AcknowledgmentsThe idea of investigating how infants acquire the meaning of spatial relational terms wasinspired by an article written by Thomas Thiel and by his videotaped studies, which I had thegood fortune to see during my visit in Potsdam. This was the beginning of my project and mygrowing interest in language acquisition and cognitive development.My family was engaged in my project from the first step. I thank my husband, Marc Rohlfing,for supporting me in my theoretical and empirical work, developing with me the idea of theHiK-construction in Heidelberg, and videotaping both my pilot and the first study in Poland. Ialso thank my sister, Joanna Kosiedowska, for her help in organizing the studies in Polandand recruiting participants, and my mother, Gabriele Kubetzki, for her financial help beforemy official support began. My nephew, Maciej Kosiedowski, was a (sometimes) well-behavedpilot child � dzi«kuj«!I am particularly grateful to my supervisors, Prof. Dr. Hans Strohner and Prof. Dr. Chris Sinha,for having confidence in a �foreign� student, for supporting my research interests and for theirhelp in empirical studies. I appreciated our discussions about my project, from which I alwaysdrew stimulating ideas and renewed confidence. Also many thanks are due to all mycolleagues in the Graduate Program Task Oriented Communication at the University ofBielefeld (GK 256, supported by the Deutsche Forschungsgesellschaft) for the energizingwork atmosphere, the exchange of ideas and cooperation. I would like to give special thanksto Matthias Rehm for long transdisciplinary discussions about concepts, and to Eva Belkeand Karl Ulrich Goecke � many trains of thoughts were developed within our situatedness-group.I have benefitted immensely from discussions with Dr. Daniela Bailer-Jones and Dr. AngelikaWittek who both provided me with the scientific experience I needed to substantiate myproject and constantly encouraged me at all times. Many thanks also to Simone Duxbury forher valuable comments on and discussion about an early version of this thesis. I owe important experience in empirical work and this research area to discussions I was ableto have during my internship at the Max Planck Institute for Evolutionary Anthropology inLeipzig in Prof. Dr. Michael Tomasello�s group. Some of the important theoretical work wasalso carried out in San Diego at the California University where I studied Foundation of Mindtaught by Prof. Dr. Jean Mandler and Cognitive Grammar taught by Prof. Dr. RonaldLangacker as a visiting scholar in the Center for Research in Language. I am particularlyindebted to both of them for the time they spent with me engaged in long discussions.Grants from the Deutsche Forschungsgemeinschaft and the Deutscher AkademischerAustauschdienst made this research visit possible.

Introductionpage vi

IntroductionWe have gradually come to realize that one of the best ways tounderstand the complexities of mental processes is to find theirorigins in infancy and trace them as they develop over time.Jean M. MandlerThe title question — How infants acquire the meanings of UNDER or other spatial relationalterms — addresses both linguistic and psychological perspectives. From the linguisticperspective, there is the issue of which semantic aspects make UNDER different from otherspatial relational terms in acquisition. From the psychological perspective, there is thecontroversy about which cognitive prerequisites are required to learn the meaning ofUNDER. In the last two decades, new research techniques have provided new results about howinfants think and what their linguistic knowledge before the beginning of production includes(cf. Bowerman & Levinson, 2001). These findings bring both strands of investigation to adialog. It is discussed which psychological abilities in thinking proceed or even induce theabilities for speaking. An overview about the interaction of language and thoughtdevelopment that reaches beyond a specific domain is presented in Weinert (2000). In thisthesis, it is of interest how language and thought are linked in a particular domain: the domainof space.The question of the connection between language and space has been rethought recently(Gumperz & Levinson, 1996) and has been pursued in research fields of languageacquisition and cognitive development (Bowerman & Levinson, 2001). Researchers agreethat if any cognitive domain has a plausible claim to a strong language-independentperceptual and cognitive organization, it is space (cf. Bowerman, 1996b: 387). This is whatattracts research into this domain. If we assume that the categorization of space is languageindependent, the semantics for spatial terms should be motivated more by language-independent categories than by the structure of language. It is expected that investigatingthe meaning of spatial terms will provide insights into language-independent cognition. Itseems clear that language acquisition in particular promises new results with regard to thisquestion, and the understanding of the complexities of the mental process: finding theorigins in infancy and tracing them as they develop over time (cf. Mandler, 1992). However, even though our experience of space is of a primary nature and in referring tospace we refer to concrete objects and events, it is questionable whether the way wedescribe them linguistically and the way we conceptualize them are converging. Thequestions of whether and how language is related to our knowledge of space are two of themost fundamental issues in Cognitive Linguistics. There are two different views on therelationship between the cognitive domain of space and the cognitive domain of language.Some linguists propose several types of connections between the two domains, while other

Introductionpage vii linguists claim that the two domains, space and language, are independent of each other. The starting point for the discussion is established by the order in the acquisition ofprepositions that has been observed cross-linguistically and supports the idea that languageand spatial reasoning are connected. According to the order that has been observed infantsacquire the expressions related to IN- and ON-relations earlier than the expression forUNDER. As the order has been observed in different languages, it is plausible to assumethat the order is driven more by cognitive prerequisites than the system of a specificlanguage. To analyze this idea, it is sufficient to answer the question why UNDER occurs laterthan IN and ON � this makes the investigation of the order so attractive. There is already along tradition of investigating the reason for infants� late understanding of the prepositionUNDER in languages that use prepositions describing spatial relations. For this reason, thethesis is organized around previous studies, which are relevant for different aspects of thetitle question. Their presentation is structured by first explaining the theoretical approach orempirical study, secondly introducing selected problems in the particular theoretical viewpresented and thirdly discussing these with reference to other empirical findings.What is noticeable in the most previous studies dealing with this issue from the psychologicalperspective, is that they disregard the linguistic problem and omit questions about themeaning of a word or the connection of a preposition with a spatial relation. In other words,studies concentrating on the question of what it means to learn a preposition often disregardthe question of what it means to learn a preposition. This is probably due to a tradition inpsychology of not differentiating between the semantics of words and their conceptualpropositions1 (Knauf, 1997: 121; Herrmann & Graf, 1999: 17-19). The same narrow view canbe objected to research on linguistic aspects of prepositions. With regard to this question, afew linguistic approaches (e.g. Dromi, 1979) concentrate on the structure of languagewithout including learning processes in their considerations i.e. �how do children organizeand store word meanings� (Bowerman, 1977: 239). Such questions are intrinsic to thecognitive perspective on language acquisition. The main motivation for the studiespresented here, therefore, is an attempt to explain infants� understanding of spatialprepositions against the background of the complex cognitive process of languageacquisition. This reflects how humans perceive, act within and communicate with theirenvironment and gain meaningful information from their experiences. Without answers toquestions about infants� perception and the development of their conceptual knowledge, acoherent theory of the acquisition or understanding of language is not possible. In keepingwith this, considerations and general problems from the field of cognitive developmentregarding the increase of conceptual knowledge will be included and discussed in the

1�Dahinter steht die psychologische Tradition, die Semantik von W�rtern und deren konzeptuellenGehalt nicht voneinander zu unterscheiden [It is based on the tradition in psychology not todifferentiate between the semantics of words on the one hand and their conceptual proposition on theother hand]� (Knauf, 1997: 121).

Introductionpage viii present approach. The first chapter has the aim of introducing the research field and pointing out the linguisticcomplexity involved in the understanding of spatial relational terms. The problemsdeveloped in this chapter lead to the theoretical background about the semantics ofprepositions. The different theories presented highlight the correlation between spatialterms and concepts of spatial relations. In accordance with these, different semantic tasks areset up for children who are learning to understand prepositions. The hypotheses developedare examined in the empirical sections of this thesis.The semantic structure of spatial prepositions is focussed on in chapter two. Complementingdevelopmental studies about infants� acquisition of spatial prepositions with research aboutpreposition use in adults is designed to fill the gap between linguistic and developmentalstudies about understanding of spatial relational terms. While developmental studiesaddress cognitive requirements and input constraints, the research about the semantics ofprepositions in adults gives prominence to the content that the category structure ofpreposition entails. In this sense, the semantic proposition the children have to cope with isfocussed in this chapter. Even though each of the aspects in understanding prepositionsdescribed in chapter 2 are empirically motivated, it seems that the order of prepositionscannot be ascribed to a single factor (frequency, canonical knowledge, etc.). Rather, acomplex account of the issue is attempted based on several semantic aspects inunderstanding such as the interplay of perceptual and functional features of objects.Moreover, situative aspects are brought in as well such as different contexts, situation andthe ability of attention. All of these aspects form a framework for the meaning of prepositionsand their effect will be analyzed in the experiments.In order to handle this complex issue methodologically and relate it to the observed order inthe acquisition of spatial prepositions, two studies were conducted. The first experimentalsection, presented in chapter 3, concerns the content of prepositions. Pursuing linguisticinterests in the semantic structure of a preposition, the chapter focusses on infants�understanding of the Polish preposition NA [ON]. What motivated this study was the fact thatthere is scarcely any semantic research about infants� understanding of �known� prepositions,such as the preposition ON, not to mention semantic analyses of the meaning infants assignto a spatial relational term. In this thesis, therefore, an analysis is made of what infants knowabout this NA [ON]-preposition. The first experimental study is dedicated to the question ofwhat infants know about spatial relations before they can name them, and how thisknowledge helps in understanding prepositions. In other words, it addresses the context-dependent aspects for the development of meaning. The Polish language was chosen as the language of study, because in this languagesystem, spatial relations are marked with the aid of a preposition and, depending on theobject�s gender, a case inflection on the noun. It will, therefore, be considered whetherlinguistic form is helpful for children at the age of 20 to 26 months and whether they receive

Introductionpage ix any specific information through it. The system of spatial prepositions in Polish and furthermethodological features for these two experiments will be explained in this third chapter. Both experiments (chapter 3 and 5) follow a psycholinguistic setup for languageunderstanding within a controlled observation study. Controlled observation is expected to yield causal information through the experimenter�smanipulation of an independent variable information which cannot be provided definitely byobservation alone. In experiments involving comprehension or judgment, the dependentvariable has usually been the child�s response to a stimulus provided by the researcher(Bennett-Kastor, 1988: 28).In the test, infants� understanding of instructions containing spatial prepositions was studied.Such a methodology allows the learners to act naturally on objects and the researcher toobserve their linguistic competence in this communicative situation. It is especiallyappropriate in the case of the theoretical background, against which linguistic competence isviewed as a part of social behavior (see also section 3.7) � as it is central for this thesis. Thismethod also allows one to extend the data beyond the children�s responses to a stimulusand to provide qualitative observations about children�s comprehension of the situation. An analysis of qualitative results of this type is undertaken at the end of the third chapter.There, selected observations of infants� behavior in the first study will be discussed withinthe framework of Cognitive Grammar (Langacker, 1987, 1991). The role of strategiessupporting infants� understanding will be investigated against the background of infants�early conceptual knowledge about space. The analysis within the framework of CognitiveGrammar will show that strategies observed in different experimental studies by, for example,Clark (1973) or Sinha (1982) are affiliated with each other and are engaged in situatedlearning involving a bundle of relevant aspects. Afterwards, the question of which semanticaspects are involved in understanding linguistic information at this early age will bediscussed. The aim of the conclusion is to show that the perception and behavior of learnersis influenced by the culture and by language, which transports social information. However,the knowledge the learners apply to solving problems is grounded in their cognitive abilitiessuch as perceptual analysis, change of attention and profiling.In the second experimental study, the process of understanding a spatial preposition isinvestigated. Chapter 4 considers different theoretical approaches to the question of whyspatial relational terms for UNDER are acquired later than terms for IN and ON. Once again,the complexity of the learning process is discussed, pointing to the contribution of differentsemantic and cognitive factors. What establishes a theoretical basis for the experimentalapproach to the later understanding of UNDER, are ideas presented in Thiel (1985),Vandeloise (1991) and Sinha, Thorseng, Hayashi and Plunkett (1999: 99). The authorssuggest that some spatial relations may be cognitively or semantically basic. Thiel (1985)assumes, moreover, that the UNDER-preposition is learned with the aid of the IN- and ON-prepositions. However, the assumption of basic relations such as IN and ON for the

Introductionpage x acquisition of UNDER raises problems of a twofold nature: a methodological one (about howto observe the process of building up the meaning for UNDER) and a theoretical one aboutits ontology. The training study presented in chapter 5 is an experimental approach to this issue andfocusses on the acquisition of understanding the Polish preposition POD [UNDER]. Thetraining study aims to investigate how infants develop their linguistic competence inunderstanding prepositions and to what extent situational cues contribute to the learningprocess. The design of the training study considers the adult�s input to the child. The resultsof this study reflect the infants� performance in the pretest and test that resulted from thetraining sessions. The accompanying learning processes in their understanding of thepreposition POD and relation UNDER are then analyzed. This analysis establishes a basis foran answer to the question of why is UNDER more difficult, which attempts to shed more lighton the order of spatial prepositions in acquisition.Chapter 6 unites the results and discussions of the two experiments presented andsummarizes the situative view on semantics. From this perspective, criteria for modellingunderstanding processes in cognitive science are developed. Not only the transition fromperceptual to conceptual knowledge will be considered but also the nature of concepts andfactors contributing to the meaning.Since only two of the many possible experimental approaches to studying the developmentof meaning in the embodied and situated understanding process are presented in thisproposal, further possible experimental steps are suggested.