT CVU UIFZ IBE
EJ८DVMUJFT XJUI SFBEJOH BMPVE� লJT SFTVMUFE JO BO VOVTVBMMZ MBSHF BNPVOU PG IFT�
JUBUJPOT BOE NJTQSPOVODJBUJPOT� 0WFSBMM BDPVTUJD QBSBNFUFST GPS ঝচ VਛFSBODFT
XFSF TVCNJਛFE UP TUBUJTUJDBM BOBMZTJT 	� �ঠ� EBUB MPTT
 BOE XFSF BOBMZTFE XJUI
HFOFSBMJTFE MJOFBS NJYFE NPEFMT VTJOH 3 	3 $PSF 5FBN ছচঞ
 UIF MNFঝ QBDL�
BHF 	#BUFT FU BM� ছচঞ
 BOE UIF NVMUDPNQ QBDLBHF 	)PUIPSO #SFU[ � 8FTUGBMM
ছঠ
� 'JYFE F५FDU TQFDJ६DBUJPO XJMM CF HJWFO JO UIF SFMFWBOU QBSBHSBQIT CFMPX�
" UFSN GPS WBSZJOH JOUFSDFQUT GPS TQFBLFST BOE GPS UBSHFU XPSET XBT JODMVEFE�
5FSNT GPS WBSZJOH TMPQFT XFSF OPU JODMVEFE TJODF UIF EBUB TFU JT SBUIFS TNBMM BOE
UIF GBDUPSJBM EFTJHO XBT OPU CBMBODFE 	BTZNNFUSJD FYDMVTJPO PG EBUB QPJOUT GSF�
RVFOUMZ MFBEJOH UP DPOWFSHJOH JTTVFT
� 4QFBLFS�TQFDJ६D UBCMFT XJMM CF QSPWJEFE
UP BMMPX GPS JOTQFDUJPO PG DPOTJTUFODZ BDSPTT TQFBLFST� 5P EFUFSNJOF Q�WBMVFT GPS
UIF NBJO F५FDUT � JOUFSBDUJPOT CFUXFFO GBDUPST B NPEFM JODMVEJOH UIF NBJO F५FDU
� JOUFSBDUJPO PG JOUFSFTU XBT DPNQBSFE UP UIF TBNF NPEFM XJUI OP NBJO F५FDU �
OP JOUFSBDUJPO WJB -JLFMJIPPE 3BUJP 5FTUT 	-35
�

ࡻ�ࡾ�ࡾ 3FTVMUT� QJUࢉ TDBMJOH

'JSTU XF XJMM EJTDVTT UIF TDBMJOH EJ५FSFODFT CFUXFFO TFOUFODF NPEBMJUJFT� (FO�
FSBMMZ RVFTUJPOT FYIJCJU B IJHIFS SFGFSFODF QJUDI MFWFM JO �JOOB� UIBO TUBUFNFOUT
	DG� 'JHVSF ঞ�ঞ 5BCMF ঞ�ছ
� লJT JT USVF GPS UIF DPNQBSJTPO CFUXFFO DPOUSBTUJWF
TUBUFNFOUT 	$4 চঠ )[
 BOE CPUI FDIP RVFTUJPOT 	&2 ছজঞ )[
 BOE Z�O RVFTUJPOT
	:�/ ছটঝ )[
�

লF EJ५FSFODF CFUXFFO TFOUFODF NPEBMJUJFT JT DPOTJTUFOU BDSPTT BMM TQFBLFST�
*OUFSFTUJOHMZ FDIP RVFTUJPOT SFWFBM BO JOUFSNFEJBUF TUBUVT J�F� UIFZ BSF DPOTJT�

ট



ঞ�ঞ 1SPEVDUJPO TUVEZ

'JHVSF ঞ�ঞ� 7JPMJO QMPUT PG UIF QJUDI MFWFM WBMVFT PG UIF SFGFSFODF XPSE
�JOOB� BT B GVODUJPO PG TFOUFODF NPEBMJUZ� *OTJEF FBDI QMPU UIF CMBDL
CPYFT JOEJDBUF UIF JOUFS�RVBSUJMF SBOHF 	*23
 UIF SBOHF CFUXFFO UIF
६STU BOE UIJSE RVBSUJMF� লF TPMJE IPSJ[POUBM MJOF JOEJDBUFT UIF NFEJBO�
লF XIJTLFST JOEJDBUF UIF SBOHF VQ UP চ�ঞ UJNFT UIF *23 BXBZ GSPN UIF
NFEJBO� লF PWFSBMM TIBQF PG UIF WJPMJO QMPUT SFQSFTFOU LFSOFM EFOTJUZ
DVSWFT PG UIF SBX EBUB EJTUSJCVUJPO�

5BCMF ঞ�ছ� .FBO QJUDI MFWFM 	BOE TUBOEBSE EFWJBUJPO JO )[
 PG UIF SFGFS�
FODF XPSE �JOOB� BT B GVODUJPO PG TFOUFODF NPEBMJUZ GPS FBDI TQFBLFS
JOEJWJEVBMMZ BWFSBHFE PWFS XPSET�

4QFBLFS $POUSBTUJWF 4UBUFNFOU Pࢉ& FTUJPOࢋ FTUJPOࢋ/�:

'চ ছঝঞ 	চ
 জজ 	চজ
 জচ 	ছ

'ছ ছঝচ 	চজ
 ছঠ 	ঝ
 জজট 	জঠ

'জ ছচ 	ঞ
 ছট 	চঝ
 জজ 	জ

'ঝ ছচচ 	
 ছঝ 	ছছ
 ছঠ 	ছঞ

'ঞ ছঞচ 	চট
 /" জচজ 	ছছ

.চ চছ 	ঝ
 চটচ 	ছ
 চটঠ 	চ

.ছ চছ 	চচ
 চঝ 	চছ
 ছছট 	চ

.জ চঞছ 	চচ
 ছঞঝ 	ছজ
 ছজ 	জঞ

.ঝ চটঝ 	চঝ
 ছজ 	চঝ
 ছজ 	চট

.ঞ  	ঞ
 চচ 	ঠ
 চচট	চজ


PWFSBMM ࣺࡺ 
ࡾࡾ	 ࡾࡼࡻ 
ࣺࡾ	 ࡽࡿࡻ 
ࡽࢎ	





ঞ লF JOUPOBUJPO PG RVFTUJPOT BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU

UFOUMZ IJHIFS UIBO TUBUFNFOUT BOE DPOTJTUFOUMZ MPXFS UIBO Z�O RVFTUJPOT� " MJO�
FBS NJYFE F५FDUT NPEFM XBT QFSGPSNFE JODMVEJOH TFOUFODF NPEBMJUZ BT B ६YFE
F५FDU� লFNPEFM FTUJNBUFE UIF NBJO F५FDU PG TFOUFODF NPEBMJUZ UP CF TJHOJ६DBOU
	Ͷছ	ছ
�ঝট Q��চ
� 1PTU�IPD 5VLFZ UFTUT SFWFBM UIBU UIF EJ५FSFODF JT JO GBDU
TJHOJ६DBOU BDSPTT BMM DPNQBSJTPOT 	TUBUFNFOU WT� FDIP RVFTUJPO� ͡�ঞঞ� 4&�ছ�
[�চ�চ Q��চ� TUBUFNFOU WT� Z�O RVFTUJPO� ͡�ঠছ�চ 4&�ছ�ঠ [�ছ� Q��চ�
FDIP RVFTUJPO WT� Z�O RVFTUJPO� ͡�ছট�ঝ 4&�ছ�ঠ [��ঞ Q��চ
�

8F OPX UVSO UP UIF QJUDI SBOHF NFBTVSFNFOUT J�F� UIF EJ५FSFODF CFUXFFO
NBYJNVN BOE NJOJNVN G WBMVFT XJUIJO UIF VਛFSBODF� 1JUDI SBOHF JT OVNFSJ�
DBMMZ SBUIFS MBSHF XJUI BO BWFSBHF PG  45T BDSPTT BMM TFOUFODF NPEBMJUJFT� *O GBDU
JO RVFTUJPOT TQFBLFST GSFRVFOUMZ DIBOHFE QIPOBUJPO UZQF UPXBSET UIF QJUDI QFBL
QSPEVDJOH B GBMTFਛP�MJLF QIPOBUJPO� লJT JT BDPVTUJDBMMZ NBOJGFTUFE CZ WFSZ IJHI
G WBMVFT PG VQ UP  )[ BOE TVEEFO TIJযT JOUP MPX WJCSBUJPOBM BNQMJUVEF�

0WFSBMM RVFTUJPOT FYIJCJU B HSFBUFS QJUDI SBOHF UIBO TUBUFNFOUT� লJT JT USVF
GPS UIF DPNQBSJTPO CFUXFFO TUBUFNFOUT 	ট�ঠ 45
 BOE CPUI FDIP RVFTUJPOT 	চ�
45
 BOE Z�O RVFTUJPOT 	�ঞ 45
 	DG� 'JHVSF ঞ�ট BOE 5BCMF ঞ�জ
�

'JHVSF ঞ�ট� 7JPMJO QMPUT PG UIF NFBO QJUDI SBOHF WBMVFT BT B GVODUJPO
PG TFOUFODF NPEBMJUZ� *OTJEF FBDI QMPU UIF CMBDL CPYFT JOEJDBUF UIF
JOUFS�RVBSUJMF SBOHF 	*23
 UIF SBOHF CFUXFFO UIF ६STU BOE UIJSE RVBS�
UJMF� লF TPMJE IPSJ[POUBM MJOF JOEJDBUFT UIF NFEJBO� লF XIJTLFST JO�
EJDBUF UIF SBOHF VQ UP চ�ঞ UJNFT UIF *23 BXBZ GSPN UIF NFEJBO� লF
PWFSBMM TIBQF PG UIF WJPMJO QMPUT SFQSFTFOU LFSOFM EFOTJUZ DVSWFT PG UIF
SBX EBUB EJTUSJCVUJPO�

ঠ



ঞ�ঞ 1SPEVDUJPO TUVEZ

5BCMF ঞ�জ� .FBO QJUDI SBOHF 	BOE TUBOEBSE EFWJBUJPOT JO 45
 BT B GVOD�
UJPO PG TFOUFODF NPEBMJUZ GPS FBDI TQFBLFS JOEJWJEVBMMZ BWFSBHFE PWFS
XPSET�

4QFBLFS $POUSBTUJWF 4UBUFNFOU FTUJPOࢋPࢉ& FTUJPOࢋ/�:

'চ ট�ট 	চ�
 ঠ�ঝ 	চ�ট
 �জ 	চ�ঞ

'ছ ঞ� 	চ�ট
 চজ�জ 	ছ�ট
 চজ�ছ 	ছ�ছ

'জ ট� 	ছ�
 ঠ�ছ 	ছ�জ
 চ�ঠ 	ছ�

'ঝ ঞ� 	চ�ছ
 চ 	ছ
 �ঠ 	চ�জ

'ঞ �চ 	জ�ঠ
 /" চ�ট 	ছ

.চ জ�চ 	চ�জ
 চঞ�ঞ 	ছ�ঞ
 �ট 	জ�চ

.ছ ট� 	চ�
 চচ�ট 	ছ�চ
  	ছ�ঠ

.জ �ঠ 	চ�ঞ
 চঝ�ট 	জ�ট
 চজ�জ 	জ�ট

.ঝ ট�ঞ 	জ
 ঠ 	ছ�জ
  	জ�ছ

.ঞ ঞ 	চ�ঝ
 ঞ 	চ�ঠ
 ঞ�ঠ 	চ�


PWFSBMM �ࡿ 
�ࡻ	 ࢎ�ࢍࡺ 
ࣺ�ࡼ	 ࡾ�ࣺ 
ࡽ�ࡼ	

'PS TPNF TQFBLFST UIF EJTUJODUJPO CFUXFFO TUBUFNFOUT BOE RVFTUJPOT JT WFSZ
DMFBS 	F�H� 'ছ BOE .চ
 XIJMF GPS PUIFS TQFBLFST UIF EJTUJODUJPO JT NPSF TVCUMF BOE
DIBSBDUFSJTFE CZ IFBWZ PWFSMBQ 	F�H� 'চ BOE .ঞ
� 8JUI SFHBSE UP UIF EJTUJODUJPO
CFUXFFO FDIP RVFTUJPOT BOE Z�O RVFTUJPOT UIFSF JT B MBSHF BNPVOU PG JOEJWJEVBM
WBSJBUJPO� 4PNF TQFBLFST FYIJCJU B HSFBUFS QJUDI SBOHF JO Z�O RVFTUJPOT 	F�H� 'জ
.ঝ .ঞ
 XIJMF PUIFST FYIJCJU B HSFBUFS QJUDI SBOHF JO FDIP RVFTUJPOT 	'চ 'ছ 'ঝ
.চ .ছ .জ
 	DG� 5BCMF ঞ�জ
�

" MJOFBS NJYFE F५FDUT NPEFM XBT QFSGPSNFE JODMVEJOH TFOUFODF NPEBMJUZ BT
B ६YFE F५FDU� লF NPEFM FTUJNBUFE UIF NBJO F५FDU PG TFOUFODF NPEBMJUZ UP CF
TJHOJ६DBOU 	Ͷছ	ছ
�চঝজ�চ Q��চ
� 1PTU�IPD 5VLFZ UFTUT SFWFBM UIBU UIF EJ५FS�
FODF JT JO GBDU TJHOJ६DBOU BDSPTT BMM DPNQBSJTPOT 	TUBUFNFOU WT� FDIP RVFTUJPO�
͡�ঝ�ছ 4&��জ [�চছ�ট Q��চ� TUBUFNFOU WT� Z�O RVFTUJPO� ͡�ছ�ট 4&��ট [�ঝ�ঞ
Q��চ� FDIP RVFTUJPO WT� Z�O RVFTUJPO� ͡�চ�ছ 4&��জ [�জ� Q��জ
� 4UBUJTUJ�
DBMMZ TQFBLJOH UIPTF TQFBLFST UIBU FYIJCJU B HSFBUFS QJUDI SBOHF JO FDIP RVFTUJPOT
TIPX B SBUIFS TUSPOH F५FDU 	F�H� TQFBLFS .চ
 XIJDI QPUFOUJBMMZ ESJWFT UIF PWFSBMM
NFBO EJ५FSFODFT� *O MJHIU PG UIFTF JOUFS�JOEJWJEVBM EJ५FSFODF BOE UIF GBDU UIBU
UIF TUBUJTUJDBM NPEFMT EJE OPU BDDPVOU GPS WBSZJOH TQFBLFS TMPQFT HFOFSBMJTBUJPOT
CBTFE PO UIF JOGFSFOUJBM SFTVMUT OFFE UP CF DPOTJEFSFE DSJUJDBMMZ IFSF�





ঞ লF JOUPOBUJPO PG RVFTUJPOT BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU

ࡼ�ࡾ�ࡾ 3FTVMUT� QJUࢉ QFBL UJNJOH

8F OPX UVSO UP UIF UJNJOH PG UIF QJUDI QFBL� 0O BWFSBHF QJUDI QFBLT PDDVSSFE
BSPVOE চচজ NT BযFS UIF POTFU PG UIF ६OBM TZMMBCMF PG UIF UPOF CFBSJOH XPSE 	VਛFS�
BODF ६OBM JO RVFTUJPOT BOE GPDVTFE DPOTUJUVFOU ६OBM JO DPOUSBTUJWF TUBUFNFOUT
�
)PXFWFS UIF QJUDI QFBL JT BMJHOFE MBUFS JO Z�O RVFTUJPOT 	চঝঝ NT
 BOE FDIP RVFT�
UJPOT 	চঞ NT
 UIBO JO TUBUFNFOUT JO XIJDI UIF QJUDI QFBL JT SFBDIFE PO BWFSBHF
DMPTF UP UIF TZMMBCMF CPVOEBSZ CFUXFFO UIF QFOVMU BOE UIF ६OBM TZMMBCMF 	ছ NT
�
" MJOFBS NJYFE F५FDUT NPEFM XBT QFSGPSNFE JODMVEJOH TFOUFODF NPEBMJUZ BT UIF
DSJUJDBM ६YFE F५FDU� "EEJUJPOBMMZ UIF QSFTFODF PG B DPEB DPOTPOBOU JO UIF ६OBM
TZMMBCMF XBT BEEFE JO BO JOUFSBDUJPO XJUI TFOUFODF NPEBMJUZ� লJT XBT EPOF CF�
DBVTF UIF QSFTFODF PG B WPJDFE DPEB DPOTPOBOU NJHIU FOBCMF UIF QJUDI QFBL UP
CF BMJHOFE MBUFS XIJMF TUJMM BMMPXJOH GPS UIF GVMM SFBMJTBUJPO PG UIF TVCTFRVFOU GBMM
	F�H� .¼DLF FU BM� ছ� /JFNBOO � .¼DLF ছচঞ
� )FSF UIF QSFTFODF PG B DPEB
DPOTPOBOU BDUVBMMZ DPOGPVOET XJUI UIF GBDUPS TFOUFODF NPEBMJUZ CFDBVTF UIFSF
BSF NPSF DBTFT PG UPOF CFBSJOH XPSET XJUI B DPEB DPOTPOBOU JO RVFTUJPOT UIBO
JO TUBUFNFOUT� 8IFSF UBSHFU XPSET XFSF QISBTF�NFEJBM UIF UPOBM FWFOU GPS RVFT�
UJPOT JT BMXBZT GPVOE PO UIF QISBTF�६OBM BEWFSC �BCBEBO��

লFSF JT OP BQQBSFOU JOUFSBDUJPO CFUXFFO UIF F५FDU PG TFOUFODF NPEBMJUZ BOE
UIF QSFTFODF PG B DPEB DPOTPOBOU 	Ͷছ	ছ
�ঞ�ঝ Q��টঝ
� লF NPEFM FTUJNBUFT
UIF NBJO F५FDU PG TFOUFODF NPEBMJUZ UP CF TJHOJ६DBOU 	Ͷছ	ছ
�চছ�ঝচ Q��চ
�
1PTU�IPD 5VLFZ UFTUT SFWFBM UIBU UIFSF JT B TJHOJ६DBOU EJ५FSFODF CFUXFFO TUBUF�
NFOUT BOE RVFTUJPOT CVU UIFSF JT OP TJHOJ६DBOU EJ५FSFODF CFUXFFO RVFTUJPO
UZQFT 	TUBUFNFOU WT� FDIP RVFTUJPO� ͡��চচ 4&��চ [�চ� Q��চ� TUBUFNFOU WT�
Z�O RVFTUJPO� ͡��চ 4&��চ [�চ�জ Q��চ� FDIP RVFTUJPO WT� Z�O RVFTUJPO�
͡��চ 4&��চ [�চ�চ Q��ঞ
�

*U DBO UIVT CF DPODMVEFE UIBU UIF QJUDI QFBL JO TUBUFNFOUT JT SFBDIFE FBSMJFS JO
UIF XPSE UIBO JO RVFTUJPOT� &DIP BOE Z�O RVFTUJPOT PO UIF PUIFS IBOE BQQFBS
UP IBWF B TJNJMBS EJTUSJCVUJPO PG QJUDI QFBL BMJHONFOU 	DG� 'JHVSF ঞ�
�

-PPLJOH BU UIF BDUVBM EJTUSJCVUJPOT PG UIF QFBL JO SFMBUJPO UP UIF POTFU PG UIF ६�
OBM TZMMBCMF JU CFDPNFT BQQBSFOU UIBU UIF BWFSBHFE WBMVFT BSF TPNFXIBU NJTMFBE�
JOH 	DG� 'JHVSF ঞ�
� 'JSTU UIF BMJHONFOU PG QJUDI QFBLT JO TUBUFNFOUT JT NPSF WBSJ�
BCMF UIBO JO RVFTUJPOT JOEJDBUFE CZ UIF XJEFS TQSFBE JO UIF EJTUSJCVUJPO� .PSF�
PWFS UIF EJTUSJCVUJPO GPS TUBUFNFOUT JT OPU VOJNPEBM CVU CJNPEBM BT JOEJDBUFE
CZ UIF PDDVSSFODF PG UXP QFBLT JO UIF EJTUSJCVUJPO� -PPLJOH BU RVFTUJPOT UIFSF
JT TPNF JOEJDBUJPO PG CJNPEBMJUZ IFSF UPP� লFSF JT B TNBMM CVNQ JO UIF EJTUSJ�
CVUJPO MFয PG UIF TZMMBCMF CPVOEBSZ 	NPSF QSPNJOFOU JO Z�O RVFTUJPOT
� লFTF
CJNPEBM EJTUSJCVUJPOT SF७FDU UIF BVEJUPSZ JNQSFTTJPOT PG PUIFS SFTFBSDIFST 	F�H�
%FMM � &MNFEMBPVJ চঠঞ 3JEPVBOF Q�D�
 BT XFMM BT UIF JNQSFTTJPO PG UIF BVUIPS�

ঠ



ঞ�ঞ 1SPEVDUJPO TUVEZ

"MUIPVHI UIF QJUDI QFBL JT NPTU PযFO MPDBUFE PO UIF ६OBM TZMMBCMF JU JT QPTTJCMF
GPS TQFBLFST UP QSPEVDF UIF QJUDI QFBL PO UIF QFOVMU BT XFMM� লF SFTVMUJOH UPOBM
QBਛFSOT HJWF SJTF UP EJTDSFUFMZ EJ५FSFOU BVEJUPSZ JNQSFTTJPOT SBUIFS UIBO UP UIF
JNQSFTTJPO PG B DPOUJOVPVTMZ WBSJBCMF QPTJUJPO PG UIF UPOBM FWFOU�

'JHVSF ঞ�� ,FSOFM EFOTJUZ DVSWFT GPS QJUDI QFBL NFBTVSFNFOUT SFMB�
UJWF UP UIF POTFU PG UIF ६OBM TZMMBCMF 	BU ६OBM�UP�G NBY � 
 GPS 	B

TUBUFNFOUT 	C
 FDIP RVFTUJPOT BOE 	D
 Z�O RVFTUJPOT� 1PTJUJWF WBMVFT
JOEJDBUF UIBU UIF QJUDI QFBL PDDVST JO UIF ६OBM TZMMBCMF OFHBUJWF WBM�
VFT JOEJDBUF UIBU UIF QJUDI QFBL PDDVST JO UIF QFOVMU� লF EBTIFE MJOF
NBSLT UIF POTFU PG UIF ६OBM TZMMBCMF�

5BCMF ঞ�ঝ JMMVTUSBUFT UIF IJHI EFHSFF PG JOUFS�TQFBLFS WBSJBCJMJUZ� (FOFSBMMZ
UIFSF JT B TUSPOH UFOEFODZ GPS JOEJWJEVBM TQFBLFST UP QSPEVDF UIF QJUDI QFBL PO
UIF ६OBM TZMMBCMF 	NPTU NFBO WBMVFT BSF QPTJUJWF
� লJT USFOE JT TUSPOHFS GPS RVFT�
UJPOT UIBO GPS TUBUFNFOUT� *O GBDU TPNF TQFBLFST QSFGFS QMBDJOH UIF QJUDI QFBL
PO UIF QFOVMU JO TUBUFNFOUT 	DG� OFHBUJWF WBMVFT JO .ছ .জ BOE .ঝ
� (FOFS�
BMMZ UIF QJUDI QFBL JO TUBUFNFOUT JT GPVOE PO UIF QFOVMU NPSF GSFRVFOUMZ UIBO JO
RVFTUJPOT�

ঠচ



ঞ লF JOUPOBUJPO PG RVFTUJPOT BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU

5BCMF ঞ�ঝ� "MJHONFOU PG NFBO ६OBM�UP�G NBY 	JO NT
 XJUI SFTQFDU UP
६OBM TZMMBCMF POTFU 	BOE TUBOEBSE EFWJBUJPOT
 BT B GVODUJPO PG TFOUFODF
NPEBMJUZ GPS FBDI TQFBLFS JOEJWJEVBMMZ BWFSBHFE PWFS XPSET�

4QFBLFS $POUSBTUJWF 4UBUFNFOU FTUJPOࢋPࢉ& FTUJPOࢋ/�:

'চ চ 	চছ
 চঞজ 	জজ
 চটছ 	জচ

'ছ জট 	চচচ
 চঞঝ 	জ
 চছঝ 	ঠ

'জ ঞজ 	চচঠ
 চঞ 	ঝঝ
 ছঠ 	ঝট

'ঝ জ 	চঞ
 চ 	ট
 চঝজ 	ট

'ঞ ছজ 	চঞ
 /" চঝ 	চচ

.চ টট 	ট
 চছট 	ঞঝ
 ঞ 	চজঝ

.ছ �জ 	চছঝ
 চঝ 	ছছ
 চঞঝ 	ছছ

.জ �জচ 	ঞঞ
 চঝ 	চ
 চঝট 	ঠছ

.ঝ �চ 	চট
 চ 	ট
 চট 	চ

.ঞ ছ 	চছচ
 চচচ 	চজজ
 চচ 	চ


PWFSBMM ࢍࡻ 
ࣺࡺࡺ	 ࣺࡾࡺ 
ࡾࢎ	 ࡽࡽࡺ 
ࣺ	

লJT EJTDSFUFMZ GPSNVMBUFE PCTFSWBUJPO JT BMTP SF७FDUFE JO NPSF HSBEVBM USFOET
JO QIPOFUJD BMJHONFOU� &WFO JG POMZ QJUDI QFBLT PO UIF ६OBM TZMMBCMF BSF DPO�
TJEFSFE 	G NBY MBH � 
 UIF EJ५FSFODF CFUXFFO TUBUFNFOUT BOE RVFTUJPOT IPMET
XJUI TUBUFNFOUT SFBDIJOH UIF QJUDI QFBL চছ NT BযFS UIF POTFU PG UIF ६OBM TZM�
MBCMF XIJMF FDIP RVFTUJPOT BOE Z�O RVFTUJPOT SFBDI UIF QJUDI QFBL MBUFS JO UIF
TZMMBCMF 	চটট BOE চট NT SFTQFDUJWFMZ
�

-PPLJOH BU XPSE�TQFDJ६D EJTUSJCVUJPOT JU CFDPNFT DMFBS UIBU UIFNPCJMJUZ PG UIF
UPOBM FWFOU BQQFBST UP CF EFQFOEFOU PO XPSE�TQFDJ६D QSPQFSUJFT� 'JHVSF ঞ�ঠ JMMVT�
USBUFT UIF EJTUSJCVUJPO PG QFBL BMJHONFOU GPS UISFF SFQSFTFOUBUJWF UBSHFU XPSET�
�J�NJO�OVO� �CB�CB� BOE �V�EN��

*O 'JHVSF ঞ�ঠB UIFSF JT B TVCUMF CJNPEBMJUZ CVU UIF NBKPSJUZ PG QFBLT BQQFBST UP
CF PO UIF ६OBM TZMMBCMF 	QPTJUJWF WBMVFT
� *O 'JHVSF ঞ�ঠC UIFSF JT TUJMM B TUSPOH CJBT
UPXBSET UIF ६OBM TZMMBCMF CVU BMTP B OPUJDFBCMF BNPVOU PG QFBLT PDDVSSJOH PO UIF
QFOVMU� *O 'JHVSF ঞ�ঠD UIF UBSHFU �V�EN� FYIJCJUT B TUSPOH CJNPEBMJUZ XJUI B DMFBS
CJBT UPXBSET QFBLT PO UIF QFOVMU� লFSF BQQFBST UP CF TPNFUIJOH TQFDJ६D BCPVU
UIF MFYJDBM JUFNT UIBU MFBET TQFBLFST UP CF NPSF MJLFMZ UP QSPEVDF QJUDI QFBLT PO
UIF QFOVMU PS UIF ६OBM TZMMBCMF�

ঠছ



ঞ�ঞ 1SPEVDUJPO TUVEZ

'JHVSF ঞ�ঠ� ,FSOFM EFOTJUZ DVSWF GPS QJUDI QFBL NFBTVSFNFOUT SFMBUJWF
UP UIF POTFU PG UIF ६OBM TZMMBCMF 	BU ६OBM TZMMBCMF POTFU UP G NBY � 

GPS 	B
 �JNJOOVO� ZPVSێ NPVUITۏ 	C
 �CBCB� ۏGBUIFSێ BOE 	D
 �VEN� �ۏGBDFێ
1PTJUJWF WBMVFT JOEJDBUF UIBU UIF QJUDI QFBL PDDVST JO UIF ६OBM TZMMBCMF
OFHBUJWF WBMVFT JOEJDBUF UIBU UIF QJUDI QFBL PDDVST JO UIF QFOVMU� 7BMVFT
BSF BWFSBHFE PWFS TVCKFDUT BOE TFOUFODF NPEBMJUJFT� লF EBTIFE MJOF
NBSLT UIF POTFU PG UIF ६OBM TZMMBCMF�

*O BEEJUJPO UP QPUFOUJBM MFYJDBM F५FDUT JO NBOZ DBTFT UPOBM BMJHONFOU BQQFBST
UP CF QSPOF UP TPNF EFHSFF PG GSFF BMUFSOBUJPO� 'JHVSF ঞ� JMMVTUSBUFT FYBNQMFT GPS
UIF QJUDI QFBL PO UIF ६OBM TZMMBCMF BOE UIF QFOVMU SFTQFDUJWFMZ� *O 'JHVSF ঞ�B
UIF QFOVMU PG �JM�EJ� JT MPX CFGPSF G TVEEFOMZ SJTFT UPXBSET UIF QFBL PO UIF ६OBM
TZMMBCMF� *O 'JHVSF ঞ�C G TVEEFOMZ ESPQT BযFS SFBDIJOH JUT IJHI UBSHFU PO UIF
QFOVMU MFBWJOH UIF ६OBM TZMMBCMF MPX� *O NPTU DBTFT UIF SJTF�GBMM BQQFBST UP CF
MPDBUFE FYDMVTJWFMZ PO POF TZMMBCMF�

ࡽ�ࡾ�ࡾ %JTDVTTJPO

5P SFDBQJUVMBUF UIF QSPEVDUJPO SFTVMUT RVFTUJPOT JO 5BTIMIJZU BSF EJTUJOHVJTIFE
GSPN DPSSFTQPOEJOH DPOUSBTUJWF TUBUFNFOUT CZ BMM UISFF JOWFTUJHBUFE QBSBNFUFST�
DPNQBSFE UP TUBUFNFOUT RVFTUJPOT IBWF BO PWFSBMM IJHIFS QJUDI MFWFM B HSFBUFS
QJUDI SBOHF BOE UIF QJUDI QFBL JT SFBMJTFE MBUFS XJUIJO UIF XPSE� লF BMJHONFOU
QBਛFSO DBO CF EFTDSJCFE JO CPUI EJTDSFUF BT XFMM BT DPOUJOVPVT UFSNT� *O RVFT�
UJPOT UIF QJUDI QFBL JT BMJHOFE NPSF PযFO XJUI UIF ६OBM TZMMBCMF UIBO JO TUBUF�
NFOUT� 4UBUFNFOUT IBWFNBOZNPSF JOTUBODFT PG QJUDI QFBLT BMJHOFE UP UIF QFOVMU

ঠজ



ঞ লF JOUPOBUJPO PG RVFTUJPOT BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU

'JHVSF ঞ�� 3FQSFTFOUBUJWF XBWFGPSNT BOE G DPOUPVST PG UIF DPO�
USBTUJWF TUBUFNFOU �JOOB JMEJ BCBEBO� JE%ێ IF TBZ IFێ QVMMTۏ BMXBZT ۏ
XJUI UIF QJUDI QFBL 	B
 PO UIF ६OBM TZMMBCMF BOE 	C
 PO UIF QFOVMU� 4ZM�
MBCMFT DP�PDDVSSJOH XJUI UIF QJUDI QFBL BSF IJHIMJHIUFE JO HSFZ� #PUI
QSPEVDUJPOT BSF GSPN UIF TBNF TQFBLFS�

UIBO RVFTUJPOT� *O DPOUJOVPVT UFSNT FWFO JG POMZ QJUDI QFBLT PO UIF ६OBM TZMMBCMF
BSF DPOTJEFSFE RVFTUJPOT IBWF MBUFS QFBLT UIBO DPSSFTQPOEJOH TUBUFNFOUT�

*O BEEJUJPO UP UIF EJTUJODUJPO CFUXFFO TUBUFNFOUT BOE RVFTUJPOT FDIP RVFT�
UJPOT BSF EJTUJOHVJTIFE GSPN Z�O RVFTUJPOT� লJT EJTUJODUJPO JT NBJOMZ NBOJGFTUFE
JO QJUDI MFWFM XJUI FDIP RVFTUJPOT CFJOH MPXFS JO QJUDI UIBO Z�O RVFTUJPOT� &W�
JEFODF GPS FDIP RVFTUJPOT IBWJOH B HSFBUFS QJUDI SBOHF JT XFBL BU CFTU BOE UIF
UXP RVFTUJPO UZQFT FYIJCJU DPNQBSBCMF BMJHONFOU QBਛFSOT PG UIF QJUDI QFBL�

(FOFSBMMZ UIFSF JT B IJHI EFHSFF PG WBSJBCJMJUZ CPUI BDSPTT BOE XJUIJO TQFBLFST
XJUI SFHBSE UP UIF QPTJUJPO PG UIF QJUDI QFBL� 8IJMF TPNF WBSJBCJMJUZ DBO CF FY�
QMBJOFE CZ GVODUJPOBM GBDUPST MJLF TFOUFODF NPEBMJUZ UIFSF SFNBJOT B TVCTUBOUJBM
BNPVOU PG VOFYQMBJOFE WBSJBODF� " SFDFOU TUVEZ CZ (SJDF 3JEPVBOF � 3PFਛHFS
	ছচঞ
 TIFE NPSF MJHIU PO UIF GBDUPST UIBU EFUFSNJOF UPOBM QMBDFNFOU JO 5BTIMIJZU�
লFJS SFTVMUT XJMM CF SFWJFXFE IFSF CSJF७Z�

(SJDF FU BM� SFDPSEFE 5BTIMIJZU TQFBLFST MJWJOH JO 1BSJT� 'PVS OBUJWF TQFBLFST PG
5BTIMIJZU PSJHJOBMMZ GSPN .PSPDDP CVU QFSNBOFOUMZ MJWJOH JO 1BSJT QBSUJDJQBUFE
JO UIF FYQFSJNFOU� &WFO UIPVHI UIF TQFBLFST EJE OPU MJWF JO .PSPDDP BOZNPSF
UIFZ XFSF GSFRVFOUMZ JO DPOUBDU XJUI GSJFOET BOE GBNJMZ UIFSF� "DDPSEJOH UP UIF
BVUIPSۏT JNQSFTTJPO 	BOE BDDPSEJOH UP 3BDIJE 3JEPVBOF Q�D�
 UIFJS JOUPOBUJPOBM
QBਛFSOT EJE OPU EJWFSHF GSPN UIPTF TQFBLFST SFDPSEFE JO "HBEJS�

4QFBLFST SFBE PVU TIPSU NPDL EJBMPHVFT 	চঞ�চ
 TJNJMBS UP UIF DPSQVT EFTDSJCFE
JO UIF QSPEVDUJPO TUVEZ BCPWF 	gঞ�ঝ�চ
� 5XFOUZ�FJHIU QBJST PG EJTZMMBCJD UBSHFU
XPSET XFSF SFDPSEFE� 5BSHFU XPSET WBSJFE JO UIF TPOPSJUZ PG UIF TZMMBCMF OVDMFVT
BOE JO UIF XFJHIU PG UIF ६OBM TZMMBCMF�
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ঞ�ঞ 1SPEVDUJPO TUVEZ

	চঞ
 JT JOOB UVHM 
JE%ێ IF TBZ TIFێ IVOHۏ ۏ

	চট
 VS JOOB UVHM�
F(ێ EJE OPU TBZ TIFێ IVOHۏ�ۏ

	চ
 JOOB UNEM�
F(ێ TBJE TIFێ CVSJFEۏ�ۏ

*O MJOF XJUI UIF ६OEJOHT QSFTFOUFE BCPWF (SJDF FU BM� PCTFSWFE UIBU UIF QISBTF�
६OBM XPSE CFBST B QJUDI QFBL JO CPUI Z�O RVFTUJPOT BOE DPOUSBTUJWF TUBUFNFOUT�
লFZ EFTDSJCFE UIF EJTUSJCVUJPO PG UIF QJUDI QFBL BT B CJNPEBM QBਛFSO XJUI UIF
QJUDI QFBL CFJOH BMJHOFE FJUIFS XJUI UIF QFOVMU PS XJUI UIF ६OBM TZMMBCMF PG UIF UBS�
HFU XPSE� লJT EJTDSFUF QBਛFSO DPJODJEFE XJUI UIF BVEJUPSZ JNQSFTTJPO PG QSPNJ�
OFODF J�F� UIF TZMMBCMF PO XIJDI UIF QFBL PDDVSSFE TPVOEFE MPVEFS BOE MPOHFS
UP UIF BVUIPST� লFZ FYQMJDJUMZ TUBUF UIBU UIF QPTJUJPO PG UIF QJUDI QFBL XBT VO�
BNCJHVPVTMZ JEFOUJ६BCMF XIFO MJTUFOJOH UP UIF VਛFSBODFT� *O UIF GPMMPXJOH XF
XJMM GPDVT PO UIF EJTDSFUF QMBDFNFOU QBਛFSOT PG UIF QJUDI QFBL SFQPSUFE CZ (SJDF
3JEPVBOF � 3PFਛHFS 	ছচঞ
�

*O UBSHFU XPSET XJUI POMZ POF TPOPSBOU OVDMFVT 	J�F� B TPOPSBOU DPOTPOBOU
F�H� �S� JO �US�˩L[˩ UC�˩ES�˩ TIFێ EBODFE TIF NFOUJPOFEۏ
 UIF QJUDI QFBL XBT BMNPTU
FYDMVTJWFMZ MPDBUFE PO UIBU TZMMBCMF� 8IFO CPUI TZMMBCMFT IBE B TPOPSBOU OVDMFVT
	J�F� B TPOPSBOU DPOTPOBOU PS WPXFM F�H� �UJSJ UN˩�EM�˩ TIFێ XBOUFE TIF CVSJFEۏ

UIFSF XBT OP DMFBS QSFGFSFODF GPS B QFBL PO UIF QFOVMU PS ६OBM TZMMBCMF� )FSF
UIF QMBDFNFOU PG UIF QFBL GPS CPUI TUBUFNFOUT BOE RVFTUJPOT XBT IJHIMZ DPN�
QMFY BOE TVCKFDU UP UIF JO७VFODF PG B OVNCFS PG JOUFSBDUJOH GBDUPST� $PNQBSFE
UP TUBUFNFOUT UIFZ GPVOE B QSFGFSFODF GPS QJUDI QFBLT PO UIF ६OBM TZMMBCMF JO
RVFTUJPOT� 0SUIPHPOBM UP UIBU UIFZ JEFOUJ६FE UXP JOEFQFOEFOU GBDUPST SFMFWBOU
GPS EFUFSNJOJOH UIF MPDBUJPO PG UIF QJUDI QFBL�

'JSTU UIF QJUDI QFBL XBT NPSF MJLFMZ UP DP�PDDVS XJUI NPSF TPOPSPVT TZMMB�
CMF OVDMFJ UIBO XJUI MFTT TPOPSPVT TZMMBCMF OVDMFJ� 'PS FYBNQMF JO B XPSE MJLF
�UV�HM�˩ TIFێ IVOHۏ UIF WPXFM XIJDI IBT B IJHIFS TPOPSJUZ UIBO UIF MJRVJE XBT
NPSF MJLFMZ UP BਛSBDU UIF QJUDI QFBL UP UIF QFOVMUJNBUF TZMMBCMF� $POWFSTFMZ JO
B XPSE MJLF �UO˩�[B� JUێ XBT TPMWFEۏ UIF ६OBM TZMMBCMF XBT NPSF MJLFMZ UP BਛSBDU
UIF QJUDI QFBL� লF TPOPSJUZ BTZNNFUSZ XBT OPU POMZ SFMFWBOU GPS UIF EJTUJOD�
UJPO CFUXFFO WPXFMT BOE TPOPSBOU DPOTPOBOUT CVU GPS UIF EJTUJODUJPO CFUXFFO
DPOTPOBOUT XJUI EJ५FSJOH EFHSFFT PG TPOPSJUZ F�H� B MJRVJE XBT QSFGFSSFE PWFS
B OBTBM 	F�H� �UN˩�EM�˩ TIFێ CVSJFEۏ WT� �US�˩LN˩� TIFێ SPਛFEۏ
� 0WFSBMM UIF F५FDU PG
TPOPSJUZ XBT TUSPOHFS GPS WPXFMT UIBO GPS TPOPSBOU DPOTPOBOUT J�F� WPXFMT XFSF
TUSPOHFS BਛSBDUPST GPS UIF QJUDI QFBL UIBO DPOTPOBOUT�

ঠঞ



ঞ লF JOUPOBUJPO PG RVFTUJPOT BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU

4FDPOE UIF QJUDI QFBL XBT NPSF MJLFMZ UP DP�PDDVS XJUI IFBWZ TZMMBCMFT UIBO
XJUI MJHIU TZMMBCMFT� *O �UV�HMU�˩ UIF QJUDI QFBL XBT NPSF MJLFMZ UP DP�PDDVS XJUI
UIF ६OBM TZMMBCMF UIBO JO �UV�HM�˩�

লF XFJHIUJOH BOE JOUFSBDUJPO PG UIFTF GBDUPST XBT UP TPNF EFHSFF TQFBLFS�
TQFDJ६D BMUIPVHI UIFZ HFOFSBMMZ BQQFBSFE UP CF BEEJUJWF BOE TZTUFNBUJD UISPVHI�
PVU UIF TBNQMF 	DG� 5BCMFT ঞ�ঞۉঞ�
� লFSF XBT B HFOFSBM QSFGFSFODF GPS UIF QJUDI
QFBL UP PDDVS PO UIF ६OBM TZMMBCMF JOEJDBUFE CZ UIF IJHI PWFSBMM QSPQPSUJPOBM WBM�
VFT� FTUJPOT XFSF HFOFSBMMZ NPSF MJLFMZ UIBO TUBUFNFOUT UP CF QSPEVDFE XJUI
B ६OBM QJUDI QFBL SFTVMUJOH JO DFJMJOH F५FDUT GPS TFWFSBM DFMMT� )FBWZ TZMMBCMFT
TZTUFNBUJDBMMZ BਛSBDUFE B ६OBM QJUDI QFBL NPSF PযFO UIBO DPSSFTQPOEJOH MJHIU
TZMMBCMFT BOE NPSF TPOPSPVT OVDMFJ BਛSBDUFE B QJUDI QFBL NPSF PযFO UIBO MFTT
TPOPSPVT OVDMFJ�

লF BCPWF�JEFOUJ६FE GBDUPST EP OPU FYQMBJO IPXFWFS UIF FOUJSF WBSJBODF� *O
NBOZ DBTFT UPOBM QMBDFNFOU XBT QSPOF UP TPNF EFHSFF PG GSFF BMUFSOBUJPO� লFSF
XFSF OVNFSPVT DBTFT XIFSF UIF TBNF TQFBLFS QSPEVDFE QJUDI QFBLT JO EJ५FSFOU
MPDBUJPOT XJUIJO UIF TBNF UBSHFU XPSE BDSPTT EJ५FSFOU SFQFUJUJPOT� 'JHVSF ঞ�চ
JMMVTUSBUFT B NJOJNBM RVBESVQMFU XJUI TUBUFNFOUT BOE Z�O RVFTUJPOT�

5BCMF ঞ�ঞ� 3FTVMUT PG (SJDF 3JEPVBOF � 3PFਛHFS 	ছচঞ� ছঞG�
� NFBO QSP�
QPSUJPO 	JO �
 PG QJUDI QFBL MPDBUJPO PO UIF ६OBM TZMMBCMF JO XPSET DPO�
UBJOJOH WPXFMT JO DPOUSBTUJWF TUBUFNFOUT GPS FBDI TQFBLFS TFQBSBUFMZ�
3FTVMUT BSF PSEFSFE BDDPSEJOH UP UIF TZMMBCMF OVDMFJ PG UIF QFOVMU BOE
६OBM TZMMBCMF 	7 � WPXFM 4 � TPOPSBOU DPOTPOBOU
 BOE TZMMBCMF XFJHIU
PG UIF ६OBM TZMMBCMF 	MJHIU PS IFBWZ


$POUSBTUJWF 4UBUFNFOUT
8PSET $POUBJOJOH 7PXFMT


'চ 'ছ .চ .ছ 0WFSBMM

7�4 ঞঠ�জ  টট� ঞ ঞচ�চ
7�7 ঞ  চ চ ঝ�ঠ
4�7 চ ঠচ�ঠ চ চ ঞ�ঠ

MJHIU টচ�চ ছ�ঝ  ঞঞ�ট ঞট�
IFBWZ ঝ�ঝ ছজ�ঞ চ ঞ জ�
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5BCMF ঞ�ট� 3FTVMUT PG (SJDF 3JEPVBOF � 3PFਛHFS 	ছচঞ� ছঞG�
� NFBO
QSPQPSUJPO 	JO �
 PG QJUDI QFBL MPDBUJPO PO UIF ६OBM TZMMBCMF JO XPSET
DPOUBJOJOH DPOTPOBOUT POMZ JO DPOUSBTUJWF TUBUFNFOUT GPS FBDI TQFBLFS
TFQBSBUFMZ� 3FTVMUT BSF PSEFSFE BDDPSEJOH UP UIF TZMMBCMF OVDMFJ PG UIF
QFOVMU BOE ६OBM TZMMBCMF 	- � -JRVJE / � /BTBM
 BOE TZMMBCMF XFJHIU PG
UIF ६OBM TZMMBCMF 	MJHIU PS IFBWZ
�

$POUSBTUJWF 4UBUFNFOUT
	8PSET $POUBJOJOH OP 7PXFMT


'চ 'ছ .চ .ছ 0WFSBMM

-�/ ঝচ�  ঞঠ�জ ঞ জ�ঞ
/�/ � -�- টট�  ঞ চ টচ�

/�- চ ঝচ� চ চ ঠঝ�ঠ

MJHIU ঞঞ�ট ঞ� টঝ� ঠজ�জ ঞছ�
IFBWZ ঠছ�ঝ ছছ�ছ ঠঠ� ঠজ�জ ট

5BCMF ঞ�� 3FTVMUT PG (SJDF 3JEPVBOF � 3PFਛHFS 	ছচঞ� ছঞG�
� NFBO
QSPQPSUJPO 	JO �
 PG QJUDI QFBL MPDBUJPO PO UIF ६OBM TZMMBCMF JO XPSET
DPOUBJOJOH WPXFMT JO Z�O RVFTUJPOT GPS FBDI TQFBLFS TFQBSBUFMZ� 3FTVMUT
BSF PSEFSFE BDDPSEJOH UP UIF TZMMBCMF OVDMFJ PG UIF QFOVMU BOE ६OBM TZM�
MBCMF 	7 � WPXFM 4 � TPOPSBOU DPOTPOBOU
 BOE TZMMBCMF XFJHIU PG UIF
६OBM TZMMBCMF 	MJHIU PS IFBWZ
�

FTUJPOTࢋ/�:
	8PSET $POUBJOJOH 7PXFMT


'চ 'ছ .চ .ছ 0WFSBMM

7�4 ট� টজ�ট ঞ চ� �ঠ
7�7 চ চ চ চ চ
4�7 চ চ চ চ চ

MJHIU ঠঝ�ছ ট�ঞ টট� ঝ�ঝ ঠ�ট
IFBWZ চ চ চ চ চ

ঠ



ঞ লF JOUPOBUJPO PG RVFTUJPOT BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU

5BCMF ঞ�ঠ� 3FTVMUT PG (SJDF 3JEPVBOF � 3PFਛHFS 	ছচঞ� ছঞG�
� NFBO QSP�
QPSUJPO 	JO �
 PG QJUDI QFBL MPDBUJPO PO UIF ६OBM TZMMBCMF JO XPSET DPO�
UBJOJOH DPOTPOBOUT POMZ JO Z�O RVFTUJPOT GPS FBDI TQFBLFS TFQBSBUFMZ�
3FTVMUT BSF PSEFSFE BDDPSEJOH UP UIF TZMMBCMF OVDMFJ PG UIF QFOVMU BOE
६OBM TZMMBCMF 	- � -JRVJE / � /BTBM
 BOE TZMMBCMF XFJHIU PG UIF ६OBM
TZMMBCMF 	MJHIU PS IFBWZ
�

FTUJPOTࢋ/�:
	8PSET $POUBJOJOH OP 7PXFMT


'চ 'ছ .চ .ছ 0WFSBMM

-�/ ছ� ঝঞ�ঞ ঞ ঞ ট�ঝ
/�/ � -�- ঠজ�জ ঠজ�জ ঠজ�জ চ� ঠঞ�ঝ

/�- চ চ চ চ চ

MJHIU ছ�ছ টচ�চ ছ�ছ �ঠ �ঠ
IFBWZ চ ঝ�চ চ চ ঠ�ট

'JHVSF ঞ�চ� 3FQSFTFOUBUJWF XBWFGPSNT BOE G DPOUPVST PG UXP SFBMJTB�
UJPOT PG UIF DPOUSBTUJWF TUBUFNFOU �JOOB UOEN� IFێ TBJE TIFێ SFHSFਛFEۏۏ
	BD
 BOE UIF Z�O RVFTUJPO �JT JOOB UOEN� EJEێ IF TBZ TIFێ SFHSFਛFEۏ ۏ
	CE
� UIF UXP EJ५FSFOU SFBMJTBUJPOT GPS FBDI TFOUFODF NPEBMJUZ JMMVT�
USBUF WBSJBUJPO JO QJUDI QFBL QMBDFNFOU� "MM VਛFSBODFT BSF GSPN UIF
TBNF NBMF TQFBLFS� 5POF CFBSJOH TZMMBCMF JT IJHIMJHIUFE JO HSFZ�

ঠঠ



ঞ�ট 1FSDFQUJPO TUVEZ

(SJDF FU BMۏ�T ६OEJOHT QVU UIF SFTVMUT PG UIF QSPEVDUJPO TUVEZ QSFTFOUFE JO UIJT
DIBQUFS JOUP QFSTQFDUJWF� "T PQQPTFE UP (SJDF FU BM� UIFSF XBT BO FWFO TUSPOHFS
QSFGFSFODF GPS ६OBM QJUDI QFBLT JO UIF QSFTFOU EBUB TFU� লJT NJHIU CF EVF UP UIF
OBUVSF PG TUJNVMJ FNQMPZFE J�F� NPTU XPSET IBE B MJHIU ६OBM TZMMBCMF XJUI B WPXFM
JO TZMMBCMF OVDMFVT QPTJUJPO� *O MJOF XJUI (SJDF FU BM� UIFTF TUSVDUVSFT HFOFSBMMZ
BਛSBDU UIF QJUDI QFBL UP UIF ६OBM TZMMBCMF� "DSPTT TFOUFODF NPEBMJUJFT UIF XPSE
�V�EN˩� ۏGBDFێ FYIJCJUT BO FYDFQUJPOBMMZ MBSHF OVNCFS PG QJUDI QFBLT PO UIF QFOVMU
	PWFSBMM টঝ� PG BMM DBTFT BDSPTT TFOUFODF NPEBMJUJFT
� লJT NBZ CF B SF७FY PG UIF
TPOPSJUZ BTZNNFUSZ JO VEN� লF WPXFM JO UIF QFOVMU JT NPSF TPOPSPVT UIBO UIF
OBTBM JO UIF ६OBM TZMMBCMF BOE BਛSBDUT UIF QJUDI QFBL UP UIF QFOVMU TZMMBCMF� লF
XPSE �J�NJO�OVO� ZPVSێ NPVUITۏ JOTUFBE FYIJCJUT NBJOMZ ६OBM QJUDI QFBLT� লJT JT
QPTTJCMZ B SF७FY PG UIF ६OBM TZMMBCMF CFJOH IFBWZ� 4P FWFO UIPVHI(SJDF 3JEPVBOF
� 3PFਛHFS 	ছচঞ
 BOE UIF QSFTFOU QSPEVDUJPO TUVEZ IBE EJ५FSFOU TQFBLFS TBNQMFT
BOE EJ५FSFOU TQFFDI NBUFSJBMT DPNQBSBCMF UPOBM QMBDFNFOU SFHVMBSJUJFT DBO CF
PCTFSWFE�

5P TVNVQ 5BTIMIJZU FYIJCJUT B SFNBSLBCMF BNPVOU PG WBSJBCJMJUZ JO UPOBM QMBDF�
NFOU� )PXFWFS UIJT WBSJBCJMJUZ IBT B QBSUJDVMBS TUSVDUVSF J�F� JU JT CJNPEBM� লF
PDDVSSFODF PG B QBSUJDVMBS UPOBM FWFOU DBO POMZ CF TUBUFE BT B QSPCBCJMJTUJD EJT�
USJCVUJPO B५FDUFE CZ NVMUJQMF JOUFSBDUJOH GBDUPST� লF RVFTUJPO BSJTFT JG BOE JG
TP IPX UIFTF QSPCBCJMJTUJD QBਛFSOT BSF VTFE UP EJTUJOHVJTI TFOUFODF NPEBMJUJFT
QFSDFQUVBMMZ�

ࡿ�ࡾ 1FSDFQUJPO TUVEZ

*O UIF QSFDFEJOH TFDUJPO JU IBT CFFO TIPXO UIBU TUBUFNFOUT BOE RVFTUJPOT EJ५FS
JO UFSNT PG QJUDI SFHJTUFS BDDPSEJOH UP QJUDI MFWFM BOE QJUDI SBOHF� .PSFPWFS TFO�
UFODF NPEBMJUJFT EJ५FS XJUI SFTQFDU UP UIF UJNJOH PG UIF UPOBM FWFOU JOWPMWFE� লF
UJNJOH PG UIF QJUDI QFBL DPNNPO UP CPUI TUBUFNFOUT BOE RVFTUJPOT TIPXFE WBSJ�
BUJPO JO CPUI EJTDSFUF BOE DPOUJOVPVT UFSNT� লF QJUDI QFBL DP�PDDVSSFE FJUIFS
XJUI UIF QFOVMU PS XJUI UIF ६OBM TZMMBCMF PG UIF UPOF CFBSJOH XPSE XJUI NPSF
JOTUBODFT PG UIF QJUDI QFBL PO UIF ६OBM TZMMBCMF JO RVFTUJPOT� .PSFPWFS FWFO
JG POMZ QJUDI QFBLT BMJHOFE XJUI UIF ६OBM TZMMBCMF BSF DPOTJEFSFE RVFTUJPOT TUJMM
FYIJCJUFE B MBUFS QFBL BMJHONFOU XJUIJO UIF TZMMBCMF� লF GPMMPXJOH QFSDFQUJPO
TUVEZ JOWFTUJHBUFT XIFUIFS BOE JG TP IPX 5BTIMIJZU MJTUFOFST VTF UIFTF QJUDI
QBSBNFUFST UP JOUFSQSFU NPSQIPTZOUBDUJDBMMZ BNCJHVPVT TFOUFODFT�
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ࡺ�ࡿ�ࡾ .FUIPE

ࡺ�ࡺ�ࡿ�ࡾ 1BSUJDJQBOUT

/JOF OBUJWF TQFBLFST PG 5BTIMIJZU 	GPVS NBMF ६WF GFNBMF NFBO BHF � ছচ 	ছۉছজ


QBSUJDJQBUFE JO UIF FYQFSJNFOU� /POF PG UIFN IBE QBSUJDJQBUFE JO UIF QSFWJPVT
QSPEVDUJPO FYQFSJNFOU� "MM MJWF JO "HBEJS .PSPDDP BSF ७VFOU JO .PSPDDBO "SB�
CJD BOE IBWF CBTJD DPNNBOE PG 'SFODI� "MM PG UIFN IBE OPSNBM PS DPSSFDUFE�UP�
OPSNBM WJTJPO� /POF SFQPSUFE PO BOZ IFBSJOH JNQBJSNFOUT 	DG� "QQFOEJY "ছ�জ
GPS QBSUJDJQBOU JOGPSNBUJPO
�

ࡻ�ࡺ�ࡿ�ࡾ 4QFFࢉ NBUFSJBMT BOE QSPDFEVSF

*O PSEFS UP DPOUSPM GPS QJUDI SFHJTUFS BOE QJUDI QFBL QMBDFNFOU TUJNVMJ XFSF
SFTZOUIFTJTFE� "T CBTF TUJNVMJ GPVS GVMMZ WPJDFE QISBTFT XFSF SFDPSEFE� �JOOB
CBCB� � JOOB CJCJ� � JOOB EJNB� BOE � JOOB ɁJMB� F(ێ TBJE GBUIFSێ	 UVSLFZ BMXBZT
OPXۏ
ۏ BMM QSPEVDFE CZ B QIPOFUJDBMMZ USBJOFE OBUJWF TQFBLFS PG 5BTIMIJZU 	3BDIJE
3JEPVBOF
� 'PS FBDI QISBTF UIF TQFBLFS QSPEVDFE UXP DPOUPVST DPSSFTQPOEJOH
UP UXP EJTDSFUFMZ EJ५FSFOU QJUDI QFBL QPTJUJPOT SFTVMUJOH JO UXP TFUT PG TUJNVMJ�
POF TFU DPOUBJOFE UIF QJUDI QFBL PO UIF ६OBM TZMMBCMF 	'
 PG UIF UBSHFU XPSE BOE
UIF PUIFS TFU DPOUBJOFE UIF QJUDI QFBL PO UIF QFOVMU 	16
� লF TQFBLFS XBT JO�
TUSVDUFE UP QSPEVDF UIF UXP TFUT JO UIF TBNF SFHJTUFS� 4VCTFRVFOU JOTQFDUJPOT PG
UIF DPOUPVST DPO६SNFE UIBU UIJT XBT UIF DBTF�

#PUI TFUT XFSF SFTZOUIFTJTFE VTJOH 140-" JO 1SBBU WFSTJPO ঞ�ঝ 	#PFSTNB �
8FFOJOL ছচঞ
� ' XBT NBOJQVMBUFE SFTVMUJOH JO UXP EJ५FSFOU QJUDI SFHJTUFS DPO�
EJUJPOT� UIF MPX SFHJTUFS DPOEJUJPO TUBSUFE XJUI B CBTFMJOF PG চজ )[ UIF IJHI
SFHJTUFS DPOEJUJPO TUBSUFE ঝ TFNJUPOFT IJHIFS 	 ˴চটঝ )[
� লF EJ५FSFODF JT DPNQB�
SBCMF UP WBMVFT PCUBJOFE GPS NBMF TQFBLFST JO UIF QSPEVDUJPO TUVEZ BCPWF�

(FOFSBMMZ G XBT NBOJQVMBUFE TVDI UIBU UIF TUBSU PG UIF QJUDI SJTF XBT MPDBUFE
BU UIF P५TFU PG �JOOB� UPXBSET UXP EJ५FSFOU G NBYJNVN MPDBUJPOT GPS FBDI TFU�
*O UIF FBSMZ QFBL DPOEJUJPO G SFBDIFE JUT NBYJNVN BU চ�জ PG UIF XBZ JOUP UIF
WPXFM 	QFOVMU WPXFM JO TFU 16 BOE ६OBM WPXFM JO TFU '
� *O UIF MBUF QFBL DPOEJUJPO
G SFBDIFE JUT NBYJNVN BU ছ�জ PG UIF XBZ JOUP UIF SFTQFDUJWF WPXFM� /PUF UIBU
UIF BMJHONFOU EJ५FSFODFT FYDFFE UIPTF UZQJDBMMZ GPVOE JO UIF QSPEVDUJPO TUVEZ
BCPWF JO PSEFS UP NBYJNJTF B QPUFOUJBM F५FDU PG BMJHONFOU XJUIJO UIF TZMMBCMF�
লF NBYJNVN G WBMVF XBT TFU UP CF GPVS TFNJUPOFT IJHIFS UIBO UIF CBTFMJOF
	চটঝ )[ GPS MPX SFHJTUFS BOE ছট )[ GPS IJHI SFHJTUFS SFTQFDUJWFMZ
� লFTF WBMVFT
BSF DPNQBSBCMF UP UIF UZQJDBM SJTF FYDVSTJPOT PCUBJOFE GPS NBMF TQFBLFST JO UIF





ঞ�ট 1FSDFQUJPO TUVEZ

'JHVSF ঞ�চচ� 4DIFNBUJTFE SFQSFTFOUBUJPO PG UIF NBOJQVMBUJPO DPOEJUJPOT
EJTQMBZJOH UIF EJ५FSFODFT JO QJUDI SFHJTUFS EJTDSFUF QFBL BMJHONFOU
	QFOVMUJNBUF � 16 ६OBM � '
 BOE HSBEVBM QFBL BMJHONFOU� TNBMM BSSPXT
JOEJDBUF FBSMZ BOE MBUF BMJHONFOU XJUIJO UIF TZMMBCMF SFTQFDUJWFMZ�

QSPEVDUJPO TUVEZ BCPWF� "যFS SFBDIJOH JUT NBYJNVN G GFMM UPXBSET UIF CBTFMJOF
MPDBUFE BU UIF FOE PG UIF UBSHFU XPSE�ট

লFTF NBOJQVMBUJPOT SFTVMUFE JO জছ TUJNVMJ 	ঝ UBSHFU XPSET � ছ QJUDI SFHJTUFST
	MPX WT� IJHI
 � ছ QFBL BMJHONFOUT JO EJTDSFUF UFSNT 	QFOVMU WT� ६OBM
 � ছ QFBL
BMJHONFOUT JO HSBEVBM UFSNT 	FBSMZ WT� MBUF

 	DG� 'JHVSF ঞ�চচ
�

1BSUJDJQBOUT XFSF TFBUFE JO GSPOU PG B DPNQVUFS TDSFFO JO B RVJFU SPPN BU UIF
*CO ;PIS 6OJWFSTJUZ JO "HBEJS� লFZ XFSF UPME UIBU UIFZ XFSF HPJOH UP MJTUFO UP
B SPCPU UIBU TQFBLT 5BTIMIJZU SFBTPOBCMZ XFMM CVU IBT EJ८DVMUJFT XJUI QSPEVD�
JOH UIF EJ५FSFODF CFUXFFO TUBUFNFOUT BOE RVFTUJPOT� 1BSUJDJQBOUT XFSF BTLFE
UP EFDJEF XIFUIFS UIFZ XPVME DPOTJEFS UIF TFOUFODFT QSPEVDFE BT TUBUFNFOUT PS
RVFTUJPOT CZ QSFTTJOH POF PG UXP CVਛPOT�

লF FYQFSJNFOU XBT SVO VTJOH 4VQFSMBC 	)BYCZ FU BM� চজ
� "U UIF CFHJOOJOH
PG FBDI USJBM B ६YBUJPO TUJNVMVT DPOTJTUJOH PG B ۏ�ێ XBT QSFTFOUFE JO UIF DFOUSF PG

ট 4JODF UIF TUBSU PG UIF SJTF BOE UIF FOE PG UIF GBMM XFSF OPU JEFOUJ६BCMF JO UIF QSPEVDUJPO EBUB JO
B SFMJBCMF XBZ UIF TUBSU PG UIF SJTF BOE UIF FOE PG UIF GBMM IBWF CFFO ६YFE UP UIF P५TFU PG �JOOB�
BOE UIF FOE PG UIF VਛFSBODF BDDPSEJOHMZ� লF QPUFOUJBM JNQMJDBUJPOT PG UIJT NFUIPEPMPHJDBM
DIPJDF XJMM CF EJTDVTTFE CFMPX�
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ঞ লF JOUPOBUJPO PG RVFTUJPOT BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU

UIF TDSFFO GPS চঞ NT EVSJOH XIJDI QBSUJDJQBOU IFBSE UIF TUJNVMVT� 'PMMPXJOH
UIJT UXP TFOUFODFT BQQFBSFE PO UIF SJHIU BOE MFয TJEF PG UIF TDSFFO� 0O POF
TJEF UIF TUBUFNFOU XBT EJTQMBZFE JO CMVF 	F�H� JOOB CBCB � 
 PO UIF PUIFS TJEF
UIF RVFTUJPO XBT EJTQMBZFE JO SFE 	F�H� JOOB CBCB  
� #PUI XFSF QSFTFOUFE JO
-BUJO TDSJQU� লF QPTJUJPO PG UIF RVFTUJPO BOE UIF TUBUFNFOU XBT LFQU DPOTUBOU
XJUIJO QBSUJDJQBOUT CVU XBT DPVOUFSCBMBODFE BDSPTT QBSUJDJQBOUT� 1BSUJDJQBOUT
IBE UP QSFTT UIF MFয PS SJHIU CVਛPO PO UIF DPNQVUFS LFZCPBSE NBUDIFE XJUI UIF
SFTQFDUJWF TFOUFODF NPEBMJUJFT EJTQMBZFE PO UIF TDSFFO� "যFS SFTQPOTF EFMJWFSZ
B CMBOL TDSFFO BQQFBSFE GPS ঞ NT�

&BDI QBSUJDJQBOU TUBSUFE XJUI B USBJOJOH TFTTJPO JO XIJDI BMM DPNCJOBUJPOT PG
QJUDI SFHJTUFST BOE QFBL BMJHONFOUT 	EJTDSFUF BOE DPOUJOVPVT
 XFSF QSFTFOUFE
PODF� *O TVCTFRVFOU UFTU CMPDLT FBDI UBSHFU XPSE JO FBDI PG UIF NBOJQVMBUJPO
DPOEJUJPOT XBT SFQFBUFE ६WF UJNFT BOE QSFTFOUFE JO SBOEPNJTFE PSEFS SFTVMUJOH
JO চট EBUB QPJOUT QFS QBSUJDJQBOU�

ࡼ�ࡺ�ࡿ�ࡾ 4UBUJTUJDT

"MM EBUB XBT BOBMZTFE XJUI HFOFSBMJTFE MJOFBS NJYFE NPEFMT VTJOH 3 	3 $PSF
5FBN ছচঞ
 BOE UIF MNFঝ QBDLBHF 	#BUFT FU BM� ছচঞ
� 5P BOBMZTF SFTQPOTFT DBU�
FHPSJDBMMZ NJYFE MPHJTUJD SFHSFTTJPO NPEFMT XFSF VTFE XJUI SBUJOH 	RVFTUJPO PS
TUBUFNFOU
 BT UIF EFQFOEFOU NFBTVSF� 1JUDI SFHJTUFS 	MPX WT� IJHI
 EJTDSFUF QFBL
BMJHONFOU 	16 WT� '
 BOE HSBEVBM QFBL BMJHONFOU 	FBSMZ WT� MBUF
 XPSE BOE
NFBO�DFOUSFE SFQFUJUJPO XFSF JODMVEFE BT ६YFE F५FDUT� "EEJUJPOBMMZ B UFSN GPS
SBOEPN JOUFSDFQUT GPS QBSUJDJQBOUT XBT JODMVEFE XIJDI RVBOUJ६FT CZ�QBSUJDJQBOU
WBSJBCJMJUZ BT XFMM BT SBOEPN TMPQFT GPS UIF ६YFE F५FDUT QJUDI SFHJTUFS EJTDSFUF
QFBL BMJHONFOU BOE HSBEVBM QFBL BMJHONFOU GPS FBDI QBSUJDJQBOU� .PEFMT JODMVE�
JOH UIF NBJO F५FDU � JOUFSBDUJPO PG JOUFSFTU XFSF DPNQBSFE UP UIF TBNF NPEFMT
XJUI OPNBJO F५FDU � OP JOUFSBDUJPO WJB -JLFMJIPPE 3BUJP 5FTUT 	-35
 UP EFUFSNJOF
Q�WBMVFT�

ࡻ�ࡿ�ࡾ 3FTVMUT BOE EJTDVTTJPO

0WFSBMM QBSUJDJQBOUT SBUFE UIF TUJNVMJ BT DPSSFTQPOEJOH UP RVFTUJPOT JO ঝজ� PG UIF
DBTFT JOEJDBUJOH B TMJHIU CJBT UPXBSET SBUJOH UIF TUJNVMJ BT TUBUFNFOUT� লJT NBZ
CF EVF UP UIF EFDMBSBUJWF TZOUBDUJD TUSVDUVSF PG UIF VਛFSBODF 	OP JOUFSSPHBUJWF
NBSLFS
� 3FHBSEMFTT PG UIJT CJBT UIFSF XBT B TJHOJ६DBOU F५FDU PG QJUDI SFHJTUFS
	Ͷছ	চ
��ঞ Q��ট
 TVDI UIBU JUFNT XJUI B IJHI QJUDI SFHJTUFS XFSF TJHOJ६DBOUMZ
NPSF PযFO SBUFE BT RVFTUJPOT 	ঞঠ� WT� ছঠ�
� লFSF XBT B TJHOJ६DBOU F५FDU PG
EJTDSFUF QFBL BMJHONFOU 	Ͷছ	চ
�ঠ� Q��জ
 BT XFMM TVDI UIBU JUFNT XJUI UIF G
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ঞ�ট 1FSDFQUJPO TUVEZ

QFBL PO UIF ६OBM TZMMBCMF XFSF TJHOJ६DBOUMZ NPSF PযFO SBUFE BT RVFTUJPOT UIBO
TUBUFNFOUT 	টচ� WT� ছঞ�
� (SBEVBM QFBL BMJHONFOU EJE OPU IBWF B TJHOJ६DBOU F५FDU
PO SBUJOHT� ' QFBLT FBSMZ JO B SFTQFDUJWF TZMMBCMF XFSF SBUFE BT DPSSFTQPOEJOH
UP RVFTUJPOT DPNQBSBCMZ BT PযFO BT G QFBLT MBUF JO UIF SFTQFDUJWF TZMMBCMF 	ঝঝ�
WT� ঝচ�
 	Ͷছ	চ
�চ�চট Q��ছঠ DG� 5BCMF ঞ�
�

5BCMF ঞ�� .FBO QSPQPSUJPOT PG RVFTUJPO SBUJOHT BT B GVODUJPO PG QJUDI
SFHJTUFS 	MPX WT� IJHI
 BOE QFBL BMJHONFOU 	EJTDSFUF BOE HSBEVBM
�

3FHJTUFS %JTDSFUF "MJHONFOU (SBEVBM "MJHONFOU 3FTQPOTFT

-PX

16
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16
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'JHVSF ঞ�চছ JMMVTUSBUFT UIF PWFSBMM SFTVMUT 	MFয QBOFM
 BOE UIF MJTUFOFS�TQFDJ६D
SFTVMUT 	SJHIU QBOFMT
 GPS QJUDI SFHJTUFS BOE EJTDSFUF QFBL BMJHONFOU� "T DBO CF
TFFO UIF PWFSBMM F५FDUT PG SFHJTUFS BOE EJTDSFUF BMJHONFOU BQQFBS UP CF BEEJUJWF
XJUI B ६OBM QJUDI QFBL JO B IJHI SFHJTUFS CFJOH UIF QSFGFSSFE RVFTUJPO UZQF BOE B
QFOVMUJNBUF QJUDI QFBL JO B MPX SFHJTUFS CFJOH UIF MFBTU QSFGFSSFE RVFTUJPO UZQF�

)PXFWFS UIFSF BQQFBST UP CF OP DMFBS�DVU EJTUJODUJPO CFUXFFO RVFTUJPOT BOE
TUBUFNFOUT� &WFO UIF MFBTU QSFGFSSFE JOUPOBUJPOBM QBਛFSO GPS RVFTUJPOT 	MPX SFH�
JTUFS BOE QJUDI QFBL PO 16
 TIPXT B DPOTJEFSBCMF BNPVOU PG RVFTUJPO SBUJOHT
	চঝ�
� &WFO UIPVHI UIFTF HFOFSBM USFOET BSF TUBUJTUJDBMMZ HFOFSBMJTBCMF UIFSF JT B
DPOTJEFSBCMF BNPVOU PG WBSJBUJPO BDSPTT MJTUFOFST� $POTJEFS UIF MJTUFOFS�TQFDJ६D
QBਛFSOT JO 'JHVSF ঞ�চছ 	SJHIU QBOFMT
� .PTU MJTUFOFST TIPX B DMFBS CJBT UPXBSET
SBUJOH UIF IJHI SFHJTUFS DPOEJUJPO BT NPSF MJLFMZ UP CF B RVFTUJPO 	CMBDL MJOFT
BSF BCPWF UIF HSFZ MJOFT
� *O GBDU TPNF MJTUFOFST TIPX BMNPTU OP RVFTUJPO SBUJOHT
XIFO UIF SFHJTUFS JT MPX 	MJTUFOFST ছ BOE ঞ
� -JTUFOFST ট ঠ BOE  IPXFWFS TFFN UP
TIPX B NVDI XFBLFS F५FDU PG QJUDI SFHJTUFS� 8JUI SFHBSE UP UJNJOH EJ५FSFODFT
NPTU MJTUFOFST TIPX B DMFBS CJBT UPXBSET SBUJOH TFOUFODFT XJUI UIF QJUDI QFBL
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ঞ লF JOUPOBUJPO PG RVFTUJPOT BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU

'JHVSF ঞ�চছ� 3BUJOHT BT B GVODUJPO PG QJUDI SFHJTUFS 	MPX WT� IJHI
 BOE
EJTDSFUF QFBL BMJHONFOU 	JO 16 BOE ' SFTQFDUJWFMZ
� -Fয QBOFM EJTQMBZT
PWFSBMM SFTVMUT� 3JHIU QBOFMT EJTQMBZ SFTVMUT GPS FBDI MJTUFOFS JOEJWJEV�
BMMZ 	MJTUFOFS  XBT FYDMVEFE BT NFOUJPOFE BCPWF
�

BMJHOFE XJUIJO UIF ६OBM TZMMBCMF NPSF MJLFMZ UP CF B RVFTUJPO UIBO TUBUFNFOUT�
4PNF MJTUFOFST TIPX BMNPTU OP RVFTUJPO SBUJOHT GPS QJUDI QFBLT BMJHOFE XJUI UIF
QFOVMU BOE DPOWFSTFMZ BMNPTU OP TUBUFNFOU SBUJOHT GPS QJUDI QFBLT BMJHOFE XJUI
UIF ६OBM TZMMBCMF 	MJTUFOFST ঝ ঞ BOE 
� লJT F५FDU BQQFBST UP JOUFSBDU XJUI SFHJT�
UFS� UIF QSFGFSFODF GPS RVFTUJPOT XJUI B QJUDI QFBL JO UIF ६OBM TZMMBCMF JT TUSPOHFS
GPS UIF IJHI SFHJTUFS DPOEJUJPO BT JT WFSZ DMFBSMZ JMMVTUSBUFE CZ UIF QBਛFSOT EJT�
QMBZFE CZ MJTUFOFST ছ ঝ BOE ঞ�

5P TVN VQ UXP NBJO GBDUPST BSF JEFOUJ६FE UIBU B५FDU UIF QFSDFQUJPO PG NPS�
QIPTZOUBDUJDBMMZ BNCJHVPVT TFOUFODFT� 'JSTU DPOUPVST JO B IJHI QJUDI SFHJTUFS
BSF QFSDFJWFE NPSF GSFRVFOUMZ BT RVFTUJPOT UIBO DPOUPVST JO B MPX SFHJTUFS� লJT
NBUDIFT UIF TUSPOH QJUDI SFHJTUFS EJ५FSFODFT GPVOE JO UIF QSPEVDUJPO TUVEZ EJT�
DVTTFE JO gঞ�ঝ� 4FDPOE DPOUPVST XJUI QJUDI QFBLT PO UIF ६OBM TZMMBCMF BSF QFS�
DFJWFENPSF GSFRVFOUMZ BT RVFTUJPOT UIBO DPOUPVSTXJUI QJUDI QFBLT PO UIF QFOVMU�
)PXFWFS FWFO DPOUPVST XJUI B QJUDI QFBL PO UIF QFOVMU BQQFBS UP CF BDDFQUBCMF
DPOUPVST GPS RVFTUJPOT SF७FDUJOH UIF WBSJBUJPO JO QJUDI QFBL QMBDFNFOU GPVOE JO
UIF QSPEVDUJPO FYQFSJNFOU� .PSF HSBEVBM EJ५FSFODFT JO UPOBM BMJHONFOU XJUIJO
UIF TZMMBCMF EJE OPU B५FDU SBUJOHT� লJT OVMM SFTVMU DPVME CF EVF UP UIF OBUVSF
PG UIF FYQFSJNFOUBM EFTJHO� 4JODF CPUI QJUDI SFHJTUFS BOE EJTDSFUF BMJHONFOU BSF
QFSDFQUVBMMZ WFSZ QSPNJOFOU BOE SFQSFTFOU TV८DJFOU DVFT UP QFSGPSN UIF UBTL
MJTUFOFST NBZ OPU QBZ BਛFOUJPO UP TVCUMF BMJHONFOU EJ५FSFODFT� লF QSFTFOU SF�
TVMUT BSF DMFBS FWJEFODF GPS UIF SBUIFS EJTDSFUF OBUVSF PG QFBL BMJHONFOU JO PVS
EBUB� লF SFMBUJWF QFBL EFMBZ JT OPU BT SFMFWBOU BT UIF QPTJUJPO PG UIF QFBL JO B
QBSUJDVMBS TZMMBCMF�
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ঞ� 4VNNBSZ

"T IBT CFFO BDLOPXMFEHFE UIF MPX QJUDI UBSHFU QSFDFEJOH UIF QFBL XBT TFU
BU UIF P५TFU PG �JOOB� BOE UIF MPX QJUDI UBSHFU BযFS UIF QFBL XBT TFU UP UIF
FOE PG UIF VਛFSBODF� লJT BMJHONFOU SFTVMUT JO BTZNNFUSJFT JO UIF TUFFQOFTT PG
SJTFT BOE GBMMT BDSPTT BMJHONFOU DPOEJUJPOT XJUI TIBMMPX SJTFT BOE TUFFQ GBMMT
JO QFBLT PO UIF ६OBM TZMMBCMF BOE TUFFQ SJTFT BOE TIBMMPX GBMMT JO QFBLT PO UIF
QFOVMU� লJT QPUFOUJBMMZ DPOGPVOET UIF NBOJQVMBUJPO PG UIF BDUVBM QFBL QPTJUJPO
	DG� 'JHVSF ঞ�চচ
� লVT UIF SFTVMUT DPVME CF JOUFSQSFUFE BT TIBMMPX SJTFT BOE TUFFQ
GBMMT CFJOH NPSF MJLFMZ UP CF JOUFSQSFUFE BT RVFTUJPOT UIBO TUFFQ SJTFT BOE TIBMMPX
GBMMT� লF QSFTFOU JOWFTUJHBUJPO DBOOPU SVMF PVU UIBU UIF TIBQF PG UIF SJTF�GBMM
B५FDUT MJTUFOFS SBUJOHT CVU UIFSF BSF UXP BSHVNFOUT DPVOUFS UP UIJT JOUFSQSFUBUJPO�
লJT JOUFSQSFUBUJPO JT OPU JO MJOFXJUI UIF QSPEVDUJPO SFTVMUT� SJTFT JO RVFTUJPOT BSF
DPOTJTUFOUMZ QSPEVDFE XJUI TVCTUBOUJBMMZ MBSHFS QJUDI FYDVSTJPOT UIBO TUBUFNFOUT�
"U UIF TBNF UJNF UIF SJTF JO QJUDI BQQFBST UP TUBSU SPVHIMZ BU UIF TBNF UJNF BDSPTT
RVFTUJPOT BOE TUBUFNFOUT� 5BLFO UPHFUIFS UIFTF QBਛFSOT SFTVMU JO TVCTUBOUJBMMZ
TUFFQFS SJTFT JO RVFTUJPOT UIBO JO TUBUFNFOUT� .PSFPWFS TJODF GBMMT BSF GSFRVFOUMZ
USVODBUFE UIF QFSDFQUVBM SFMFWBODF PG UIF GBMM JT HFOFSBMMZ RVFTUJPOBCMF�

ࢎ�ࡾ 4VNNBSZ

লF QSFTFOU DIBQUFS IBT FYQMPSFE UIF BDPVTUJD QBSBNFUFST BTTPDJBUFE XJUI UIF
EJTUJODUJPO CFUXFFO DPOUSBTUJWF TUBUFNFOUT BOE RVFTUJPOT PO UIF POF IBOE BOE
JOGPSNBUJPO�SFRVFTUJOH Z�O RVFTUJPOT BOE DPO६SNBUJPO�TFFLJOH FDIP RVFTUJPOT
PO UIF PUIFS� 1SPEVDUJPO EBUB SFWFBMFE UIBU DPNQBSFE UP TUBUFNFOUT RVFTUJPOT
	B
 IBE B IJHIFS QJUDI MFWFM BOE B HSFBUFS QJUDI SBOHF BOE 	C
 XFSF NPSF PযFO
SFBMJTFE XJUI UIF QJUDI QFBL PO UIF ६OBM TZMMBCMF� *O TUBUFNFOUT UIF QJUDI QFBL
PDDVSSFE NPSF PযFO PO UIF QFOVMU� 'VSUIFSNPSF UIFSF XBT B UFOEFODZ GPS 	D
 UIF
QJUDI QFBL JO RVFTUJPOT UP CF SFBMJTFE MBUFS XJUIJO UIF TZMMBCMF UIBO JO TUBUFNFOUT�
$PNQBSJOH RVFTUJPOT UZQFT FDIP RVFTUJPOT XFSF GPVOE UP IBWF B MPXFS QJUDI
MFWFM UIBO Z�O RVFTUJPOT BOE B IJHIFS QJUDI MFWFM UIBO DPSSFTQPOEJOH TUBUFNFOUT�
0UIFS UIBO UIBU UIF UXP RVFTUJPO UZQFT SFWFBMFE DPNQBSBCMF QJUDI SBOHFT BOE
DPNQBSBCMF QFBL BMJHONFOU QBਛFSOT�

লF QJUDI SFHJTUFS EJ५FSFODFT XFSF DPOTJTUFOU XJUIJO BOE BDSPTT TQFBLFST BOE
BQQFBS UP CF B SPCVTU DVF GPS EJTBNCJHVBUJOH RVFTUJPOT GSPN TUBUFNFOUT JO CPUI
QSPEVDUJPO BOE QFSDFQUJPO� *O UFSNT PG QJUDI QFBL BMJHONFOU UIFSF XBT B TJHOJ६�
DBOU EJ५FSFODF BDSPTT TFOUFODF NPEBMJUJFT JO QSPEVDUJPO� লF QFSDFQUJPO SFTVMUT
TIPXFE UIBU MJTUFOFST VTF QJUDI QFBL BMJHONFOU JO EJTDSFUF UFSNT 	J�F� TZMMBCMF�
CBTFE BMJHONFOU
 UP HVJEF UIFJS QFSDFQUJPO PG TFOUFODF NPEBMJUZ BMUIPVHI QJUDI
QFBLT JO CPUI TZMMBCMF QPTJUJPOT 	PO QFOVMU PS ६OBM TZMMBCMF
 BSF BDDFQUBCMF MPDB�
UJPOT GPS UIF QJUDI QFBL JO CPUI RVFTUJPOT BOE TUBUFNFOUT�

ঞ



ঞ লF JOUPOBUJPO PG RVFTUJPOT BOE DPOUSBTUJWF GPDVT JO 5BTIMIJZU

"QBSU GSPN UIJT TZTUFNBUJD DPSSFMBUJPO PG UPOBM QMBDFNFOU BOE TFOUFODF NPEBM�
JUZ UIFSF XBT DPOTJEFSBCMF WBSJBUJPO JO QFBL BMJHONFOU CPUI XJUIJO BOE BDSPTT
TQFBLFST� "EEJUJPOBM FWJEFODF QSFTFOUFE CZ (SJDF 3JEPVBOF � 3PFਛHFS 	ছচঞ

SFWFBMFE UIBU MFYJDBMMZ EFUFSNJOFE TFHNFOUBM GBDUPST TVDI BT TZMMBCMF XFJHIU PG
UIF ६OBM TZMMBCMF BOE UIF TPOPSJUZ PG TZMMBCMF OVDMFJ XFSF SFMFWBOU EFUFSNJOBOUT
PG UPOBM QMBDFNFOU� লF JOWFTUJHBUFE UPOFT QSFGFS UP CF SFBMJTFE PO IFBWZ TZMMB�
CMFT BOE TPOPSPVT FMFNFOUT� 8IJMF TZMMBCMFT JO PUIFS MBOHVBHFT TVDI BT (FSNBO
PS &OHMJTI VTVBMMZ DPOUBJO BU MFBTU B TPOPSBOU DPOTPOBOU 5BTIMIJZU BMMPXT BOZ
UZQF PG TFHNFOU JO TZMMBCMF OVDMFVT QPTJUJPO� লF RVFTUJPO BSJTFT BT UP IPX UPOFT
BMJHO XJUI UIF TFHNFOUBM NBUFSJBM XIFO UIFSF BSF OP TPOPSBOUT BWBJMBCMF JO UIF
UPOF CFBSJOH XPSE� লF GPMMPXJOH DIBQUFS XJMM FYQMPSF UIFTF DBTFT JO EFUBJM�

ট
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