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Abstract

People often use spatial vocabulary to describ@oeah rela-
tions, and this has increasingly motivated attentptsnap
spatial frames of reference (FoRs) onto time. Heapbe as-
sigh FRONT to time and to temporal entities depends on cul-
tural conventions, and is crucial for diagnosingickhtem-
poral FOR a person actually adopts. Here, we rdjratings
from a survey with speakers of Norwegian that airatds-
sessing the cultural conventions involved ARONT assign-
ment. Data on temporal movements of events, otethporal
order of events, and on expligiRONT assignments to events,
time units, and “time itself” suggest that partanps use dif-
ferent principles for describing fixed relationgaftc time)
versus moving events (dynamic time).

Keywords: space; time; space-time mapping; frames of ref-
erence; mental timeline.

Introduction

When talking about time, people tend to do so wébabu-
lary and concepts borrowed from the domain of spieg
while research in the two domains and the acknogded
ment of cross-domain transfers do have a venetedilgion
(reviewed in Nufiez & Cooperrider, 2013), the chade of
mapping a taxonomy of spatial representations dh&o
domain of time has been taken up only recently, rasdec-
tive attempts differ considerably in terms of thetmal
conceptualization and subsequent interpretationdata.
Based on a review of advances in this field, weimed
how such taxonomies may be transferred from spatene
(Bender & Beller, 2014), with a focus on accoutizt tdeal
with frames of reference (FoRs).

Taking Levinson’s (2003) well-established taxonoofy
spatial frames of reference as starting point,ttReR ac-
count (Bender et al., 2010, 2012; Rothe-Wulf et al., 01
derives a set of temporal frames of reference Rdjdol-
lowing general design principles as described belget,
while these design principles provide an abstrétictire
for distinct frames of reference, their concretecsfication
depends on cultural conventions involved in how pieo
assignFRONT to temporal entitieper se Previous accounts
drew on intuitions regarding such conventions foeakers
of English and related languages (such asrkanT of an
event is considered to be at its beginning). Hexe report
findings from a survey that empirically assessechston-
ventions.

Spatial and Temporal Frames of Reference

A frame of reference (FoR) is a coordinate systequired
to localize a figureF in reference to a groun@ from an
observer’s point of view. Levinson’s (2003) taxonomy
distinguishes three basic types of spatial FoRsplate,
intrinsic, and relative, as well as different vat& of the
latter. In line with the underlying design prin@pl these
FoRs can be mapped from space onto time as follows
(Bender & Beller, 2014; and see Table 1):

The absolute FoRis anchored in a superordinate field
outside F, G, and V. As space itself is the supinate
field in the spatial domain, so is time in the temg do-
main. Assignment of orientation to the field follewultural
conventions and may recruit, for instance, cardpuihts,
mountain slopes, rivers, or the land-sea axis aallgelands
(in the case of space), and correspondingly thenastry
inherent in the ‘arrow of time’ (in the case of &mnwhich is
(presumably) pointing towards the future.

Theintrinsic FoRis anchored in the reference or ground
entity G and can thus only be adopted if G is peeckas
being oriented itself (this includes an observeseifving as
ground). Assignment of orientation again followdtaral
conventions and may recruit, for instance, movimngd
tions of objects such as cars (in space) and tiginhieg
versus end of events (in time).

Table 1: Frames of reference and forward movements (in-
dicated by the tips of the arrows) according to ti®R
account (for more details, see Bender & Beller, Dphased

on assumed cultural conventions for assignaRONT in
English speakers.

Linear Point-symmetric
Absolutt Relative-reflectior
towards
|
past future present
Intrinsic Relative-translatior
beginning end away\ from
event !
present
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Therelative FoR finally, is anchored in the viewpoint V
of an observer (separate from G). V’s position barestab-
lished both in space (as the observer’s location)ia time
(as the observer's subjective present). In ordestilb be
able to localize F in reference to G, the coordimaistem
primarily anchored in V needs to be shifted intoT@is can
be done in several ways, two of which are releveme: the
reflection variant under whiclFRONT is assigned to a posi-
tion or time between G and V, and ttranslation variant

fixed relations such as “the quibeforethe storm” (Ger-
man: “die Ruhevor dem Sturm”, Swedish: “lugnefbre
stormen”), while patterns in the three languagéferdiun-
damentally when it comes to movement: Moving a imeget
“forward” results in a later date (futurewards mment) for
the vast majority of Swedish speakers, in an eadete
(pastwards movement) for the vast majority of Germa
speakers, and in dissent between these variantsniglish
speakers (Rothe-Wulf et al.,, 2015; and see Botogdits

under whichFRONT is assigned to a position or time beyondRamscar, 2002; McGlone & Harding, 1998).

G. In either casesRONT assignments are point-symmetrical

to the present, but have diverging directiomsfléction
towards Vitranslation away from V).

Each of these FoRs hinges on cultural conventitms:
absolute FOR on how orientation is assigned tcsthperor-
dinate field (for variation, see Nufiez & Sweet2806), the
intrinsic FOR on how orientation is assigned to ¢ineund
entity, and the relative FOR on which variant isfprred for
shifting the primary coordinate system. So faruagstions
on these conventions are based more on intuitioas on
data, especially for the domain of time. In thddwing, we
explicate these for three Germanic languages.

Frames of Reference in Germanic Languages

Empirical research in thgpatial domain on three Germanic
languages—English, German, and Swedish, (e.g.eBetl
al., 2015; Grabowski & Weil3, 1996; Majid et al.,020—
indicates that speakers of these languages makefuslé
basic spatial FoRs for describing locations and entents
in space, with a pronounced preference in smalkssace
for the reflection variant of the relative FoR aatheit to a
lesser extent, the intrinsic FoR.

Whether, however, these diverging patterns caniég- d
nosed as arising from an absolute or intrinsic F&Rpec-
tively, depends on whether our assumptions reggrttie
cultural conventions foFRONT assignment are correct. Data
on this question was collected in the current stfatya
fourth Germanic language, namely Norwegian, for clrhi
research on spatial FORs revealed the same preésrdar
references in small scale space (Beller & Bendet,72 as
in the other three Germanic languages.

Study

The study aimed at assessing whether and FRONT is
assigned to time itself (relevant for the absokn®) and to
temporal entities such as events (relevant forinlfrnsic
FoR). We also remained open to the possibility oinp
symmetric response patterns indicative of a redafEioR.

Methods

Participants. 81 volunteers participated in the survey; three
were excluded from further analyses because thdigadted
a language other than Norwegian as their motheguen
The resulting sample therefore consisted of 78igpants

In the temporal domain, the metaphorical space-time(sg female; ag = 25.3 yearsSD = 7.6, range 19-62, with

mapping emerging in language suggests a set okotions

5 not indicating their age).

for FRONT assignment that appear similar across the three

languages. With regard to time itself (as the sopinate

field in the absoluteFOR), FRONT seems to be assigned to

the future, as reflected in the ‘arrow of time’ piimg to-
wards the future or in expressions such as “therdut
ahead”, and “olden days passed by”. With regardvients
(as the ground entities in tlirgrinsic FOR),FRONT seems to
be assigned to that part of time pertinent to thginning of
events, as reflected in expressions such as “tlet hafore
the storm”. When it comes to the subjective viemp& of
an observer (as the central point in tieative FOR), it
might be ventured that none of its variants argueat in
Germanic languages, as the point-symmetric pateaiasg
from them have been observed only infrequentlyr(\2i6%
or less in any of the languages under investigatsee
Rothe-Wulf et al., 2015).

Materials. The tasks described in the following were part of
a larger paper-and-pencil survey, provided in Naiae
(bokma). Here, we focus only on those tasks that are rele
vant for the questions under scrutiny in this paper

The Event-Moving Task consisted of four items, with an
event to be moved forward (Norwegidram) or backward
(bakovey} in time. Two items used the time scdbys

e« The concert scheduled for Thursday last week was
moved {forward/backward} two days. On which day of
the week did it actually take place?

¢ The meeting scheduled for Wednesday next weekbwill
moved {forward/backward} two days. On which day of
the week will it now take place?

The other two items used the time sdabars

Based on these assumptions, an absolute FOR weuld b The departure scheduled for 9 a.m. yesterday wageho

diagnosed when events “in front of” other eventsnooved
forward” from their previous position are localized fur-
ther in the future, while an intrinsic FOR would Heg-
nosed when they are localized as further in the (asble
1). Interestingly, the latter pattern has been riesd as
canonical for all three Germanic languages for deisg

{backward/forward} three hours. At what time didait-
tually take place?

e The power cut scheduled for 4 p.m. tomorrow will be
moved {backward/forward} three hours. At what time
will it take place now?

For each time scale, a past and a future evenirnehgled;
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this is necessary to be able to distinguish lirfie@n point-
symmetric t-FORs (cf. Table 1) that participantgimiadopt
(Bender et al., 2010). The original schedulingh# events
and the moving span were chosen so as to remdimvtite
respective time cycle (e.g., for weekdays betweamday
and Saturday), and hence to prevent ambiguousmespo

The items were implemented in four arrangementsser
ing between-subjects twarders oftime scalewith the two
moving directions.The task started either with the time
scaledays (first meeting, then concert), followed Iwpurs
(first power cut, then departure), or vice versag @ither
with “forward” as moving direction for the first wevents,
followed by “backward” for the other two, or vicensa.

The Order Task consisted of six items that asked for the
order of events, that is, whether a target evegui¢ F) is
“in front of” (Norwegian:foran) or “behind” pak a refer-
ence event G. Four items used a forced-choice forma

* Lunch is normally ...

o in front of /o behind ... breakfast.
» Good Friday is two days ...
o in front of /o behind ... Easter Sunday.
New Year's Eve is one week ...
o in front of /o behind ... Christmas Eve.
» The Stone Age was ...

o in front of /o behind ... the Middle Ages.

Two further items used an open format:

The exam is generally nine days

{in front of/behind} the 1% of May.

So, at which date does it take place?

This year, Peter’s birthday is three months
{in front of/behind} midsummer.

So, in which month is his birthday?

The items were implemented in four arrangementssing
between-subjects twarders of itemsither with twoorders
of response optiorfer the items in the forced-choice format
(“in front of” as the first vs. the second optiom) with the
two phrasingsfor the items in the open format (“in front of”
for the birthday item and “behind” for theexamitem, or
vice versa). One item order was determined randamitly
the second order being the exact revérsal

The Front Task consisted of eight items that asked for
indicating whether or not a time segment has at fthior-
wegian:forsidég or back baksid@, and if so, in which direc-
tion FRONT or BACK is pointing. All items followed the same
schema and had four response options, here exédpidr
the item on time in general:

{Front/Back of time in general ...
o is at the beginning of time.
o is at the end of time.
o Something like that does not exist.
o Something else, namely

As the two last response options were the samallfdems,
we explicate only the item-specific options for tieenain-

! Each set of items also included some non-tempiteats,
which are not discussed here.

ing items. Three items referred to the units ofetiday,
monthandyear.

{Front/Back of today ...

o was early in the morning? will be late at night.
{Front/Back of August ...

o is the £'of August /o is the 3% of August.

e {Front/BacRk of the current year ...

o was in Januaryd will be in December.

Four other items referred to events:

{Front/Back of a meeting ...

o is at the introductiond is at the summary.
{Front/Back of a dinner ...

o is at the appetizend is at the dessert.
{Front/BacRk of Easter ...

o is on Maundy Thursdayd is on Easter Monday.
{Front/BacRk of your life ...

o is when you were bornd is when you will die.

The items were implemented in four arrangementssing
between-subjects twphrasings(asking for all items either
for “front of X ...” or “backof X ...") with two orders of
items (one random order starting with time in generakl a
the exact reversal

Design and Procedure.Four versions of questionnaires
were constructed. The various types of tasks wezsenmted
within-subject in a fixed order (i.eevent-moving taskol-

lowed byorder taskfollowed byfront task in line with the
increasingly explicit nature of the task (asking fine
“front” of time highlights the topic of interest mmstrongly
than asking for the date to which an event is mpvéte
four item arrangements of each task were randoraly
signed to one of the four versions of questionisaisnd
varied between-subjects as indicated in the Mdsesac-
tion. Participants were instructed to work on a#iks in the
given order.

Results

For each task, we first describe haRONT assignments
were coded and then report participants’ prefergnce

Event-Moving Task. In this task, participants had to move
an event either forward or backward in time. Thepoamses
were coded as whether they indicated thRdNT of the
moving direction pointed towards the future or todgthe
past. For the items with “forward”-phrasing, thedow is
obvious: If, for example, Wednesday's meeting isvetb
“forward” to Monday, then the assignmentr&fONT and the
moving direction points pastwards. For items witha¢k-
ward’-phrasing, coding is reversed: If Wednesday&eting

is moved “backward” to Monday, then the assignmant
FRONT and the corresponding forward direction point fu-
turewards.

Each single item was tested first for potentialuenhces
of theorder of time scaledays first vs. hours first) and the
requestedmoving direction(forward vs. backward) on the
actually chosen direction (futurewards vs. pastsjpréio
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Table 2: FRONT assignments (%) in thevent-moving task

Single items

FRONT Concert Meeting Departure Power cut
pointing (N=77) (N=77) (N=77) (N=76) M
futurewards 63.6 71.4 58.4 68.4
pastwards 36.4 28.6 41.6 31.6
Future/past items of time scale
Days N=77) HoursK =76)
futurewards (abs.) 63.6 57.9 60.8
pastwards (intr.)  28.6 31.6 30.1
towards V (refl) — — —
away from V (trans.) 7.8 10.5 9.2

significant effects were found (aliG®<5.88; df=3;
p>.118). Across items, futurewards movements dorathat
(65.5% on average; Table 2, upper half).

Then, we determined for each of the two pairs efi
with the same time scale the patternFRONT assignments
that resulted from considering both the future past event
as pointing futurewards, pastwards, towards V @mts or
away from V (cf. Table 1). We checked whether trsrid
bution of the four patterns for the time scdbeysdiffered
from the distribution for the time scal®urs which would
be indicative of an influence of time scale on tenap
movements. According to a marginal homogeneity tesst
paired tasks, this was not the casi.(MH statistic= .906,
p = .365), thus justifying an aggregation across tihee
scales. Overall, the two linear patterns prevaigdar (Ta-
ble 2, lower half). The majority of participantsO(8% on
average) made futurewards movements, about ond

(30.1%) made pastwards movements, while of the tw

point-symmetric patterns, only the one with movitigec-
tions away from V (present) was chosen (9.2%).

thif

significant effects were found (aliG®<3.77; df=1;
p>.052). With some variation between events, theortg;
of responses indicated the#ONT of an event was assigned
to its beginning and pointed pastwards (83.6% arage;
Table 3, upper half). For the items with open farnmaain

65.5 effects of thephrasing were found G*>12.95; df = 1;
34 5 P<.001). Responses indicating theONT pointed past-

wards were more frequent when participants hagpézify
whether the target is “in front of” the referenceesmt
(100%) than when they had to specify whether thgetais
“behind” the reference event (76.4% on average;leT &b
lower halfy.

Finally, we determined how consistently the two Siole
FRONT assignments were made across the whole set of
items. To this end, we counted for each participaot
often FRONT pointed futurewards and how often it pointed
pastwardsFRONT assignments were highly consistent. Par-
ticipants used the same type of assignment on (88.71%)
of the 6 items. Overall, 65 participants (83.3%d lzapref-
erence for a pastwards directe®ONT and four participants
(5.1%) for a futurewards directe®RONT, the remaining 9
participants (11.5%) had no preference.

Taken together, the results from threler tasksupport the
idea thatFRONT of a time segment is at its beginning and
that it points towards the past, at least for nobshe partic-
ipants. While in this taskRONT assignments were assessed
indirectly from the order of events, the next tasiplicitly
asked participants to indicate the “front” or “b&céf
events, time units, and time in general.

Front Task. In this task, participants had to specify whether
“front” (or “back” respectively) of a temporal etytiis at its
beginning, at its end, does not exist, or somettetsgp.
.FRONT assignments were coded in four categories, with
GRONT pointing futurewards, or pointing pastwards, isno
existent, or something else (“other”). For the iseasking to
indicate the “front” of an event, coding is agabvimus:

Order Task. In this task, participants had to specify wheth-

er a target event is “in front of’ or “behind” afeeence
event. The responses were coded as whether theaied
thatFRONT of the reference event was assigned to the end
the event, and hence pointing towards the futuregpdhe
beginning of the event, pointing towards the pé&si. in-
stance, Good Friday is alwagatrlier in the year than Easter
Sunday. The response “Good Fridayinsfront of Easter
Sunday” therefore implies th&RONT of Easter Sunday is
assigned to its beginning and points pastwardsh Witch
as target event in reference to breakfast, codingldvbe
reversed: As lunch is tHater event, the response “Lunch is
in front of breakfast” implies tharRONT of breakfast is
assigned to its end and points futurewards.

Each item was tested first for potential effectdved fac-
tors on the codeBRONT of the event: therder of itemgfor
all 6 items) and either tharder of response optior{for the
4 items with forced-choice format) or thlrasing(for the 2
items with open format). For the forced-choice emo

Table 3: FRONT assignments (%) in th@der task

of Items with forced-choice format

FR_ON_T Lunch Good Friday New Year Stone Age

pointing (N=77) (N=78) (N=78) (N=78 M

futurewards  14.3 16.7 9.0 25.6 16.4

pastwards 85.7 83.3 91.0 74.4 83.6
Items with open format

FRONT Exam (N =41, 37) BirthdayN = 34, 35)

pointing In frontof Behind  Infrontof  Behind

futurewards — 21.6 — 25.7 11.6

pastwards 100.0 78.4 100.0 74.3 88.4

2 That references using complementary prepositisnsh(as “in
front of” vs. “behind”) need not result in perfgctomplementary
response patterns was also observed for the splatimain (e.g.,
Grabowski & Weil3, 1996).
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Choosing, for example, the beginning as the “frohthe

task didnot begin with the item on time in general. In the

event” implies thaFRONT points towards the past. For the other cases, a majority of participants indicateat some-

items asking to indicate the event’'s “back”, codiwgs
reversed: Choosing the beginning as its “back” iegpthat

thing like “front” does not exist. Among the tworections
future- and pastwards pastwards assignments again pre-

FRONT is assigned to the end of the event and points torailed (81.3%; 117 of 144 responses). This pattechudes

wards the future. Therefore, the response ‘ithek of a
meeting is at the summary” implies tHRRONT is assigned
to the beginning of the meeting and hence pointgatds
the past.

Each item was tested first for potential effectstioé
phrasingand theorder of itemsn the code@drRONT. A main
effectphrasingwas found in all cases (&” > 8.03;df = 3;
p < .046), a main effeadrder of itemsin three casedifg,

year, andtime G > 9.38;df= 3; p<.025), and an interac-

tion of the two factors in two casedirfner and Easter
G?>11.15df = 3;p < .011).

A joint log-linear analysis of the four event iterfraeet-
ing, dinner, Easter, and life) suggested that tbdetphras-

the item ontime in general. Futurewards direct&é&ONT
assignment, which was the prevailing pattern in gkient-
movement task (65.5%) (cf. Table 2), occurred yavdien
asked explicitly, and almost only when “back” had ke
indicated (6 of 37 responses = 16.2%).

Finally, we determined how consistently differerm- r
sponses were given across the whole set of itemghi
end, we counted for each participant how oftexONT
pointed futurewards, how often it pointed pastwaralsd
how often it was declared as nonexistent. Respowses
fairly consistent. Participants gave the same tgpee-
sponse on 6.37 (79.6%) of the 8 items. 29 partitipa
(37.2%) had a preference for a pastwards direeteaNT,

ing x order of itemswas the simplest model that fitted the and four participants (5.1%) for a futurewards cliee
data G* = 39.69;df = 36; p = .309), justifying the aggrega- FRONT, 31 participants (39.7%) were consistent in déutgr

tion across these items. As in the order task, siwzads

that something like “front” or “back” does not eixishe

directedFRONT occurred more frequently when participantsremaining 14 participants (17.9%) had no preference

had to specify the “front” of an event (as compatedhe
“back”), but this was the preferred response onhemwthe

Taken together, th&ont taskyields three results: First,
the high number of participants indicating that stimng

task didnot begin with the item on time in general (cf. Ta- like FRONT or BACK does not exist for temporal entities is

ble 4). In the other cases, the majority of papacits indi-
cated that something like “front” does not existnéng the

eye catching. Second, FRONT was assigned to an entity at
all, then it was assigned to its beginning and teainto-

two directionsfuture- and pastwards pastwards assign- wards the past. Finally, this tendency was alsadoior the

ments clearly prevailed (87.2%; 129 of 148 respshse
A joint log-linear analysis of the four time anditsritems
(day, month, year, and time) suggested again higatriodel

phrasingx order of itemswas the simplest model that fitted
the data G*>40.903;df = 36; p = .264), justifying to ag-

gregate the data across these items. The results quite
similar to those from the event items: The pastwadd

item representing time in general.

Discussion

Summarizing the findings across the three tasksepted
here, the results indicate a preference among speak
Norwegian for afuturewards orientation when “moving
forward” an event (about 60%), bupastwardsorientation

rected FRONT occurred more frequently when participants,,nen localizing earlier events as “before” lateremts

had to specify the “front” of an event (as compatedhe
“back”), but this was the preferred response onhem the

Table 4: FRONT assignments (%) in tHeont task

Order of items
Timeitem first Timeitem last

FRONT Phrasing Phrasing
(pointing) Front Back Front Back
Event items (meeting, dinner, Easter, life)
futurewards  — 7.4 25 15.2
pastwards 39.8 30.9 73.8 20.3
Nonexistent 51.8 50.0 13.8 53.2
Other 8.4 11.8 10.0 114
Unit items and time (day, month, year, time)
futurewards 2.4 13.6 — 20.0
pastwards 35.7 18.2 81.3 12.5
Nonexistent 53.6 51.5 18.7 65.5
Other 8.3 16.7 — 5.0

(about 80%). The latter is largely in line with te&plicit
assignment ofRONT to the beginning (rather than end) of
events and time units—in fact, even to time itsddis
assignments also depended on the order of itensoree
extent. These findings are surprising in at leaiste ways.
First, assignment ofRONT to temporal entities does not
seem to follow the same principles across taskenev
though they were aimed at tapping the same underlyi
concepts. This is not unexpected per se, as pewgyehave
more than one timeline (Miles et al., 2011; and Beader
& Beller, 2014, for a review of respective datagrél the
static versus dynamic nature of the tasks seemsai@ the
difference: While the pastwards orientation presaibr
fixed relations (revolving around the order or ataion of
events), the futurewards orientation takes overnuineve-
ment is involved. A similar pattern was observeddpatial
referencing, in a task where participants had tk pghe
“front” token (from a set of several tokens) andveat
“forward” by a given number of fields. In this cas®ONT
was assigned to the token and the movement in glivgr
ways: closer to Ego for the former, and away frogo Eor
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the latter (Bender et al., 2012). Since movemesdifitpro-
vides orientation, it may serve as a direct SOflmC&ERONT
assignment and thereby even override possibly ictinfj
orientations of the entities involved (Talmy, 200@)erest-
ingly, however, in the cases discussed here, theetidin of
movement is not specified beforehand, but é®asequence
of FRONT assignment. This suggests tRRONT assignments
follow different a priori preferences, but wheresk prefer-
ences are grounded in remains an open question.
Second, in the front task, time itself is treatéedilar to
the smaller unitsyear, month andday, which themselves
are treated similar to events in time. This appedrsedds
with the observation that for speakers of most laugs
(and especially English and related languagesiNT is
typically pointing towards the future (evidence snamized
in Bender & Beller, 2014). However, we hesitaténterpret
our current data as strong evidence to the confoarthree
reasons: The high proportion of “does not exisspanses
observed for all items alike hints at the posdipithat the
phrasings (i.e.forside andbaksidg have been infelicitous.
Even if one were willing to assign RRONT or BACK to a
virtual, one-dimensional notion as time, assigninwhole

This, we propose, renders the observed patternteencd
negotiation and consensus, and heneailtural phenome-
non.
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