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Abstract. In contrast to most research on spatial reference, the scenario in our 
human-robot experiments focuses on identifying rather than localising objects 
using spatial language. The relevant question in such a task is "Which" rather 
than "Where". In order to gain insights about the kind of language to expect in 
such a scenario, we collected participants' linguistic choices in a web-based 
empirical study. Spatial scenarios were presented that varied with respect to 
number, shape, and location of elements, and with respect to possible perspec-
tives. The linguistic analysis reveals that speakers adhere to underlying princi-
ples similar to those known for non-spatial object reference. If objects only dif-
fer in spatial position, a reference system and spatial axis is chosen that is 
suitable for contrasting the target object from competing ones. The exact spatial 
location is usually not specified if there are no competing objects closeby.  

1   Introduction 

Much research on spatial reference focusses on the ways in which human speakers 
describe the spatial relation between two entities in a given context, answering a ques-
tion like "Where is the object?" (e.g., the MPIP research reported in Levinson 2003; 
contributions in Olivier & Gapp 1998; van der Zee & Slack 2003). Spatial reference, 
however, is not confined to this area. In a different scenario, one of several similar ob-
jects needs to be identified on the basis of spatial location, due to the absence of other 
cues such as distinguishing features or perceptual salience. The relevant question in 
such a task is "Which" rather than "Where".  

Up to now, research in spatial cognition has largely neglected this area. It has, 
however, extraordinary relevance in a human-robot interaction context in which the 
artificial communicator is not capable of making fine perceptual distinctions or inter-
preting pointing gestures (Moratz et al. 2003). In such a context, it is highly advanta-
geous to be able to identify present objects on the basis of their spatial location alone, 
neglecting material-related differences that might be referred to by humans with more 
developed – and, importantly, shared – perceptual abilities. Thus, in the scenario we 
are interested in, there are several similar objects present together with an instructor 
and the instructee, usually a robot; the latter is instructed to move to one of the ob-
jects, specified on the basis of spatial position using projective terms, e.g.: "Move to 
the box on your right." 
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Identifying one of several similar objects in a spatial scenario differs in some basic 
respects from localising an already agreed upon object by specifying its position rela-
tive to another object. For instance, it should involve taking the overall configuration 
into account to a higher degree than in "Where" scenarios, in which other objects pre-
sent can usually be ignored (or are simply absent in experimental settings). In con-
trast, "Which" questions presuppose (shared) knowledge of the situation to such a de-
gree that the target object can be distinguished sufficiently from all other competing 
objects in the scenario, making the choice of spatial reference highly dependent on the 
number and arrangement of objects present. 

Since the question of how objects are singled out of several candidates using refer-
ence to spatial position has largely been disregarded so far, there is a gap in our 
knowledge with regard to the linguistic variability in such a situation, and with regard 
to how different situational contexts and conditions influence speakers' choices. In or-
der to fill this gap, we collected spatial instructions of the above-mentioned kind (an-
swering a "Which" question on the basis of spatial location) in a web-based empirical 
study (presented in this paper) employing native speakers of English.  

This study is part of the empirical work carried out in the SFB/TR 81 project I1-
[OntoSpace] in order to investigate speakers' choices in different scenarios, supple-
menting various kinds of real-world experiments in human-robot interaction (HRI). 
On the basis of the empirical results, a flexible spatial ontology is being built in order 
to be employed in the HRI environment, which itself is continuously being improved 
by the work of other SFB/TR 8 projects. The study presented here was designed to 
provide insights about the range of linguistic variation (in English) to expect in a sce-
nario that is comparable to our HRI settings as far as possible, and investigate under-
lying principles to which speakers may adhere.  

1.1   Contrastive Spatial Reference 

Spatial Localisation. A large body of research in the area of spatial cognition is de-
voted to the identification of spatial reference systems employed by speakers in order 
to localise an object in a spatial setting (e.g., Carlson 1999; Taylor et al. 1999; Bryant 
et al. 2000). Projective spatial expressions specifying the reference (half-)axis (e.g., 
left, right, in front, behind) together with a relatum and a perspective are the typical 
ingredients needed in order to specify a spatial relation. The perspective employed 
can be based on three kinds of origin (Herrmann 1990): speaker, listener, or a further 
entity (as in: "Coming out of the church, the bus station is on the right"). Likewise, 
speaker, listener, or a third entity (such as a landmark) available in the current context 
can serve as relatum. The conflation of point of view (origin) and relatum leads to the 
kind of reference system called intrinsic (e.g., by Levinson 2003), while in a relative 
reference system origin and relatum are distinct. Furthermore, internal vs. external 
relationships need to be distinguished (Herskovits 1986), the former specifying object 
parts where other objects can be located inside of other objects. Note that choice of 
perspective also plays a role here (cf. Retz-Schmidt 1988), since objects can be 
                                                           
1  Transregional Collaborative Research Center SFB/TR 8 Spatial Cognition: Reasoning,  

Action, Interaction (Bremen / Freiburg, Germany), funded by the DFG. 
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viewed from the outside (such as a picture, where the left side depends on the ob-
server's viewpoint) or from the inside (as is usually the case when talking about the 
internal parts of a person; but it can also be true for objects that can be occupied by a 
person, such as a car). This difference is often referred to as handedness in the litera-
ture (e.g., Levinson 2003).  

If there are several objects of the same class present, it is furthermore possible to 
use the whole group of similar objects as a relatum. This option is called group-based 
reference by Moratz (Moratz & Fischer 2000). In contrast to  situations where the 
relatum is an object of a different kind (here called landmark-based relative reference 
system), in a group-based relative reference system the relatum consists of one or 
several objects of the same kind as the target object.  

Now, the question arises whether language directly reflects reference systems. For 
instance, it has been claimed (Eschenbach 2004) that German spatial adjectives like 
link- (left) can only be employed when there is at least one other object of the same 
class present. However, first results of our spatial human-robot interaction experi-
ments (Tenbrink & Moratz 2003) show that more complex factors come into play. 
With regard to the external/internal distinction, Herskovits (1986:173f.) presents an 
overview of the range of linguistic options. Intuitively, for instance, in the left/right 
can only be used for the interior of objects, i.e., for internal object parts, while to the 
left/right is only used for external relationships. But in most cases, the language used 
for different reference systems is more or less the same: e.g., on the left/right can be 
used for external as well as internal relations, and above is used for gravity-based as 
well as intrinsic interpretations (Carlson 1999). In general, relative and intrinsic refer-
ence systems cannot be distinguished on the basis of the linguistic form alone. Speak-
ers have to provide additional linguistic material if they wish to specify information 
about underlying reference systems, e.g., by explicitly mentioning the relatum or the 
point of view. However, the fact that the same linguistic form can correspond to a va-
riety of underlying reference systems does not necessarily cause ambiguity in inter-
pretation, as will be seen in the analysis below.  

In addition to the reference systems in which projective expressions are employed, 
there are further options of spatial reference available: for instance, speakers can refer 
to absolute reference systems such as the earth's cardinal directions (e.g., north and 
south), using different linguistic material. Absolute systems, however, are usually 
dispreferred in small-scale (indoor) scenarios in Western countries (as opposed to 
some other cultures, see Levinson 2003). Furthermore, speakers can apply different 
(non-projective) kinds of spatial reference terms, for example, distance-related ex-
pressions such as close or near. 

In order to specify the semantics of projective terms, applicability areas have been 
identified (e.g., Herskovits 1986; Franklin et al. 1995; Gapp 1995; Carlson-
Radvansky & Logan 1997; Carlson et al. 2003). For instance, the expressions left and 
behind can be used straightforwardly for 90° and 180° angles, respectively. However, 
the more the angles between the target object and the relatum depart from these focal 
axes, the more linguistic modifications are used for specifying the spatial relation. 
Simple expressions are acceptable and applicable in a certain range; outside this range  
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compounds or modifiers such as left front or a little bit to the left are more typical 
(Zimmer et al. 1998). Vorwerg (2001) describes in detail the graded typicality struc-
ture of spatial expressions as categories on the basis of psycholinguistic experiments 
in which participants are asked to point out the "best fitting" expression for a given 
spatial relation, to place an object on the basis of a spatial description, etc. 

Task Dependency. Psycholinguistic experiments such as those designed for  
highlighting the graded structure of projective terms usually do not test for choices 
speakers make in actual discourse, which naturally depend on the level of specificity 
needed in a specific discourse situation. If a vague characterization of the spatial rela-
tionship is sufficient, applicability areas for simple expressions might be much larger 
than in a different context where a precise description is vital (as in Zimmer et al. 
1998, where the interlocutor needs to find a hidden element on a screen), or where the 
"best fitting" expression is to be identified (Vorwerg 2001). Thus, an important factor 
is the motivation why a spatial relation should be described at all (in other words, the 
question under discussion). Many different kinds of motivations occur in actual  
discourse, resulting in diverging usages of spatial expressions. In route descriptions, 
for example, typically a goal location is described via reference to streets and land-
marks which can be easily identified in the real world (e.g., Tversky & Lee 1998). 
There, salience and dimension of buildings play a role in the choice of landmarks; 
spatial relations are often sufficiently outlined via simple and vague expressions. Such 
a scenario differs fundamentally from psycholinguistic spatial localisation experi-
ments where participants are asked to specify an entity's location relative to another.  

Descriptions of spatial relations can also be used as a means of identifying – or find-
ing – a target object, such as when a "Where" question is posed in order to identify the 
correct target object out of several possibilities. Thus, describing a non-prototypical spa-
tial relationship via a simple expression like left can be sufficient in a context where 
there are no competing objects in the left region of the relatum. An everyday example 
may illustrate this: "Where is the key?" can be answered sufficiently by a vague expres-
sion like "Left of the cup" no matter what the precise spatial relationship between the 
objects is, if there are no other keys closeby. Ultimately, the target object can be identi-
fied by establishing sufficient contrast to competing objects, similar to scenarios where 
"Which" questions are asked. The latter are the target of the present research since they 
are specifically suited for singling out a target object in contrast to other candidates.  

The present research is motivated linguistically, addressing the pragmatics of spa-
tial communication as well as assessing the range of linguistic options for the human-
robot interaction scenarios targeted in our research group. In contrast to typical psy-
chological interests and standards we wish to leave as much freedom to our partici-
pants as possible in order to learn about their intuitive linguistic strategies (cf. Fischer 
2003), since in our project we aim at enabling robots to interpret spontaneous utter-
ances correctly. However, some important basic hypotheses are inspired by previous 
psycholinguistic studies on (non-spatial) object reference. These findings will be ex-
amined next. 

Contrastive Object Reference. In their seminal work on object reference, Herrmann 
& Deutsch (1976) formulated principles of greatest distance, dimension preference, 
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redundant verbalisation, and partner-adapted verbalisation. These principles capture 
that speakers, in choosing a reference strategy in an object identification task with 
several different objects, usually do at least the following: 

First, they analyse the target object with respect to properties that can establish a 
(maximum) contrast to competing objects. Thus, if there are two black boxes of differ-
ent size, the speaker chooses size for object reference. In case of several properties in 
which the objects differ, the speaker chooses the property where the distance to the 
competing object is most obvious. Thus, if there are two boxes, one of which is very 
small and dark blue, while the other is very big and black, size – rather than colour – 
will be chosen for reference (greatest distance). Individual preferences also play a role, 
especially if the distances are viewed as equal (dimension preference).  

Second, the speaker encodes as many properties as needed for unambiguous object 
reference, but usually not more, being economic (cf. Grice's maxim of quantity, Grice 
1975). But if the object reference task is complicated by the availability of multiple 
options, minimal differences in distance, and equal levels of dimension preference, 
speakers may encode more properties than needed (redundant verbalisation).  

Third, speakers adapt to their interaction partner's view of the situation, taking into 
account cognitive and social distinctions, etc. (partner-adapted verbalisation).  

Herrmann & Deutsch are exclusively concerned with object reference in non-
spatial settings, designing their experiments purposively in a way that spatial refer-
ence is ruled out. In the present work, the opposite is the case. Target objects differ 
from competing objects only in spatial position; objects of a different class may also 
be present, serving as possible relata for reference. Nevertheless, the principles estab-
lished by Herrmann & Deutsch can be applied to spatial scenarios, motivating hy-
potheses that can be approached by linguistic analyses of the data collected in the web 
study (though it cannot be expected, given the kind of open scenario adopted, that 
they will be verified conclusively). The main research question posed here is:  

What principles of object reference apply when only spatial reference is available?  

Herskovits (1986) noted that, although the graded structure of projective terms ap-
plies in most communicative contexts, there are situations in which an expression like 
to the right, without modification, is capable of denoting the full right side (i.e., a  
half-plane) with respect to the relatum (p. 182): "[T]he loosest interpretation of the 
preposition is adequate, provided that obvious contrasts in the context allow the  
expression to fulfill its function of identifying the place of the located object." This 
applies if there are no competing objects in the same spatial region. In case of the 
presence of further objects within the half-plane, unmodified projective terms can 
nevertheless be employed for contrastive reference. In that case, Herskovits' shifting 
contrast near principle applies (p. 81): "If two objects, A and B, are placed in a rela-
tion to a reference object in such a way that the ideal meaning of a preposition (…) is 
truer of A than of B, then one can use that preposition to discriminate A from B  so 
that the locative phrase will be assumed true of A but not of B." For instance, if to the 
left is "truer" of A than of B, i.e., A is closer to the left reference axis than B is, A will 
be recognized as the target object even if to the left could also be applied to B.  

Starting from these observations more concrete research questions can be formu-
lated as follows.  
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How do speakers choose a reference system and point of view? If a partner is present 
it can be expected that participants will often choose their partner's perspective, espe-
cially if the partner is expected to act (Herrmann & Grabowski 1994:123), and that 
speakers will adapt their utterances to their interlocutor's in various respects (Clark 
1996; Pickering & Garrod in press), for example with respect to the choice of refer-
ence systems (Watson et al. 2004). These findings further specify Herrmann and 
Deutsch's above principle of partner-adapted verbalisation. But the literature does not 
provide much evidence with respect to which reference systems are preferred if sev-
eral options are available in an object identification scenario. This is so in part be-
cause such scenarios have not been in focus very often in spatial cognition research, 
and specifically, group-based reference has hardly been mentioned in the literature so 
far at all. Likewise, little can be said for the case of several options for perspective 
when there is no interaction partner. The present hypothesis is that the identification 
task – requiring reference on the basis of spatial contrast – plays a role in the decision, 
since situations may arise in which one kind of reference system or perspective en-
ables a clearer contrast than the other ones available. On the grounds of Herrmann & 
Deutsch's principles, this means that, in addition to adapting to their interlocutor, 
speakers choose a reference system and perspective that is suitable (just as a unique 
object property is) for distinguishing the target object from competing ones. 

How do speakers choose a reference axis? Within a reference system, the frontal 
(front/back), the lateral (left/right), and the vertical (above/below) axes are available 
for reference. With "Where” questions, the reference axis is chosen that the target ob-
ject is closest to. But in contrastive reference, this may not yield unambiguous refer-
ence. It is hypothesized here that competing objects play a role in deciding about a 
reference axis: A reference axis is chosen that is best suitable for distinguishing the 
target object from competing ones, considering the principle of greatest distance. 

How explicit are speakers about underlying reference systems and origins? The 
situation may offer various reference systems yielding similar results (e.g., Carlson 
1999): in some situations, to the left could equally well be used for an intrinsic refer-
ence system conflating origin and relatum, for a group-based reference system using 
the other objects as relatum, and for a landmark-based relative reference system. In 
such situations, to the left can simply be used without further specification since no 
conflicts arise. Similar observations apply with respect to the chosen point of view 
(origin); if several options are available yielding no difference people do not need to 
provide an expression like "from my point of view". In intrinsic reference systems, 
the origin is often specified because it coincides with the relatum, as in "in front of 
me". The interesting case is when different reference systems and points of view 
yield different results, so that to the left can be interpreted in different ways. 
Herrmann & Grabowski (1994:132) state that speakers are usually not explicit with 
regard to the perspective used. This may be because they tacitly assume that the  
interlocutor will understand the intended meaning even without the additional effort, 
since perspective needs to be expressed by additional linguistic material and since 
the partner's perspective is (in many situations) conventionally preferred. But with 
respect to reference systems, no such conventions are known so far. Thus, it is hy-



130 T. Tenbrink 

 

pothesized here that relata – but not necessarily origins – will be made explicit in 
case of potential conflict.  

Under what circumstances do speakers modify and combine projective terms? With 
"Where" questions, speakers increasingly use modifiers and compounds as distance to 
the reference axis increases. According to Herskovits (1986) this is not expected in 
identification tasks (see above). Likewise, Herrmann & Deutsch's principles predict 
that speakers will not provide more information than needed, unless several options 
with equal properties compete. Thus, it is hypothesized that speakers use a projective 
term without modification or combination with another projective term in case there 
are no competing objects for which the same description applies to the same degree. 
If the target object is placed where it could equally well, and equally unambiguously, 
be referred to by two terms, such as to the left and in front, both may be combined. 

2   Empirical Study 

In order to address the above research questions along with the more basic aim of as-
sessing the linguistic range of variety in settings involving contrastive spatial object 
reference, we collected linguistic data in a web-based empirical study. A major ad-
vantage of this approach is that large amounts of native speaker data can be collected 
with very little effort. On the other hand, since no clarification questions can be asked, 
there is a higher potential for misunderstandings. Furthermore, participants can vary 
factors about their participation, such as distraction, pauses between tasks, advice by 
other people, etc., which are controllable only in a setting involving the co-presence 
of experimenter and participant. They may also answer untruthfully to questions 
about their person regarding age, gender, language skills, etc, and they may re-start 
and participate several times. Further evaluation of advantages and limitations of web 
experiments can be found in Reips (2002). At the present stage, the advantages out-
weigh the disadvantages especially in light of the fact that most of the uncontrollable 
aspects are not considered to be central influencing factors. Nevertheless, in subse-
quent studies a higher degree of control is desirable, which presumably entails the 
participation of a smaller number of speakers.  

Since the web-based study was carried out in order to establish a corpus of natural 
language data, in the analysis conventional methods of corpus linguistics are em-
ployed. The main focus is on the identification and description of qualitative struc-
tures in data collected in an open setting, supported by relative frequencies of usage. 
No statistical measures are computed because of the open setting and the large 
amounts of variation and potential interdependencies that render pairwise compari-
sons statistically less reliable. The present aim is to point to a number of systematic 
patterns that can be subsequently validated by more controlled experimentation. 

2.1   Method 

Speakers of English were asked via mailing lists and personal communication to par-
ticipate in a web-based empirical study accessible at www.language-experiments.org 
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between September 23rd and December 31st, 2003. Participation was voluntary and 
not paid for. Altogether, approximately 200 self-assessed native speakers of English2 
participated. Their contributions show that there were very few problems in interpret-
ing the instructions. Since the qualitative analysis was non-automatic and therefore 
time-consuming, not all of the data could be analysed exhaustively. Therefore, a tar-
get number3 (60) of utterances for each single analysis was chosen that was consid-
ered sufficient for a fairly broad and informative exploration of the range of variety 
and underlying principles of speakers' choices4. The contributions of native English 
speakers were extracted at random out of the collected pool of data, annotated using 
the text markup tool Systemic Coder5 version 4.5, and analysed linguistically. For 
each situation, the preferred linguistic options were identified and analysed with re-
spect to the above research questions. Furthermore, differences between situations 
were examined by comparing frequencies of linguistic categories.  

Each of the participants answered 15 different randomly assigned questions6 in 
randomized order7 out of a pool of 21 possible tasks which cover a range of different 
scenarios. A selection of the 21 tasks is analysed in this paper in order to examine the 
impact of specific changes in the scenario. They belong to four conditions that differ 
with respect to the possible perspectives on the configurations. Randomizations of 
tasks are only inside conditions, treating the conditions 3 and 4 as one category. In 
each condition, the same situations are shown (see Fig. 1 below). In the simplest sce-
nario, S (situation) 1, three identical squares are located in a row, enabling unprob-
lematic group-based reference. S2 shows the same scene except that the middle ele-
ment is not a square but a circular element8, providing a further option for the choice 
of a relatum, i.e., an element of a different kind. S3 presents only two elements in a 
spatial relationship that does not correspond to any of the focal axes in any kind of 
reference system. Thus, linguistic modifications can be expected here. Furthermore, 
especially in the conditions that include a viewer, it is hypothesized that the option of 
a group-based reference system is not available. Thus, the three configurations offer a 
range of spatial relationships that can be conceptualised and referred to in various 

                                                           
2  Since also non-native speakers were asked to participate the overall number of participants 

was much higher. Age was asked for in a questionnaire but not provided by many partici-
pants; those who stated their age were predominantly between 15 and 50 years old, which 
corresponds to the target of the experimental design. Since there are no hypotheses regarding 
the impact of age in adult speakers, age effects and distribution are not considered further. 

3  As will be seen below, this number was deviated from in the analyses of S2(C4) and S2(C3). 
4  Since not all participants completed all tasks, the tasks were partly completed by the same 

persons and partly by different ones. In treating the data as a corpus this unfortunate 
circumstance is regarded as marginal for the present kind of analysis.  

5  Available freely at http://www.wagsoft.com/Coder/index.html. 
6  The decision to limit the number of tasks for each participant to 15 was taken in order to 

minimise the time and effort required for participation. 
7 Effects of order were also not computed in the present analysis, since they are regarded as a 

non-trivial additional factor that needs to be treated with specific care. Randomization guar-
antees a fairly even distribution of task positions.  

8  This term is here used by way of contrast to the marking of the goal element by a circular 
line. The participants naturally used circle to refer to the circular element. 
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ways. This variability is further enhanced by the options of perspective, which are 
varied by the four conditions as follows.  

Outside View. In the first condition, participants are presented with pictures that only 
contain squares and circular elements in the three configurations as depicted in Fig. 1, 
but without the X. In each picture, one of the elements is marked by a circle. The 
question to be answered by the participants is simply, "Which element of the picture 
is marked with a circle?" In this condition, the only available view direction is pro-
vided by the fact that the participants look at a picture on a screen (outside perspec-
tive). Concerning reference frames, one option is to use the picture itself as a relatum, 
applying the projective terms for the internal parts (regions) of the picture. Another 
option is to use a relative reference system employing either (some of) the other ob-
jects as a group relatum, or the circular element (if present) as a landmark relatum. 

           

Fig. 1. Three situations S1, S2, and S3 (Condition 2: Inside view) 

Inside View. In the second condition, an X appears in the picture in addition to the 
elements (Fig. 1). The instruction is, "Now imagine that you are looking at the figures 
from the position marked X. How do you describe now which element is marked with 
a circle?" This condition departs from the previous situation in that the participants 
are asked to imagine themselves inside the picture. Thus, the origin in their reference 
frames is supposed to be X directed towards the objects, but the outside perspective is 
still available. The reference frames available are those known from condition 1 plus 
intrinsic or relative reference systems specifying the target object's position relative to 
X, either from the imagined view direction of X or from the outside perspective. 

Partner View. The third and fourth condition were designed to simulate a real world 
setting as much as possible, in order to represent the human-robot interaction settings 
that we use in our project. Now, the position of an interaction partner, Y, is added in 
the pictures. Additionally, both X and Y are assigned a clear view direction. In condi-
tion 3, X has the same position as in the inside view condition, and Y is positioned at 
a 90° angle with respect to view direction. In condition 4, the positions of X and Y are 
reversed. In each case, the participants read "Finally, please imagine that the figures 
are real world objects. You are located at X, and now your task is to instruct person Y 
to go to the object marked with a circle. A star  shows the direction each of you is 
facing in." Figures 2 and 3 show the two pictures of these two conditions that are ana-
lysed in the present paper.  

X X

X 
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Fig. 2. S2 in cond. 3, partner view  Fig. 3. S2 in cond. 4, reversed partner view 

Thus, in these conditions view directions are given explicitly, and the participants 
are asked to imagine a dialogue situation. However, since there is no real interaction 
and no feedback from the interaction partner, grounding and alignment processes such 
as those described in Clark (1996) and Pickering & Garrod (in press) are ruled out, 
similar to imagined-partner experimentation as reported in Herrmann & Grabowski 
(1994). The instructional task differs slightly from the previous ones. This situation 
requires a lot of imagination by the participants; therefore, tasks in condition 3 and 4 
are presented only after the first two conditions. Now, in addition to the origins and 
reference frames available in the previous conditions, there is the option of using Y as 
origin or relatum, or both.  

2.2 Results 

In a first examination of the data, 12 main linguistic categories were identified that 
occur frequently across contexts, covering the variability in utterances that refer to the 
goal object. These categories were used for a detailed analysis in order to examine the 
question how speakers choose reference terms in a variety of situations. The follow-
ing list provides an overview of the categories together with the abbreviated reference 
term used in later sections. Note that the categories 1-11 always presuppose the pres-
ence of projective terms, which are the main focus of the present analysis, while 12 
and 13 do not.  

1. The projective term is a noun in a prepositional phrase and is neither modified nor 
further specified by providing information on the relatum, as in "The square on the 
right": Unmodified noun-in-pp 

2. As before except that now the relatum is specified, either by another prepositional 
phrase, as in "to the right of the circle", or by a possessive, as in "to my right": 
Unmodified noun-in-pp plus relatum 

3. The projective term is an unmodified adjective, stand-alone expression, preposi-
tion, or adverb (excepting handedness adjectives), e.g., "right (square)" or "the one 
above": Unmodified adjective / prep / adv 

4. The projective term is an unmodified handedness adjective, as in "right-hand 
square": Handedness adjective 

5. The projective term is a superlative (rightmost square): Projective superlative 
6. Two projective terms of any kind are combined, as in "top left", "upper left", or "at 

the top left": Combination  

Y
X 

X 

Y 
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7. The projective term is modified by a term denoting distance, as in "The one  
furthest to the right" or "The square on the far right": Modification-distance 

8. The projective term is a noun in a prepositional phrase and is modified by  
counting9 ("The third square on the right"): Modification-counting 

9.  The projective term is a noun in a prepositional phrase and is modified by a  
precisifying adverbial ("the square just to my right"): Modification-precisification 

10.The projective term is part of a complex description combining several kinds of 
modification, as in "Go to the cube just in front of you to the right, before the 
sphere": Complex-description 

11.A comparative relating to height is used, such as "the higher square": Comparative 
12.A non-projective term is used that relates to distance, either as comparative ("the 

farther square") or as superlative ("farthest"): Distance-related 
13.Other (mostly other kinds of non-projective expressions). 

The distinctions are made on the basis of grammatical differences, principally in-
duced by various kinds of modifications of the projective terms. Category 3 subsumes 
some forms because they occur only infrequently and in similar situations. This find-
ing corresponds to the assumption that the different syntactic forms of projective 
terms do not necessarily reflect semantic differences (cf. Miller & Johnson-Laird 
1976, Coventry & Garrod 2004). Nouns in prepositional phrases (cat. 1) are treated 
separately for three reasons: First, in the present data they occur frequently and in  
different situations than the occurrences subsumed in 3. Second, they involve a more 
complex linguistic construction than those in 3, containing a preposition that may  
itself contribute semantic content. Third, they can take an additional prepositional 
phrase or a possessive that specifies the relatum. This option is distinctly categorised 
as 2. Prepositions and adverbs such as above can also occur in constructions that  
inform about the relatum, but because they occur only very infrequently in the data 
this option is not assigned a distinct category. Handedness adjectives are treated sepa-
rately because they appear fairly frequently in some configurations, and they may in-
duce a semantic difference by implying a human-like origin.  

The utterances are also analysed with respect to the choice of axes, perspectives 
and relata. However, as pointed out above it is assumed here that there is no one-to-
one correspondence between linguistic surface forms and reference systems. Since 
utterances are in many cases underdetermined with respect to the underlying  
perspective and the intended relatum (as will be exemplified in some detail below), 
these two categories are coded with respect to all possibilities that are recognized to 
be compatible with the task. Since, as the present data show, participants are often 
creative in their conceptualisations of the spatial scenes, it is even possible that  
additional interpretations would yield the same results, so that the percentages listed 
should be regarded as tentative, only reflecting a lower limit. Note that this kind of 
underspecification usually does not result in ambiguity in referential identification of 
the target element, since this involves different interpretation processes than identifi-
cation of the reference system or perspective. - Choice of axis and perspective do not 

                                                           
9  This is exceptional since a short general introduction given to the participants before starting 

with the pictures explicitly stated that counting should be avoided.   



 Identifying Objects on the Basis of Spatial Contrast: An Empirical Study 135 

 

apply for distance-based descriptions, but also there, a relatum may or may not be 
given explicitly. 

The following situations are analysed: Condition 1 (C1): S1, S2, S3; Condition 2: 
S2 and S3; Condition 3: S2; Condition 4: S2. While the pool of collected data  
contains many more situations, this selection enables the systematic comparison of 
linguistic choices in situations that differ with respect to only one factor.  

Overview of Results. Table 1 below summarizes the results of the linguistic analyses, 
providing the percentage of frequency of the various linguistic categories occurring in 
each situation under analysis. N is the analysed number of utterances containing  
projective terms in each situation. In cond. 1 and 2, 60 utterances were examined in 
each task under analysis, very few of which do not specify the target object directly 
by projective terms. In S2(C4) and S2(C3), in contrast, a high percentage of contribu-
tions do not refer directly to the goal element. These are not represented in the table 
but treated separately below. 

Table 1. Variability in goal-related utterances (% in each task) 

Task  
 

S1(C1) 
(N=60) 

S2(C1) 
(N=60) 

S3(C1) 
(N=60) 

S2(C2)  
(N=60) 

S3(C2)
(N=59) 

S2(C4)  
(N=51) 

S2(C3)   
(N=57) 

Linguistic category 
unmodified 
noun-in-pp  

20.0 28.3 10.0 28.3 13.6 11.8 - 

unm. noun-
in-pp + relat 

- 8.3 - 16.7 22.0 56.9 5.3 

unmod. adj., 
prep./ adv. 

11.7 13.3 35.0 16.6 22.0 2.0 - 

handedness 
adj. 

6.7 10.0 - 6.7 - - - 

proj. superl. 35.0 23.3 6.7 15.0 1.7 9.8 3.5 
combination - - 40.0 13.3 20.3 2.0 - 
mod.-dist. 21.6 15.0 1.7 - - 11.8 3.5 
mod.-
counting 

1.7 - - - - - 7.0 

mod.- pre-
cisification 

- - - - 1.7 - 8.8 

complex 
descr. 

- - - - - 2.0 14.0 

comparative - - 5.0 - - - - 
distance - - - - 13.6 3.9 57.9 
other 3.3 1.7 1.7 3.4 5.1 2.0 - 

Perspective 
outside view  96.7 100 100 76.7 18.6 33.3 - 
X's persp - - - 100 83.0 - - 
Y's persp - - - - - 96.0 42.1 
explicit - 1.7 - 23.3 40.7 62.7 36.8 
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Table 1. (Continued…) 

Task  
 

S1(C1) 
(N=60) 

S2(C1) 
(N=60) 

S3(C1) 
(N=60) 

S2(C2)  
(N=60) 

S3(C2)
(N=59) 

S2(C4)  
(N=51) 

S2(C3)   
(N=57) 

Spatial Axis 
only lateral  96.7 100 11.7 83.3 54.2 90.2 35.1 
only frontal  - - - - 1.7 - 1.8 
only vertical - - 46.7 1.7 6.8 - - 
lat. & front. - - - 10.0 6.8 2.0 5.3 
vert. & lat. - - 38.3 3.3 10.2 2.0 - 
compass dir. - - 1.7 1.7 3.4 2.0 - 

Relatum 
int. regions 96.7 88.3 98.3 66.7 13.6 25.5 1.8 
group 96.7 88.3 88.3 66.7 13.6 27.5 1.8 
landmark10 - 66.7 - 46.7 - 15.7 1.8 
X - - - 98.3 96.6 5.9 5.3 
Y - - - - - 86.3 94.7 
explicit - 11.7 6.7 25.0 49.2 72.5 83.9 

In conditions 3 and 4, the perspective of Y (the "interlocutor") is consistently used, 
never that of X. This results in S2(C4) being more similar to S2(C2) than S2(C3) is, 
with regard to the origin's position. Therefore their order is reversed in the analysis. In 
the following, each of the above research questions is addressed separately.  

Choice and Explicitness of Point of View.  In condition 1, all projective expressions 
are based on the participant's outside view on the picture (the only available option), 
which is made explicit only once through all three situations examined. Note that the 
linguistic construction used for making perspective explicit is fairly complex, which 
may be a reason why it is the only such specification: "If I am viewing the picture as 
if it were a picture hanging on a wall, the answer is the left most square".  

 In S2(C2), all utterances are consistent with the perspective of X (as requested in 
the instruction to the participants), although the outside perspective is also available. 
21.7% explicitly use this perspective by specifying X as the relatum, using an intrinsic 
reference system (e.g., "the one to my right"), where the relatum is identical to the 
origin. The other utterances are consistent both with the perspective of X and with the 
outside view, so that it cannot be decided which perspective is actually used. This 
does not, however, impede interpretation because none of the other elements could be 
referred to in this way in the present situation.  

The second situation in condition 2, S3(C2), poses a challenge for the participants 
because the view direction is less clear than in the other scenarios, where all objects 
are placed together at one side of X. Here, in contrast, "looking at the elements" (as in 
the instruction) leaves some freedom for interpretation. The participants are clearly 
aware of this problem and therefore develop interesting strategies. One explicitly 
states that it is impossible to give an answer since the view direction of X is unknown; 
                                                           
10  Utterances like "to the left" are coded as consistent with a landmark-based reference system 

because they could be expanded to "… of the circle", while "lefthand" and "leftmost" are not.  
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therefore, only 59 utterances are analysed. In contrast to the other tasks in conditions 
1 and 2, in S3(C2) as many as 10 utterances (16.9%) are not projective; 8 of these rely 
solely on distance, using expressions such as "farther" or "furthest from me", which 
are independent of the view direction. This strategy circumvents the perspective prob-
lem. Another strategy is to avoid ambiguity via choice of axis (see below). 

In conditions 3 and 4, all utterances containing projective terms are consistent with 
the perspective of Y, though in S2(C4) this view direction coincides with the outside 
view as in S2(C2) above. Therefore, in one-third of these cases perspective cannot be 
determined although the descriptions are not ambiguous. In the other cases, perspec-
tive is specified by mention of the relatum, as in "Go to the square on your left".  

Choice and Explicitness of Reference Systems. A frequent linguistic option is the 
usage of a projective term as an unmodified noun in a prepositional phrase, such as 
"the one on the right". Here, the underlying reference system is underdetermined if 
the relatum is not made explicit, which is mostly the case in tasks S1(C1), S2(C1), 
and S2(C2). It could then be either group-based relative (in case the utterance was 
continued as "… of the other elements"), landmark-based relative ("… of the  
circle"), picture-based ("… of the picture") or intrinsic ("… of X (or Y)"). If the  
underlying reference system does not yield any difference in interpretation, further 
explication is not necessary, and accordingly does not occur at all in S1(C1). In the 
similar situations S2(C1,C2,C4) the relatum is mentioned increasingly often with in-
creasing alternative possibilities. In S2(C4), as many as 72.5% explicitly use Y as re-
latum, as compared to 11.7% in S2(C1) and 25.0% in S2(C2). This difference is ex-
plained through the fact that there is a true alternative interpretation in S2(C4), 
namely X as relatum and origin, while in S2(C1,C2) all other options do not yield a 
different interpretation.  

The circular element (landmark) is explicitly used for reference in 11.7% of utter-
ances in S2(C1), but only in 1.7% of all utterances in S2(C2), 5.9% in S2(C4), and 
1.8% in S2(C3). This leads to the hypothesis that objects of a different kind are not 
necessarily favoured as relata, depending on the situation.  

In S3(C1), as in S1(C1), differentiating between picture-internal and group-based 
reference systems is not necessary, since both interpretations yield the same results. 
Accordingly, they are not specified except for a few utterances that refer to the pic-
ture's corner. In S3(C2), in contrast to the other tasks analysed so far, the different 
available reference systems yield different spatial regions. Here, the relatum is speci-
fied in half of the utterances, assisting interpretation.  

Choice of Reference Axis. In S1/S2(C1), all utterances rely on the lateral axis. In 
S2(C2), 83.3%, and in S2(C4), 90.2% of all utterances use the lateral axis as the sin-
gle axis for reference. This clear result is not surprising since the second axis is only 
available when using the X (in C2) or Y (in C4) as a relatum, while in group-based 
reference or using the picture's internal regions only one axis is available. This axis 
coincides with the axis that is most suited to distinguish between the objects also 
when X (or Y) is used as relatum, since in that case, all three elements are located 
above or in front of the relatum, but only one (the target object) is located on the right. 
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Thus, it is surprising that one participant wrote "the element above", since this is not 
informative (i.e., unambiguous) in this situation. 

In S3(C1) where the target object is located diagonally between the focal axes, in-
terestingly more than half (59.3%) of the projective utterances rely on one single axis 
for reference. In these cases, the axis is obviously chosen for establishing a contrast to 
the other element in the picture, which is not located on the same half-plane, instead 
of describing the exact spatial location. Whenever only one axis is used there is a 
clear preference for the vertical axis (80% of utterances using only one axis, as com-
pared to 20% that use only the lateral one). This can be explained by way of 
Herrmann & Deutsch's principle of greatest distance: The target object is located just 
a trifle more clearly in the upper part of the picture, and above the other object, than it 
is on the left. Another explanation is that the vertical axis is more salient than the lat-
eral, as has been claimed time and again in the literature (e.g., Bryant et al. 2000). 

In S3(C2), there is a high heterogeneity in participants' choices even though the 
situation contains only two elements. Nevertheless, some systematic preferences can 
be identified: if only one axis is used, the target element is preferably referred to as 
"right" (44.1% as opposed to 1.7% referring to the "front") even though it is not situ-
ated close to the right focal axis with respect to X (and not at all when using the out-
side view). Rather, it is situated between the right and front axes of X, even closer to 
the front axis than to the right one. But, unlike "to the right", "in front" could, in a dif-
ferent interpretation, also refer to the competing object. Furthermore, since the 
competing object is located clearly on the left with respect to the lateral axis, but only 
in the middle with respect to the frontal one, the lateral axis provides a clearer 
contrast. Thus, as hypothesized, reference systems and spatial axes are preferred that 
allow for unambiguous reference in the given situation. 

Modifications and Combinations of Projective Terms. Projective superlatives, e.g., 
"the leftmost element", can be regarded as explicit linguistic constructions with regard 
to contrast, since they indicate that one specific element can be singled out that is lo-
cated farther in the indicated direction than any other elements. Not surprisingly, this 
is the most preferred option in S1(C1). In the other tasks where the elements are lined 
up in a row as in S1(C1), namely, S2 in all four conditions, projective superlatives are 
still present but the frequency decreases with each additional factor in favour of other 
options. In S3(C1) where there are only two elements the projective superlative is 
very infrequent. One utterance here states "the leftmost (leftmore?) square is", thus 
providing the analyst with a reason why the superlative is not used here more often: it 
does not seem to be appropriate in a context where there is only one competing ob-
ject. Since, unlike other superlatives, there is no expression like leftmore in English, 
the participants prefer other linguistic constructions in this scenario. Note that projec-
tive superlatives do not occur at all in the literature on other kinds of elicitation of 
spatial expressions in which applicability areas are to be identified. 

Another frequent method of establishing spatial contrast is the usage of linguistic 
modifiers such as "furthest (to the right)" (mod.-distance). This is especially frequent 
in S1(C1). The presence of a distance modifier linguistically enforces a contrast to 
other objects present, allowing, for example, for other elements to be "not-far to the 
right" (e.g., to the right but not as far as another element).  
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Complex descriptions combining several kinds of linguistic modifications and 
combinations, as in "Walk to the square object closest to you, slightly on your right", 
providing a fairly precise spatial description, occur only in the partner conditions, 
most frequently in S2(C3). Similarly, modifiers precisifying the projective term as in 
"Go to the square immediately in front of you" occur only in S2(C3), although also in 
many other cases the elements are not situated near focal axes, which could lead to 
the expectation that precisifying adverbials and complex descriptions should occur 
with much higher frequency. However, only in S2(C3) is there a need to specify the 
position since there are competing elements located in a similar direction. Here, the 
goal object is situated close to Y, enabling simple description in terms of distance, as 
is done by almost one third of participants. However, those that do not choose this 
non-projective kind of description obviously run into problems in finding a suitable 
description. A simple projective description that establishes sufficient contrast to 
competing objects does not seem to be available here. 

 In the other cases where the elements appear in a row, the target element is located 
directly on the lateral axis only in the group-based and picture-internal cases but not 
in the case of using X or Y for intrinsic reference in S2(C2) and S2(C4). But intrinsic 
reference is indeed very frequent at least in S2(C4), as indicated by the fact that in 
60.8% of all goal-related utterances the relatum Y is explicitly mentioned, as in "to 
your left". Thus, a vague spatial description is deemed sufficient by speakers if there 
are no competing objects closeby. Furthermore, since modifications and combinations 
of projective terms are rare even in the highly problematic situation S3(C2), it can be 
hypothesized that the strategy of choosing a reference axis that enables unambiguous 
identification may in some situations have stronger consequences than the graded se-
mantic structure of projective terms.  

In the following, some contrasts between linguistic choices are highlighted by 
comparing situations that differ with regard to one factor.  

Comparison of S1(C1) and S2(C1). These two tasks differ only in the presence of an 
object of a different kind in S2(C1). Interestingly, the usage of modifications includ-
ing superlatives seems to be lower when a landmark is present (38.3% in S2(C1) vs. 
58.3% in S1(C1)). This can be interpreted as indicating a lesser need for explicitly es-
tablishing contrast. Since the middle element in this case is of a different kind, it does 
not appear as a competing candidate. The only other element of the same kind is posi-
tioned at some distance, so that unmodified projective terms are more often deemed 
sufficient. Furthermore, participants probably refrain from employing superlatives be-
cause there is only one other object of the same class present, as in S3(C1).  

Comparison of S1(C1) and S3(C1). In S1(C1), there is one clear reference axis 
available which is used throughout. Modifications concern position on that axis, using 
superlatives and modifiers denoting distance. In S3(C1), in contrast, two reference 
axes are equally suitable. Here, modifications concern combinations of projective 
terms as well as comparatives. However, unmodified adjectives are used much more  
frequently than in S1(C1). In S1(C1), the preferred option is the use of projective su-
perlatives which, in turn, are clearly disregarded in S3(C1). Furthermore, in S3(C1) 
only one participant refers to distance, as opposed to 21.6% in S1(C1).  
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Figure 4 contrasts the linguistic options used in the three situations in condition 1. 
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Fig. 4. The impact of the spatial configuration (without variation of perspective) 

Comparison of S3 in Condition 1 and 2. The linguistic choices speakers make in 
S3(C2) differ considerably from those in S3(C1) although the pictures differ only 
with respect to the available origins and relata. Interesting differences occur, for ex-
ample, with respect to the employment of a second projective term (40.0% in S3(C1) 
vs. 20.3% in S3(C2)), and the usage of distance-related terms (none in S3(C1) vs. 
13.6% in S3(C2)). These differences point to the fact that the presence of X has a 
considerable impact on the conceptualisation of the situation, confirming that the par-
ticipants indeed view the situations as different in spite of the fact that the outside 
view on the picture is still available in S3(C2), though participants are encouraged to 
use the perspective of X. 

Condition 3 and 4.  In these conditions, in addition to imagining themselves inside 
the picture at position X, participants are asked to instruct a person located at Y to go 
to one of the objects. To achieve this task, many participants do not refer directly to 
the goal object. The design of the study allows for free choice of instructional  
strategy, because the instruction to the participants only informs about the imagined 
persons' position and view direction, but not, for example, about the absolute scale, 
distances, and perceptibility of goal objects, or any other clues that could influence 
the choice of strategy. Therefore, I do not view utterances that are not goal-based as 
misinterpretations of the task, but rather as an interesting result with respect to how 
participants conceptualise the situation. In the present analysis (cf. Table 1), primarily 
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goal-based utterances are targeted. However, some interesting observations can be 
noted with respect to the other kinds of strategies employed in conditions 3 and 4.  

In S2(C4), of a total of 114 collected utterances instructing an imagined person Y to 
move to a goal object, only 43.0% use projective expressions referring directly to the 
goal, and 1.8% use distance expressions. These are the utterances that appear in Table 
1 above. Another 30.7% describe path directions like left/right or angles, and 23.7% 
first describe the path and then refer to the goal object. In S2(C3), of a total of 125 in-
structions, 19.2% use projective terms pointing directly to the goal object, 25.6% rely 
on distance, 40.0% describe path directions like left/right or angles, and 12.0% de-
scribe the path and then refer to the goal object. This variability of instructional strate-
gies is similar to that found in our human-robot interaction scenarios (cf. Fischer & 
Moratz 2001). It is depicted in Figure 5. Note that, in comparison, the utterances in the 
other two conditions rely almost exclusively on projective expressions, with occasional 
usages of distance expressions in certain situations.  
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Fig. 5. Strategies in two tasks in conditions 3 and 4 differing only in perspective 

The clear difference in usage of distance terms is explained through the proximity 
between Y and the goal object in S2(C3), especially because two competing objects 
are situated in the same spatial area as the target object. This option is not equally 
available in S2(C4) from Y's point of view, since another object is at equal distance. 

3   Discussion 

One of the primary aims of the present study was to investigate the variability with 
regard to linguistic choices in scenarios involving contrastive spatial object reference. 
Clearly, participants use a broad spectrum of variability, resulting in at least twelve 
distinct linguistic categories which could still be differentiated further (see Table 1 
above). The data collected in the present study show that linguistic choices depend 
heavily on the spatial situation, i.e., the presence of other objects and the available 
perspective. Therefore, generalised predictions are difficult to formulate on a linguis-
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tic surface level. A general result, however, is the finding that instructional strategy 
changes with condition: People evidently approach a task differently when asked to 
instruct someone to move somewhere, than when asked to single out one target object 
of several competing ones. But even here, clear differences appear between spatial 
scenarios depending on the observer's position.  

Not all of the available linguistic options are used in all situations. In spite of the 
high variability, however, regular patterns of usage can be identified that can be ana-
lysed in relation to the hypotheses posed in section 0 above. The systematic variations 
found are repeatedly explained by much the same idea, reflecting the participants' mo-
tivation to fulfill the task of providing an unambiguous – contrastive – description of 
the target object in a given situation. In other words, speakers intuitively (but not 
stringently) adhere to systematic underlying principles that could, in a first approxi-
mation, be formulated as follows. 

1. A reference system is chosen that allows for unambiguous reference, i.e., that pro-
duces at least one spatial region in which an unmodified projective term can be 
used unambiguously (see 2), if possible at all (otherwise see 5). 

2. Unmodified projective terms can be used unambiguously in the following cases, 
and are therefore employed there more often than in other cases: 
− if the goal object is the only one on a half-plane with respect to the reference 

system used (regardless of whether it is located near the prototypical axis corre-
sponding to the projective term used or not);  

− if competing objects also situated on the same half-plane are clearly farther 
away from the axis than the goal object is.  

3. If 2 applies for more than one spatial region, the axis is chosen that the goal object 
is closest to (unless 4 applies), and an unmodified projective term is used. 

4. If 2 applies for more than one spatial region and the goal object is located at equal 
distance from two axes (e.g., left and front) then either both projective terms are 
combined, or one is chosen at random or via individual preferences.  

5. If all regions are occupied by more than one object, modifications, combinations of 
projective terms, counting and/or distance expressions are used. In such a case, dis-
tance expressions are specifically likely if the goal object is clearly either the clos-
est one or the one that is farthest away from a suitable relatum. 

6. Relata are preferably mentioned explicitly in case of conflict in interpretation; oth-
erwise they usually remain implicit. Origins are seldom given except when con-
flated with relata in intrinsic reference systems. 

Largely, these findings are in accord with previous results of research on object 
reference, where it is known that speakers analyse contrast on any dimension avail-
able, with respect to the objects present in a given scenario, and use it in order to 
achieve unambiguous reference. In psycholinguistic studies, as well as in the present 
web study, the available contrastive dimensions as well as the reference area are usu-
ally clearly delimited by the experimental setting. Real world scenarios involve far 
greater complexity. For example, objects often differ with respect to both spatial posi-
tion and non-spatial kinds of features, where under certain circumstances reference on 
the basis of spatial position seems to be preferred (Pobel et al. 1988). However, the 
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factors influencing such choices and the variability with respect to related options 
seem to be largely unexplored. For example, in what kinds of situations do speakers 
deem a simple class name as sufficient for reference? Conceivably, this may be the 
case if a given configuration allows for unambiguous object reference via the class 
name. But this hypothesis does not only presuppose simplistic referability on the basis 
of a distinctive object name, but also a clear delimitation of the reference area (among 
further factors, see Freksa 1980). In real world scenarios, this may be a crucial factor 
influencing speakers' choices, especially in an open setting where the referential  
domain may be unclear. In a human-robot interaction scenario, for example, the 
speaker may not be informed about the limits of the robot's perception (Fischer & 
Moratz 2001). Brown-Schmidt & Tanenhaus (2003) show that both the form of refer-
ring expressions and their interpretation are constrained by previous specification of 
referential domains. Furthermore, attention focus plays a crucial role (e.g., Kessler et 
al. 1999). In ambiguous situations, reference is resolved with respect to a subset in  
focus. Attention can be directed by the speaker through focus and foregrounding on a 
linguistic level, influencing the listener's interpretation of spatial descriptions. The 
applicability of spatial terms is further influenced by functional features of the objects 
involved, and the relationship between them (e.g., Coventry & Garrod 2004). In natu-
ral communication, interactive processes facilitate the achievement of joint reference 
(Clark 1996, Pickering & Garrod in press), and previous experience (i.e., the  
discourse history) may influence later choices, for example in the employment of 
reference systems (Tenbrink & Moratz 2003). All of these major influencing factors 
need to be accounted for when dealing with natural conversation, in contrast to the 
simple scenario presented here.  

Due to the open design of the study a considerably broad range of variety, and sys-
tematic patterns of choices, could nevertheless be identified, since speakers' linguistic 
behaviour was not governed by instructions to a high degree. The procedure adopted in 
the present work is in accord with the methodology adopted in our research project (cf. 
Fischer 2003), which ensures the production of intuitive language to a higher degree 
than more restricted settings would allow. The identification of intuitive strategies is  
vital for our research aim of enabling natural and effective human-robot interaction in 
spatial settings, specifically in light of the fact that current natural language interfaces 
are often not evaluated with respect to their effectiveness when confronted with users 
who are not informed about the robot's vocabulary – and if they are, this may lead to 
devastating results (Thrun 2004). Clearly, the results of this kind of empirical study and 
analysis differ in content and generalisability from results gained in more controlled 
psycholinguistic experiments. In the long run, it is desirable to work towards establish-
ing methodologies combining the advantages of both approaches, as described, for in-
stance, in von Stutterheim et al. (1993). Interdisciplinary collaboration is specifically 
targeted in the growing field of human-robot interaction research (Burke et al. 2004), 
where various research directions are combined out of necessity. 

The present study can be regarded as an exploration of natural language produced in 
an open (though artificial) setting by unbiased speakers, which has led, on the one hand,  
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to an assessment of the diversity in linguistic choices in a range of situations  
allowing for different interpretations and viewpoints, and on the other hand, to the iden-
tification of systematic principles underlying speakers' choices, which need to be con-
firmed by more controlled and at the same time more restricted experimentation. In ad-
dition to that, in order to gain insights with respect to a broader range of settings the 
validity of the hypotheses also need to be tested in other configurations, and considering 
further influencing factors. Furthermore, the specific strategies users develop in a hu-
man-robot interaction setting, even if the spatial situation resembles the depictions in the 
present study, can only be addressed in real-world experimentation with users who are 
not informed about the robot's capabilities.  

4   Conclusion 

In this paper, results of a web-based empirical study designed to collect spatial lo-
calisation utterances and test for systematic patterns of usage were presented. The 
linguistic analysis was carried out qualitatively and quantitatively, providing rela-
tive frequencies of participants' linguistic and spatial choices. Insights concerning 
linguistic variability in interplay with conditions and configurations were gained. It 
was shown that, out of the range of linguistic options, some were clearly preferred 
under specific conditions while others did not occur there at all, though favored in 
other situations. The qualitative analysis revealed that the systematic patterns of us-
age point to underlying principles speakers adhere to when establishing contrastive 
reference in a spatial scenario, similar to those known for non-spatial object refer-
ence and in line with previous results in spatial language research. For instance, 
speakers choose a reference system and spatial axis that is suitable for contrasting 
the target object from competing ones. The exact spatial location is usually not 
specified if there are no competing objects closeby. This results in the frequent us-
age of unmodified projective terms even if the target object is located at consider-
able distance from the reference axis, which contrasts from the usage of spatial 
terms in other kinds of tasks.  
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