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Introduction to empirical designs

hypotheses




basic concepts

Ho Null hypothesis
a statement that we want to reject,
normally the absence of an influence in the phenomenon of interest
Hp represents a state of knowledge prior to scientific explanations:
we observe that the world varies but we do not know why.

H, Alternative hypothesis
a statement that we want to confirm,
normally the presence of an influence in the phenomenon of interest
H, represents a scientific statement explaining a part of the observed
variation.

The empirical design

should offer the crucial data in order to decide whether Hy or H, is true.



contextual licensing of word order

We observe that word order varies:
To NPEULOTIKO QTTOKOIULOE TOV IATTITOU.
‘the tranquilizer put the grandpa to sleep’

Tov marttoU TOV ATTOKOIULOE TO NPEULOTLKO.
‘the tranquilizer put the grandpa to sleep’

Based on avallable knowledge (e.g., Given-First Principle), we may
hypothesize that the choice of linearization is influenced by the
context. Compare:

Kartotot ao¥eveic bev umopouoav va kolunvouv aro 1 eaoapida...

,some patients could not sleep because of the noice’
(@) ... To NPEULOTIKO QITOKOIULOE TOV TTATTITOU.

(b) ... Tov mamnmou tov arokoiutos to NPEULOTIKO.



contextual licensing of word order

Ho Null hypothesis
Topic constituents are not more likely than non-topical constrtuents
to appear early in the utterance.

H, Alternative hypothesis

Topic constituents are more likely than non-topical constituents to
appear early in the utterance.



verb classes

Furthermore, we know that different verbs have different word
order properties:

Tov martitoU TOV ATTOKOIULOE TO NPEULOTLKO.
‘the tranquilizer put the grandpa to sleep’

Tov rtamttoU tov eVOLAPEPEL TO TTOOOTPALPO.

‘the grandpa is interested in football.
It 1s claimed that the OS order Is preferred for experiencer-object

verbs of the evdiapépei-type across contexts, l.e., OS can occur
without contextual licensing with these verbs.



verb classes

Ho Null hypothesis
OS orders are not more likely with Exp-object verbs than with
canonical transitive verbs.

H, Alternative hypothesis
OS orders are more likely with Exp-object verbs than with canonical
transitive verps.



basic concepts

Ho Null hypothesis
a statement that we want to reject,
normally the absence of an influence in the phenomenon of interest
Hp represents a state of knowledge prior to scientific explanations:
we observe that the world varies but we do not know why.

H, Alternative hypothesis
a statement that we want to confirm,
normally the presence of an influence in the phenomenon of interest
H, represents a scientific statement explaining a part of the observed
variation.

The empirical design

should offer the crucial data in order to decide whether Hy or H, is true.
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Factorial design




basic concepts

e [actors

the dimensions of variation examined in an empirical design

* Dependent variables

capture the phenomenon that we want to explain

* Independent variables

are the factors used to explain the behaviour of the dependent variable

 (Conditions

the empirical cases to examine, in a multifactorial design they result from the
permutation of factor levels.



Factorial design

Dependent variable
VWORD ORDER (categorical factor)
level O = SO
To NPEULOTIKO QTTOKOIULOE TOV IATTITOU.

‘the tranquilizer put the grandpa to sleep’

level | = OS

Tov martitoU TOV ATTOKOIULOE TO NPEULOTLKO.

‘the tranquilizer put the grandpa to sleep’

Level O is the baseline (the default empirical situation)

Level | is the level of interest
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Factorial design

Dependent variable
VWORD ORDER (categorical factor)
level 0 = SO
level | = OS

Level O is the baseline (the default empirical situation)

Level | is the level of interest

Understanding the behaviour of the dependent variable

means finding the factors that have an influence on the OS/SO
ratio, I.e., the determinants of the choice of OS — assuming that
SO would appear otherwise.
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Factorial design

Dependent variable

VWORD ORDER
Level 0: SO \
Level |: OS

Independent variables
(or fixed factors)
CONTEXTUAL LICENSING

levels...

VERB CLASS

levels...
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Recall: contextual licensing

Ho Null hypothesis
Topic constituents are not more likely than non-topical constrtuents
to appear early in the utterance.

H, Alternative hypothesis

Topic constituents are more likely than non-topical constituents to
appear early in the utterance.
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Factorial design

Dependent variable Independent variables
(or fixed factors)
CONTEXTUAL LICENSING

| evel O: non-licensed

VWORD ORDER Level |:licensed
Level 0: SO \
Level |: OS VERB CLASS

levels...
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Recall: verb classes

Ho Null hypothesis
OS orders are not more likely with Exp-object verbs than with
canonical transitive verbs.

H, Alternative hypothesis
OS orders are more likely with Exp-object verbs than with canonical
transitive verps.
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Factorial design

Dependent variable Independent variables
(or fixed factors)
CONTEXTUAL LICENSING

| evel O: non-licensed

VWORD ORDER Level |:licensed
Level 0: SO \
Level |: OS VERB CLASS

| evel O: canonical causative verbs

Level |:experiencer-object verbs
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experimental conditions

Permutations between the levels of the fixed factors

CONTEXTUAL LICENSING

—licensed +licensed

canonical caus.

VERB verbs
CLASS

condition o | conditiony

exp-objverbs  condition B | condition 0
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experimental procedure

Welcher der beiden Sétze passt Threr Meinung nach besser zum vorgegebenen Kontext?

Was gibt es Neues?
Der Hagel hat den Bauern frustriert.

Was gibt es Neues?
Den Bauern hat der Hagel frustriert.

PIDEI‘ESE: L
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experimental condrtions

(a) —licensed & canonical verb
11 véa,; What's new?'
- To npeutotiko armokoiutoe tov namov. (SO)

- Tov ntartmou tov amokoliutoe to npeutotiko. (OS)
,The tranquilizer put the grandpa to sleep.’

(B) —licensed & exp-obj verb
11 véa,; What's new?'
- To mobddopatpo evbiapepet tov ramnmou. (SO)

- Tov rtartmou tov evbiagépet to modoogarpo. (OS)
,The grandpa is interested in football.
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experimental conditions

(y) +licensed & canonical verb

Kartotot aoUeveic dev umopouvoayv va koyundouv amo ) poaoapid...
,some patients could not sleep because of the noice’

- To npeutotiko arokoliutoe tov rarnrmou. (SO)
- Tov amitovU tov arokoluLoe 1o NPeuLoTiko. (OS)
‘the tranquilizer put the grandpa to sleep’
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experimental conditions

(0) +licensed & exp-obj verb

Kartolot otnv oLKOYEVELD LUAG EXOUV LOLAITEPA EVOLAPEPOVTA...
some people in our family have special interests...
- To mtobdoopatpo evdiapepet tov rarnmou . (SO)
- Tov rtarttou tov evéiapepel to modoaparpo. (OS)
,The grandpa is interested in football.
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basic concepts

e [actors

the dimensions of variation examined in an empirical design

* Dependent variables

capture the phenomenon that we want to explain

* Independent variables

are the factors used to explain the behaviour of the dependent variable

 (Conditions

the empirical cases to examine, in a multifactorial design they result from the
permutation of factor levels.
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Sources of Variation




Basic concepts

e Random Factors

factors not related to the hypotheses but having an influence on the
dependent variable; our result (concerning the fixed factors) should be
generalizable for these factors

* Llatin square designs

distributing the experimental material between sessions/speakers

e Fillers

distracting speakers



random factors

Random factor I Variation between speakers

* We know that individual speakers may have different judgments —
especially if the phenomenon at issue involves variation.

* Ourtarget is to obtain statements that are generalizable across
speakers.

* We do not want to know exactly what each speaker thinks about the
sentences, we just want to be sure that our result is not the artefact of
the inturtion of a random individual.

* For this purpose, we need a sample of the relevant population. (e.g,,
population of adult native speakers of Greek)
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random factors

Random factor 2: Variation between lexicalizations

* [t may be that the wording of the examples has an influence on the
speakers inturtions.

* Ourtarget is to obtain statements that are generalizable across
lexicalizations.

* Again: we do not want to know exactly what is the role of each lexical
item, we just want to be sure that our result is not the artefact of a

random lexical item.

* For this purpose, we need a sample of lexical expressions with the
crucial structure:
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random factors

Random factor 2: Variation between lexicalizations

For this purpose, we need a sample of lexical expressions with the crucial
structure:

To koatouut eurtodile tov akpoBatn.

To taéi nrapedaBe tov tepuatoUAKA.

Ot aoknoeic BeAtiwoav Tov akovTLoTl).

H rivakida mpoetdomnoinoe tov woptnyat{n.
H otoAn npootateye tov duUtn.
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random factors

Random factor I Variation between speakers
Random factor 2: Variation between lexicalizations

[t is established since Clark 1973 to design empirical studies that
control these two dimensions of variation. But it may be that for
particular empirical questions different settings are more

appropriate.
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L atin square design

* Imagine that you have 4 experimental conditions

* You want to elicit 4 repeated observations per
speaker” condition. In order to use each lexicalization once, you
need |6 different lexicalizations.

* Your entire material will contain 4 (condritions) x |6
(lexicalizations) = 64 experimental elements.

* |f you add fillers (see below), you would end up with a very
LONG experiment.

* However, we do not present the entire material to every
speaker, each speaker will see each lexicalization once.
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Latin square design

speaker: | 2 3 4 16
item: | | A B |1C 1D
2 2B 2C 2D 2A
3 3C 3D 3A 3B
4 4D 4A 4B 4C
5 D5A 6B 7C 8D
16 16D | 6A | 6B | 6C
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Latin square design

Liste 1

<id:acc_t_it1_can_non>Tuvéa;</id>
<id:acc_t_itl_can_non_SO>To kootoUpL epnddile tov
akpoBatn.</id>

<id:acc_t_it1_can_non>Tuvéa;</id>
<id:acc_t_it1_can_non_0S>Tov akpofdtn tov epnoddile
10 KooToUuL</id>
<id:acc_t_it9_can_non>Tuvéa;</id>
<id:acc_t_it9_can_non_0S>Tnv untépa tnv {Umvnoe o
cuvayepuoc.</id>

<id:acc_t_it9_can_non>Tivéa;</id>
<id:acc_t_it9_can_non_SO>0 cuvayeppog EUmvnoe tnv
untépa.</id>

<id:acc_t_it17_can_non>Tu véa;</id>
<id:acc_t_it17_can_non_SO>To dayntéd dnAntnpiace
tov kdto.</id>

<id:acc_t_it17_can_non>Tu véa;</id>
<id:acc_t_it17_can_non_0OS>Tov mA4to tov
<id:acc_t_it25_can_non>Tuvéa;</id>
<id:acc_t_it25_can_non_0OS>Tov emBetikd tov TOdAwve
o f\woc.</id>

<id:acc_t_it25_can_non>Tuvéa;</id>
<id:acc_t_it25_can_non_SO>0 rjAog tudAwve tov
emuBetko.</id>

<id:acc_t_it7_can_lic>Ow eplocdtepot tafidunteg Sev
éywav akopa kaAd.</id>

<id:acc_t_it7_can_lic_SO>To ¢appako BoriBnoe tov
odnyo.</id>

<id:acc_t_it7_can_lic>Ow mepiocotepot tafibuwteg Sev
<id:acc_t_it15_can_lic>Ta untdéAouta péin tou
louykpotrjpatog Sev emnpedotnkav and v

|Liste 2

<id:acc_t_it3_can_non>Tuvéa;</id>
<id:acc_t_it3_can_non_0S>Tov §Utn tov mpootdtede n
otoAd.</id>

<id:acc_t_it3_can_non>Tuvéa;</id>
<id:acc_t_it3_can_non_SO>H otoAr npootdatee tov
Sutn.</id>

<id:acc_t_it11_can_non>Tivéa;</id>
<id:acc_t_it11_can_non_SO>To ta&i mapéhafe tov
tepuatodUAaka.</id>
<id:acc_t_it11_can_non>Tivéa;</id>
<id:acc_t_it11_can_non_0S>Tov teppatodUAaka Tov
napélaPe to tagi.</id>
<id:acc_t_it19_can_non>Tuvéa;</id>
<id:acc_t_it19_can_non_SO>Ot ackrjoelg BeAtiwoav Tov
akovtioth.</id>

<id:acc_t_it19_can_non>Tuvéa;</id>
<id:acc_t_it19_can_non_OS>Tov akovILoTr Tov
<id:acc_t_it27_can_non>Tuvéa;</id>
<id:acc_t_it27_can_non_SO>H BeAdva tpumnoe tov
HikpoPrloddyo.</id>
<id:acc_t_it27_can_non>Tuvéa;</id>
<id:acc_t_it27_can_non_OS>Tov pikpoPLoAdyo tov
Tpumnoe n Behova.</id>

<id:acc_t_it1_can_lic>H opdda tou toipko dev
avtpetwnoe npoPAruata otnv napdotaocn.</id>
<id:acc_t_it1_can_lic_OS>Tov akpodatn tov eunddile
T0 KooToUuL</id>

<id:acc_t_it1_can_lic>H opdda tou toipko Sev
<id:acc_t_it9_can_lic>Ixe806v OAn owkoyévela kol Bnke
npepa.</id>

|Liste 3
<id:acc_t_it5_can_non>Tuvéa;</id>
<id:acc_t_it5_can_non_SO>To npeULOTIKO QITOKOIULOE

tov mamnmnov.</id>

<id:acc_t_it5_can_non>Tuvéa;</id>
<id:acc_t_it5_can_non_0S>Tov namtol ToV aioKolLoE

TO NPeULOTIKO.</id>

<id:acc_t_it15_can_non>Tivéa;</id>
<id:acc_t_it15_can_non_SO>H dlodotia katéotpele

Tov tpayoudioth.</id>

<id:acc_t_it15_can_non>Tuvéa;</id>
<id:acc_t_it15_can_non_0OS>Tov tpayoudiotr Tov
katéotpede n dhodofia.</id>
<id:acc_t_it23_can_non>Tivéa;</id>
<id:acc_t_it23_can_non_SO>H mwvakida nposonoinoe

tov doptnyatln.</id>

<id:acc_t_it23_can_non>Tivéa;</id>
<id:acc_t_it23_can_non_0S>Tov doptnyati tov
<id:acc_t_it31_can_non>Ti véa;</id>
<id:acc_t_it31_can_non_SO>0OtLmpo6Peg e§aviAnoav tnv

npwrtaywviotpla.</id>

<id:acc_t_it31_can_non>Tivéa;</id>
<id:acc_t_it31_can_non_0S>Tnv mpwtaywviotpla thv

e€avtAnoav oL podPec.</id>

<id:acc_t_it3_can_lic>Ta nepiocotepa péAn tng opadag
Sidowong tpavpatiotnkav.</id>
<id:acc_t_it3_can_lic_SO>H otolAr mpootdtee Tov

S0tn.</id>

<id:acc_t_it3_can_lic>Ta neploocotepa péAn tng opadag
<id:acc_t_it11_can_lic>Ta vnéAouta péAn g opadag
niepipevav to movApav va ta napahdfet.</id>

}
|Liste 4
<id:acc_t_it7_can_non>Ti vt
<id:acc_t_it7_can_non_0OS>
dapuako.</id>
<id:acc_t_it7_can_non>Tiv¢
<id:acc_t_it7_can_non_SO>
odnyo.</id>
<id:acc_t_it15_can_non>Tu»
<id:acc_t_it15_can_non_SO
Tov tpayoudioth.</id>
<id:acc_t_it15_can_non>Tu'
<id:acc_t_it15_can_non_0OS
katéotpele n dodotia.</i
<id:acc_t_it23_can_non>Tu!
<id:acc_t_it23_can_non_0OS
npoeldomnoinoe n mwvakida.-
<id:acc_t_it23_can_non>Tu!
<id:acc_t_it23_can_non_SO
<id:acc_t_it31_can_non>Tu
<id:acc_t_it31_can_non_SO
npwrtaywvictpla.</id>
<id:acc_t_it31_can_non>Tu'
<id:acc_t_it31_can_non_0OS
efavthnoav oL tpoPec.</id>
<id:acc_t_it5_can_lic> Kanc
ntav advvatov va kowunBot
untpye.</id>
<id:acc_t_it5_can_lic_OS>T¢
TO nNpepoTko.</id>
<id:acc_t_it13_can_lic>Ou 1
Xpewkonnoav.</id>
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fillers

* fillers are test items that are not relevant for the hypothesis

* the fillers distract the participants from the purposes of the
experiment

* fillers must run under the same experimental instruction
(otherwise the purposes of the different parts of the material
are transparent.

* The recommended proportion is | target: 3 fillers.

35



fillers

EXELC KOVEVQA VEO;
- N\éve OtL TN oVAANYN TNV opyaAvwoEe 0 NAEKTPOAOYOC.
- Tn oUAANYPN A€ve OTL TNV OpYyAVWOE 0 NAEKTPOAOYOC.

Tl elbec;
- Amo 1o 6€VTpo £MECE £vac LEPEQLC.
- 'Evac LEpEAC EMECE A0 TO SEVTPO.

MoAMol elol eival SuoapeoTnUEVOL LE TIC €EALEELC.

- AkovoTtnke otL ta me(odpouia Ba yivouv modnAatodpopol.
- MobnAatodpopol akovotnKke OtL Ba yivouv ta te(odpouLa.
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Latin square design with fillers

speaker: f/t I 2 3 4
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Basic concepts

e Random Factors

factors not related to the hypotheses but having an influence on the
dependent variable; our result (concerning the fixed factors) should be
generalizable for these factors

* Llatin square designs

distributing the experimental material between sessions/speakers

e Fillers

distracting speakers
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Outcomes of a factorial design




Basic concepts

e main effects

effects of certain factors

e |nteraction effects

factorial effects that depend on the level of other factors
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possible outcome |

e the factor CONTEXTUAL LICENSING has a main effect.

e the factor VERR CLASS does not have a main effect.

100

80

60

40

20

% of OS out of OS/SO choices

—non-licensed
—|icensed

canonical EO verb
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possible outcome 2

e the factor VERB CLASS has a main effect.
e the factor CONTEXTUAL LICENSING does not have a main effect.

% of OS out of OS/SO choices
—non-licensed
100 —|icensed
80
60
40
20 /
0
canonical EO verb




possible outcome 3

the factor VERB CLASS has a main effect.

the factor CONTEXTUAL LICENSING has a main effect.

both effects are cumulated.

100

80

60

40

20

% of OS out of OS/SO choices

—non-licensed
—|icensed

/
/

canonical EO verb
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possible outcome 4

e the factors interact:

* the factor CONTEXTUAL LICENSING has a main effect only within
a level of the factor VERB CLASS (with canonical verbs).

% of OS out of OS/SO choices
—non-licensed
L —|icensed
80
60
40
20 /
0
canonical EO verb




Basic concepts

e main effects

effects of certain factors

e |nteraction effects

factorial effects that depend on the level of other factors
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Do you want to learn what happened!

DOI: https://doi.org/ 10.1515/ling-2016-00 1 8
https://publikationen.uni-tuebingen.de/xmlui/handle/ 10900/ 77660
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