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Abstract

Projective prepositions express the relation between two objects by referring to a direction in space and have traditionally been regarded as expressing purely geometric relations. Recent studies have shown that the appropriateness of English and Spanish projectives also depends on functional relations between objects. This study investigates if the acceptability of the Swedish projectives över, under, ovanför and nedanför are influenced by functional factors as well, and whether över and under are differentially influenced by function than ovanför and nedanför, as has been shown for their English cognates. It also investigates how the shape and parts of the related objects influence their functional interaction, and thereby the acceptability of the prepositions. This is done with respect to the predictions of the AVS-model, a model of the perceptual processes underlying the apprehension of projectives, which takes both the geometric and the functional relation between objects into account. It was found that acceptability judgments about the prepositions are influenced by function as their corresponding English and Spanish prepositions. The acceptability of över was more sensitive to function than ovanför, whereas under and nedanför were not differentially influenced by function, as has been shown for Spanish. It was further found that the shape and parts of both of the related objects influence acceptability regions associated with the prepositions in predictable ways, as functional interactions between objects largely depend on their parts. The results finally show that the AVS-model needs to be further developed in order to account for the form and function of the located object.

Influences of Form and Function on the Acceptability of Projective Prepositions in Swedish

In English and Swedish, spatial expressions are usually constructed with locative prepositions, which express relations between a reference and a located object. Traditionally, locative prepositions have been seen as expressing geometric relations of a dimensional or a topological nature (see, e.g., Coventry & Garrod, 2004; Herskovits, 1986; Jackendoff & Landau, 1993; Miller & Johnson-Laird, 1976). According to this view, prepositions pick out salient geometric aspects of spatial relations while disregarding fine-grained distinctions of shape, size and distance, a process known as schematization (Carlson-Radvansky, Covey & Lattanzi, 1999; Carlson, 2000; Herskovits, 1998; Jackendoff & Landau, 1993; Landau, 1996; Talmy, 1983, 1988). The present work is concerned with a subclass of locative prepositions, the projective prepositions, such as above and below. Projectives express relations in the dimensional structure of space by specifying a direction in which the located object is positioned with respect to the reference object (Coventry & Garrod, 2005; Garrod, Ferrier & Campbell, 1999; Grabowski & Miller, 2000; Grabowski & Weiss, 1996; Hörberg, 2004; Jackendoff & Landau, 1993). For example, in the sun is above the house, the preposition above expresses the direction in which the sun, the located object, is positioned with respect to the house, the reference object. According to the traditional view, projectives schematize the reference object to an axial structure, and the located object to a point which is assumed to coincide with the centre-of-mass of the object (Carlson-Radvansky et al., 1999; Jackendoff & Landau, 1993; Landau, 1996). The projective at hand is then considered appropriate for describing the relation between two objects when the located object is positioned at, or close to, the relevant axis of the reference object (Hayward & Tarr, 1995; Logan & Sadler, 1996). For example, above would be appropriate in describing the relation between a reference and a located object when that object is positioned along the vertical axis of the reference object, extending upwards. 

Functional Influences on Projective Prepositions

However, a number of recent studies have shown that acceptability judgments about projectives not only depend on the geometric relation between the objects, but also on their functional relation. Coventry et al. (2001) manipulated geometric and functional constraints in a number of images portraying spatially related objects, in order to explore the relative influence of these factors. One of the objects in the images either had a protecting function, protecting the other object from falling objects or a threatening function, by potentially pouring, spilling or dropping its contents on or into the other object if tilted. For example, in one series of images a man was protecting himself from rain with an umbrella. Acceptability judgments about over, under, above and below were influenced by whether the threatening or protecting functions were fulfilled, independent of the geometric relation between the objects. For instance, ratings of images in which the man was successfully protecting himself from rain were higher than ratings of images in which the rain hit the man, although the geometric relation between the man and the umbrella was identical in both images. The effect of the functional interaction was also present when the objects were functionally unrelated (i.e., the man was protecting himself with a suitcase instead of the umbrella), although weaker. The effect of function has also been shown to be stronger for over and under than for above and below, indicating that the former prepositional pair is more sensitive to functional factors (Coventry & Mather, 2002; Coventry & Prat-Sala, 2001; Coventry et al., 2001). 

A majority of the empirical studies of the interplay between geometric and functional influences on the acceptability of projective terms have been conducted in English. However, Coventry and Guijarro-Fuentes (2004) showed, in an experiment similar to the Coventry et al. (2001) study, that the acceptability of the Spanish projectives sobre and debajo de, corresponding to above and below, as well as encima de and bajo, corresponding to over and under, were all influenced by function but not by geometry. Further, the influence of function was stronger for encima de than for sobre, as is the case for over and above. However, debajo de and bajo were not differentially influenced by function, in contrast to under and below. These results show that although functional influences of projective terms exist cross-linguistically, such influences differ between languages. To further explore cross-linguistic differences and similarities on functional influences of projectives, the first goal of the present work is to examine how the acceptability of the Swedish projectives ovanför, över, nedanför and under (corresponding to above, over, below and under, respectively) are influenced by functional factors. The study investigates if the acceptability of ovanför, över, nedanför and under is influenced by the functional interaction between the spatially related objects, and further whether a functional influence depends on whether the objects are functionally related or unrelated. Hörberg (2004) has shown that the process of reference frame adjustment is indeed influenced by functional factors for native Swedish speakers in the same way as has been reported for English speakers (Carlson-Radvansky & Tang, 2000). Therefore, the acceptability of Swedish projectives is expected to be influenced by function. The study further investigates if the acceptability of ovanför and över, on the one hand, and nedanför and under, on the other, are differentially influenced by function, as has been shown for the corresponding English terms. However, as Coventry and Guijarro-Fuentes (2004) showed that Spanish projectives are not differentially influenced by function in the same manner as in English, the Swedish projectives might be influenced differentially as well.

Influences of Form on Functional Relations

Judgments about functional interactions often presuppose knowledge about the functions of the spatially related objects and knowledge about how they typically interact. Functional knowledge often depends on the shape and the parts of the spatially related objects, as parts support inferences about function based on appearance and provide the information needed to categorize objects (Carlson, 2000; Tversky, 2005). The parts of objects that are crucial for their function are detected faster and more accurately in speeded object recognition tasks, suggesting that people pay more attention to functional than non-functional parts (Carlson, 2000; Regier, Carlson & Corrigan, 2005). As functional knowledge and hence functional interactions largely depend on the shape and the parts of the related objects, such aspects should influence the apprehension process of projective terms. Carlson-Radvansky et al. (1999) provide some empirical support for this idea. They had participants place pictures of located objects either above or below pictures of reference objects. The objects could potentially interact when the located object was vertically aligned with a functional part of the reference object. Placements were significantly biased in the direction of those parts, towards positions at which the functional interaction between the objects could be fulfilled. The strength of the placement bias depended, among other things, on the position of the functional parts of the reference objects and the precision required for the objects to interact, which has to do with the size of the functional part (Carlson & Covell, 2005). Carlson-Radvansky et al. (1999) also had participants rate the appropriateness of above in describing the relation between a piggy bank and a coin when positioned in different positions in an invisible grid around the piggy bank. The functional manipulation, conducted between participants, consisted in varying the position of the slot on top of the piggy bank. The averaged ratings made up acceptability regions that peaked as a function of slot position. 

An attempt to show how both geometric and functional information guides the apprehension of projectives is provided by the Attention-Vector-Sum Model, or AVS-model for short (Carlson, Regier & Covey, 2003; Carlson, Regier, Lopez & Corrigan, 2006; Regier & Carlson, 2001; Regier et al., 2005). The model is based on the observation that the apprehension of projective relations involves attention to objects and regions in space (Logan, 1995) and that people pay extra attention to functional parts of objects (Carlson, 2000; Regier et al., 2005). The model assumes that attention guides the influence of both geometric and functional information in the apprehension process. According to the model, judgments about how well a projective term describes a projective relation depend on the alignment between the orientation of a weighted sum of vectors and upright vertical in the case of above and below. The vector sum is determined by the weighting of a number of vectors rooted across the reference object and projected towards the centre-of-mass of the located object. The weight of the vectors is determined by the distribution of attention, which is at its highest at the point of the reference object closest to the located object and decreases further away from that point. The influence of function is accounted for by increasing the weight of the vectors rooted in the functional part of the reference object, in line with the observation that people pay extra attention to functional parts (Carlson, 2000; Regier et al., 2005). This process is illustrated in Figure 1.

<INSERT FIGURE 1 ABOUT HERE>

The acceptance of above for describing the spatial relation between the X and the toothbrush in the figure depends on the alignment between the orientation of the vector sum, illustrated by the straight line, and upright vertical.

The second goal of this work is to further examine how the connection between geometry and function influences the acceptability of the Swedish projectives. In line with Carlson-Radvansky et al. (1999), this is done by examining how functional factors influence acceptability regions, depending on more fine-grained aspects of shape. Following Carlson and Covell (2005), these aspects involve the position of the functional part of the objects and the precision required for them to interact, that is, the size of the functional part. Further, this is done with respect to the predictions of the AVS-model, as follows. First, acceptability judgments about projectives depend on the shape of the reference object, as the positions at which the vectors are rooted depend on the shape of the object. Second, judgments are influenced by the alignment between upright vertical and the centre-of-mass and the proximal orientations. The centre-of-mass orientation is the orientation of an axis connecting the centre-of-mass of the reference object with the centre-of-mass of the located object. The proximal orientation is the orientation of an axis connecting the reference object with the located object where the two objects are closest. Acceptance is reduced as the deviation between the centre-of-mass orientation and upright vertical increases. An increase in the deviation between the proximal orientation and upright vertical enhances this reduction. Thirdly, judgments are influenced by the distance between the spatially related objects, as the distance influences the distribution of attention which in turn affects the vector sum orientation. When the distance between the objects is small, the vector sum orientation approaches proximal orientation which renders the centre-of-mass orientation of less importance. When the distance between the objects is large, on the other hand, the vector sum orientation approaches centre-of-mass orientation, making the proximal orientation of less importance. Finally, judgments should be higher when the located object is horizontally close to the functional part of the reference object, as vectors rooted in that part contribute more to the vector summation. This causes the vector sum orientation to align with upright vertical when the located object is horizontally close to the functional part. However, the model in its present form (i.e., as presented in Carlson et al., 2006) does not take the functional part of the located object into account. Rather, the located object is reduced to the point of its centre-of-mass. According to Carlson and Covell (2005), the functional interaction between two objects does not only depend on the function of the reference object, but also on the function of the located object, which in turn depends on its shape and parts. Therefore, attention should also be paid to the functional part of the located object, and not only to its centre-of-mass, as assumed by the model as presented in Carlson et al. (2006). This is tested directly in the present study.

The Experiment

Following Carlson-Radvansky et al. (1999), the rationale of the experiment was to examine the influence of the interplay between geometric and functional factors on acceptability judgments of ovanför, över, nedanför and under. This was done by investigating how function influences acceptability regions in a sentence-picture verification task. Functional influences were assessed by comparing acceptability regions of experimental images, containing functionally related objects, with acceptability regions of control images lacking a functional relation. As ratings of the latter depend on geometric influences only, any differences between ratings of experimental and control images had to be attributed to functional factors. 

On a 7-grade Likert-scale, participants´ task was to rate sentences of the form “[the located object] is [preposition] [the reference object]” for their appropriateness in describing pictures of spatially related objects. Inappropriate descriptions received low ratings whereas appropriate descriptions received high ratings. Ratings were regarded as a measure of how well the spatial representations of the spatially related objects match the meanings of the spatial expressions (Coventry, Carmichael & Garrod, 1994). 

Regions of acceptability were identified by varying the position of the located objects in the pictures, as illustrated in Figure 2. Located objects were positioned at five different positions in the horizontal plane, either above or below the reference objects. Whether the centre-of-mass and the proximal orientations deviated from upright vertical depended on these positions. At Positions 1 and 5, henceforth referred to as the proximal deviant positions, both centre-of-mass and proximal orientation deviated from upright vertical. At Positions 2 and 4, henceforth referred to as the centre-of-mass deviant positions, only centre-of-mass orientation deviated from upright vertical. Finally, at Position 3, henceforth referred to as the centre-of-mass aligned position, both proximal and centre-of-mass orientation was aligned with upright vertical. Further, located objects were placed at either a near or a far distance from the reference objects. This was done to explore the interplay between proximal orientation, centre-of-mass orientation and distance.

<INSERT FIGURE 2 ABOUT HERE>

 
The experimental images contained reference and located objects that could potentially interact. Functional interactions were fulfilled at specific positions (henceforth referred to as dynamic positions), depending on the position of the located objects, as seen in Figure 3. The number and the location or locations of the dynamic positions further depended on the precision required for the objects to interact and whether the interaction was fulfilled at the centre of the reference object or at one of its sides. The interactions between the objects were either fulfilled at two or three positions (henceforth referred to as low precision interactions) or fulfilled only at one specific position (high precision interactions). Further, the interactions were either fulfilled at the horizontally centred position (Position 3) or positions (Positions 2 to 4) (centre-of-mass aligned interactions), or, on the other hand, fulfilled at the position or positions farthest to the left (Positions 1 to 3) or right (Positions 5 to 3) (centre-of-mass deviant interactions). Also, the located objects in the functional relations were either functionally related to the reference objects (henceforth referred to as prototypical relations), or they were replaced by functionally unrelated objects (aprototypical relations). However, the nature of the functional relation was the same in both interaction types. For example, in the aprototypical version of the interaction between the hot dog and the ketchup bottle in Figure 3, the ketchup bottle is replaced with a toothpaste tube.

<INSERT FIGURE 3 ABOUT HERE>

The controls used in the experiment contained the same reference object as in the corresponding experimental images, but the located object was replaced with an X, positioned at its centre-of-mass. Evidently, this manipulation does not control for influences of the shape of the located object. However, it is in accordance with the AVS-model, which reduces the located object to a point coincident with its centre-of-mass. The purpose of the X was therefore to make participants attentive to the location of the centre-of-mass of the located objects in the corresponding experimental images, in line with the assumptions of the model.

Experimental ratings of images in which the located object was positioned at a dynamic position were expected to be higher for experimental images than for control images, as a functional interaction is fulfilled only in the former. Further, this difference was expected to be higher for prototypical images than for aprototypical, as the interacting objects are functionally related only in the former. Undynamic ratings, on the other hand, were expected not to differ between experimental and control ratings, as a functional interaction is fulfilled in neither. No predictions were made regarding whether acceptability ratings of över and under were to be differentially influenced by function than ratings of ovanför and nedanför.

Acceptability regions of the control images were expected to be in line with the strictly geometric predictions of the AVS-model. Acceptability regions of the experimental ratings, on the other hand, were expected to vary systematically depending on the number and the locations of their dynamic positions. More specifically, ratings of low precision interactions were predicted to be generally higher than ratings of high precision interactions. Ratings of centre-of-mass deviant interactions were predicted to be higher at the side at which the functional interaction was fulfilled, whereas ratings of centre-of-mass aligned interactions were predicted not to differ between sides.

The influence of the functional part of the located object was investigated in the following way. Secondary controls were used for experimental images in which the functional part of the located object was disassociated from its centre-of-mass. In these, the X was positioned at the centre of the functional part of the corresponding object, instead of at its centre-of-mass, as illustrated in Figure 3. The purpose of these controls was to make participants attentive to the location of the functional part of the located object in the corresponding experimental images. Consequently, ratings of both the location of the centre-of-mass of the located object and ratings of the location of the centre of its functional part were obtained, the former from ratings of primary controls and the latter from ratings of secondary controls. By collapsing these ratings, an estimate of the joint influence of both of these locations on ratings was obtained, henceforth referred to as the control estimate. If ratings of experimental images are influenced by attention paid to the location of the functional part of the located object, and not only to its centre-of-mass, the acceptability regions of the experimental images should match the acceptability regions of the control estimates. 

Design

The experiment was divided into four groups, each being concerned with a specific set of prepositions. As such, Preposition was a between-participants factor. Each group was concerned with one primary preposition for which both experimental and control trials were conducted and one secondary preposition, included for variety, for which only experimental trials were conducted. The participants of each group also conducted 40 filler trials, concerned with the two other prepositions being tested. Filler images consisted of functionally related objects, for which the located objects were located in dynamic or close to dynamic positions. However, the sentences in the images were manipulated in ways that made them inadequate descriptions of the images. The purpose of the fillers was to make participants attentive to the task at hand and to show if a specific subject complied with the task. Participants that were inattentive were expected to miss the inaccuracies of the sentences, and thereby give them high ratings. The results of the filler ratings were excluded from the final analysis. The overall mean of the filler ratings turned out to be very low (M = 1.94, SD = 2.05), and the average ratings of filler images exceeded 3.5 for five participants only, suggesting that the participants complied with the task. Therefore, the results of all participants were included in the final analysis.

Group 1 had ovanför as primary preposition, nedanför as secondary preposition and över and under as fillers. Group 2 had över as primary preposition, under as secondary preposition and ovanför and nedanför as fillers. Group 3 had nedanför as primary preposition, ovanför as secondary preposition and över and under as fillers. Group 4 had under as primary preposition, över as secondary preposition and ovanför and nedanför as fillers.

The experimental trials consisted of 160 images. This set of images was constructed from 2 distances × 5 horizontal positions × 2 types of functional relatedness (Prototypical vs. Aprototypical relation) × 4 interaction types (4 possible combinations of Precision and Centre-of-Mass Interaction) × 2 types of interacting objects. Two types of interacting objects were used to increase the external validity of the experiment. 

The control trials consisted of 80 images. This set of images was constructed from 2 distances × 5 horizontal positions × 8 reference objects. The control sets used the reference object from the corresponding experimental image set to control and test for the influence of shape. The located objects consisted of an X positioned at the centre-of-mass of the located object in the corresponding experimental image. 

In Groups 1 and 2, secondary control trials consisted of 40 images. This set of images was constructed from 2 distances × 5 horizontal positions × 4 reference objects. In Groups 3 and 4, secondary control trials consisted of 20 images, constructed from 2 distances × 5 horizontal positions × 2 reference objects. In the secondary control images, the X was positioned at the centre of the functional part of the located object in the corresponding experimental image. 

Groups 1 and 2 (henceforth referred to as the över- and ovanför-groups) thus contained a total of 480 trials, conducted fully within participants, made up of 320 experimental trials (160 trials for each preposition), 80 control trials, 40 secondary control trials and 40 filler trials. Groups 3 and 4 (henceforth referred to as the under- and nedanför-groups) contained a total of 460 trials, conducted fully within participants, as these groups only contained 20 secondary control trials. The order of the trials was the same for the över- and ovanför-group on the one hand, and the under- and nedanför-group on the other, but differed between these pairs. The order was randomized in a controlled fashion to ensure a balanced distribution of conditions and objects. However, the order was not counterbalanced across participants and hence was the same for all participants of each group. 

Participants, Material and Procedure

A total of 72 participants took part in the experiment, with 18 participants in each group. They were either students or employees at the Department of Linguistics at Stockholm University. Most of them automatically also took part in a draw for cinema vouchers. The purpose of the lottery was to encourage participation. Many of the participants were further encouraged by being offered coffee and a snack while performing the experiment. The age distribution of the participants was positively skewed and had a median value of 26 years, with a quartile deviation of 6.63. Only 30% (22 participants) were male, showing a skewed sex distribution as well. 

Participants were invited to choose from a number of experimental sessions held over a two-week period. The number of participants at each session varied between one and twelve. The experiment was performed at a computer room at the Linguistics Department at Stockholm University. Participants conducted the experiment on standard personal computers using Internet Explorer. The experiment consisted of a start page and a series of experimental pages, containing each experimental image constructed out of the object pictures. 

The start page contained the instructions needed to perform the experiment. Below these instructions, the participants were asked to state their age, sex and whether Swedish was their native language. It informed the participants that the experiment would take about 45 minutes to perform and that the task was to rate, on scale from one to seven, how well they thought the sentences matched images of the related objects. Participants were further informed that they had a chance to win a cinema voucher and that they would be informed if they had won as soon as they finished the experiment.

The layout of the experimental pages was designed as follows. At the top of the pages, a text instructed the participants to rate how well they thought the text below the image matched the image in question. This was to be done in accordance to a 7-grade scale, graphically illustrated at the bottom of the page. The actual experimental images were shown below this text. These were constructed out of pictures of the objects used in the experiment, listed in the appendix. Finally, the sentences to be rated were written directly below the experimental image. The objects in the experimental images hade been photographed one by one with a digital camera, cut out from the background, matched in size and rotated to the appropriate orientations. Sentences were of the form “The [located object] is [preposition] the [reference object]”.

Before conducting the actual experiment, participants preformed a test run of ten trials. Once the test run was finished, the actual experiment started, and the experimental pages were presented in the order described above. The rating was preformed by pressing keys “1” to “7” on the keyboard. Once a test or an experimental image had been rated, the next image automatically appeared.

Results

Ratings of prototypical images taken together with ratings of aprototypical images are referred to as experimental ratings. The levels of the Type factor are Prototypical, Aprototypical and Control. Also, although centre-of-mass deviant interactions were fulfilled at either the left or the right side in the experiment, it is always the positions at the right side, that is, Positions 3 to 5, which are dynamic in the analyses of the results. 

Functional Influences on Ratings

To explore the influence of function on ratings, two 3 (Type) × 2 (Preposition) ANOVAs were conducted across dynamic ratings and two 3 (Type) × 2 (Preposition) ANOVAs across undynamic ratings. Type was a within-participants factor and Preposition a between-participants factor in all ANOVAs. The former of each pair was conducted across the ovanför- and över-groups and the latter of each pair across the nedanför- and under-groups. Further, only the ratings of the primary prepositions of each group were included in the models. Secondary control ratings were also excluded. The ANOVAs conducted across dynamic ratings showed main effects of Type for each group (Ovanför & Över: F(2, 2228) = 179.89, p < .001; Nedanför & Under: F(2, 2012) = 74.35, p < .001) with contrasts between prototypical and control ratings (Ovanför & Över: F(1, 1114) = 234.61, p < .001; Nedanför & Under: F(1, 1006) = 103.57, p < .001) and between aprototypical and control ratings (Ovanför & Över: F(1, 1114) = 215.26, p < .001; Nedanför & Under: F(1, 1006) = 88.26, p < .001). The ANOVAs conducted across undynamic ratings, on the other hand, revealed no main effect of Type across the nedanför- and under-groups, F(2, 3740) = 0.94, p = .39), but a main effect of Type across the ovanför- and över-groups, F(2,3524)  = 36.3, p < .001, with contrasts between prototypical and control ratings, F(1, 1762) = 35.36, p < .001, and aprototypical and control ratings, F(1, 1762) = 61.67, p < .001). However, the main effect of Type was present only in the över-group, as shown by an ANOVA conducted across undynamic ratings of the ovanför-group only, fully within. This ANOVA revealed no main effect of Type, F(1, 881) = 0.2, p = .66). These results, illustrated in Figure 4, show that ratings of dynamic positions within each group were higher than ratings of the corresponding control positions.  On the other hand, ratings of undynamic positions did not differ between experimental and control images within each group except in the över-group. The results further show that ratings of dynamic positions were significantly influenced by whether the interacting objects were functionally related.

<INSERT FIGURE 4 ABOUT HERE>

To determine whether the prepositions were differentially influenced by function, two 2 (Precision Interaction) × 2 (Centre-of-mass Interaction) × 2 (Set) × 3 (Type) × 5 (Position) × 2 (Distance) × 2 (Preposition) ANOVAs were conducted (Precision Interaction, Centre-of-mass Interaction, Set, Type, Position and Distance within, Preposition between). The first ANOVA was conducted across the ovanför- and över-groups and the second across the nedanför- and under-groups. These ANOVAs showed a significant interaction between Preposition and Type for ovanför and över, F(2, 68) = 6.34, p < .01, but not for nedanför and under, F(2, 68) = 0.15, p = .862. As illustrated in Figure 5, the mean difference between prototypical and aprototypical ratings on the one hand and control ratings on the other was lower for ratings of ovanför (Prototypical vs. Control: M = 0.2, SD = 1.37; Aprototypical vs. Control: M = 0.23, SD = 1.39) than for ratings of över (Prototypical vs. Control: M = 0.66, SD = 1.86; Aprototypical vs. Control: M = 0.68, SD = 1.78), both of these differences being significantly lower for ovanför than for över (Two samples t-tests, 1-tailed: Prototypical vs. Control: t(1439) = 7.72, p < .001; Aprototypical vs. Control: t(1439) = 7.73, p < .001). This shows that ratings of över were influenced by functional factors to a greater extent than ratings of ovanför. These differences were somewhat lower for ratings of nedanför (Prototypical vs. Control: M = 0.12, SD = 1.43; Aprototypical vs. Control: M = 0.15, SD = 1.36) than for ratings of under (Prototypical vs. Control: M = 0.18, SD = 1.5; Aprototypical vs. Control: M = 0.17, SD = 1.42), but not significantly (Two samples t-tests, 1-tailed: Prototypical vs. Control: t(1439) = 1,562; p = 0.119, Aprototypical vs. Control: t(1439) = 0.94, p = .349). This indicates that under and nedanför were not differentially influenced by functional factors.

<INSERT FIGURE 5 ABOUT HERE>

The Interplay Between Form and Function

Initially, ratings of control images only were analyzed to determine whether these were in line with the strictly geometric predictions of the AVS-model.  Two 8 (Shape) × 5 (Position) × 2 (Distance) × 2 (Preposition) ANOVAs were conducted (Shape, Position and Distance within, Preposition between). The first was conducted across the ovanför- and över-groups, and the second across the nedanför- and under-groups. Secondary control ratings were excluded. Both ANOVAs showed main effects of Shape (Ovanför & Över: F(7, 238) = 24.02, p < .001; Nedanför & Under: F(7, 238) = 89.81, p < .001). They also showed significant interactions between Shape and Position (Ovanför & Över: F(28, 952) = 3.25, p < .001; Nedanför & Under: F(28, 952) = 21.64, p < .001) as well as between Shape and Distance (Ovanför & Över: F(7, 238) = 2.98, p < .01; Nedanför & Under: F(7, 238) = 2.29, p < .05). These results show that object shape had a significant impact on ratings of the control images and, further, that ratings of specific positions varied as a function of object shape, in line with the AVS-model.

There was a main effect of Position in both sets (Ovanför & Över: F(4, 136) = 77.36, p < .001; Nedanför & Under: F(4, 36) = 89.91, p < .001), showing that specific positions were rated differentially. To determine the relative influence of Centre-of-mass and Proximal Deviation, the proportional drop in ratings from the centre-of-mass aligned position to the centre-of-mass deviant positions was compared with the proportional drop from the centre-of-mass deviant positions to the proximal deviant positions. The reason for this was that the distance between the centre-of-mass aligned position and the centre-of-mass deviant positions was generally higher than the distance between the centre-of-mass deviant positions and the proximal deviant positions. Across participants, the percent drop in ratings per millimetre was calculated for each image. This was done for both drops; given that the drops are linear, the drop per mm should be significantly higher for the second drop than for the first if the second drop is proportionally higher than the first. Across groups, the second drop (M = 4.66%, SD = 3.47%) was somewhat higher than the first (M = 4.09%, SD = 2.44%), indicating that Proximal Deviation increased the drop in ratings as predicted by the AVS-model. This difference was marginally significant, Two Samples t-test, 1-tailed: t(127)= 1.85, p = .067. 

An 8 (Shape) × 5 (Position) × 2 (Distance) × 4 (Preposition) ANOVA (Shape, Angle and Distance within, Preposition between), conducted across all four groups, yielded a significant effect of Distance, F(1, 68) = 7.44, p < .05, as well as a significant interaction between Distance and Position, F(4, 272) = 3.84, p < .01. Across groups, Distance did not influence ratings of the centre-of-mass aligned position (Near: M = 6.48, SD = 1.37; Far: M = 6.47, SD = 1.38; Two Samples t-test, 2-tailed: t(1151) = 0.12, p = 0.9) nor the centre-of-mass deviant positions (Near: M = 4.78, SD = 1.89; Far: M = 4.83, SD = 1.91; Two Samples t-test, 2-tailed: t(1151) = 0.61, p = 0.54). However, ratings of proximal deviant positions were overall somewhat higher at a near distance (M = 3.55, SD = 2.04) than at a far distance (M = 3.36, SD = 1.98) in accordance with the AVS-model. This effect was significant across groups, Two Samples t-test, 1-tailed: t(1151)= 2.29, p < 0.05.

To investigate the differences between the four interaction types, a 2 (Precision Interaction) × 2 (Centre-of-mass Interaction) × 2 (Set) × 3 (Type) × 5 (Position) × 2 (Distance) × 4 (Preposition) ANOVA was conducted (Precision Interaction, Centre-of-mass Interaction, Set, Type, Position and Distance within, Preposition between). Again, ratings of the secondary prepositions of each group as well as secondary control ratings were excluded. The levels of the Set factor were each of the two types of interacting objects. There were main effects of both Precision, F(1, 68) = 35.86, p < .001, and Centre-of-mass Interaction, F(1, 68) = 5.18, p < .05. There were also significant interactions between Position and Precision Interaction, F(4, 272) = 46.85, p < .001, as well as between Position and Centre-of-Mass Interaction, F(4, 272) = 50.73, p < .001. These results show that the interaction variables had a significant impact on ratings, and more specifically that they influenced ratings of different positions in systematic ways. There were also significant interactions between Precision Interaction and Type, F(2, 136) = 6.61, p < .01, on the one hand, and between Centre-of-Mass Interaction and Type, F(2, 136) = 26.19, p < .001, on the other. These interactions show that the interaction types influenced ratings of prototypical, aprototypical and control images differently. These influences are shown in Figure 6, which illustrates how acceptability regions differed between interaction types.

<INSERT FIGURE 6 ABOUT HERE>

In general, these interaction-specific patterns depended on the number and the locations of the dynamic positions, as dynamic positions were rated higher than undynamic positions. More specifically, experimental ratings of low precision images (M = 5.08, SD = 1.96) were significantly higher than experimental ratings of high precision images (M = 4.85, SD = 1.96; Two Samples t-test, 1-tailed: t(11519) = 9.11, p < .001). This difference was non-significant in the corresponding control ratings. Control ratings of low precision images (M = 4.67, SD = 2.15) were insignificantly higher than control ratings of high precision images (M = 4.53, SD = 2.17; Two Samples t-test, 2-tailed: t(2879) = 0.07, p = .942). Experimental ratings of centre-of-mass deviant images were significantly higher at the side at which the functional interaction is fulfilled (Positions 3 to 5) (M = 5.46, SD = 1.83) than ratings of the positions at the opposite side (Positions 1 to 3) (M = 4.89, SD = 1.2; Two Samples t-test, 1-tailed: t(6911) = 17.61, p < .001). This was not the case for centre-of-mass aligned images. Rather, ratings of Positions 3 to 5 (M = 5.23, SD = 1,96) were significantly lower than ratings of Positions 1 to 3 (M = 5.4, SD = 1.96; Two Samples t-test, 1-tailed: t(6911) = 2.27, p < .05). However, this effect was also present in ratings of control images corresponding to centre-of-mass deviant images, but only significant in the nedanför- and under-groups (Positions 3–5: M = 5.31, SD = 2.02; Positions 1–3: M = 4.76, SD = 2.18) and not in the ovanför- and över-groups (Positions 3–5: M = 4.54, SD = 2.3; Positions 1–3: M = 4.5, SD = 2.3) as shown by within group t-tests (Paired Samples t-tests, 1-tailed: Ovanför: t(431) = 0.93, p = .35; Över: t(431) = 0.83, p = .407; Nedanför: t(431) = 3.03, p < .01; Under: t(431) = 4.25, p < .001).

A final aim of the experiment was to assess the joint influence of the position of the centre-of-mass of the located object and the position of the functional part of the located object on ratings. Secondary control ratings were collapsed with the primary control ratings that corresponded to each experimental image set in which the functional part of the located object was dissociated from its centre-of-mass. This operation yielded an estimate of the shared influence of the position of the centre-of-mass of the located object and the position of its functional part on ratings (Control Estimate). Two ANOVAs were conducted for centre-of-mass deviant ratings, one 2 (Set) × 3 (Type) × 5 (Position) × 2 (Distance) × 2 (Preposition) for low precision ratings, and one 2 (Set) × 3 (Type) × 5 (Position) × 2 (Distance) × 4 (Preposition) (Set, Type, Position and Distance within, Preposition between) for high precision ratings. In both ANOVAs, the levels of the Type factor were Prototypical, Aprototypical and Control Estimate. Both ANOVAs showed main effects of Type (Low Precision ratings: F(2, 68) = 46.09, p < .001; High Precision ratings: F(2, 68) = 47.68, p < .001). Importantly, the first ANOVA conducted across low precision ratings showed no interaction between Type and Position, F(8, 272) = 1.75, p = .088. The second ANOVA, conducted across high precision ratings, yielded an interaction between Type and Position, F(8, 272) = 15.94, p < .001. However, this ANOVA showed no significant contrast between prototypical ratings and control estimates within this interaction, F(1, 119) = 2.62, p = .109. In other words, although both prototypical and aprototypical ratings were significantly higher than control estimates, the acceptability regions of the control estimates of both low and high precision images matched the acceptability regions of prototypical ratings, as illustrated in Figure 7.

<INSERT FIGURE 7 ABOUT HERE>

Discussion

Functional Influences on the Acceptability of Swedish Projectives

The results of the present work confirm the prediction that the acceptability of the Swedish projectives över, ovanför, nedanför and under is indeed influenced by functional factors in similar manner as their English and Spanish correspondences. They show that acceptability judgments of the projectives are influenced by the functional interaction between the objects. This influence of function further depends on whether the spatially related objects are functionally related. Ratings of dynamic positions were significantly higher for experimental images than for control images, which is to be expected as a functional interaction is fulfilled in the former but not in the latter. Ratings of dynamic positions were also higher for prototypical images than aprototypical images, which shows that the influence of function was mediated by functional relatedness. Further, across all groups except for the över-group, ratings of undynamic positions did not differ between experimental and control images. This is expected as a functional interaction was fulfilled in neither. These results are of importance as they reconfirm that functional influences on the acceptability of projectives exist cross-linguistically.

The results further show that acceptability judgments of över are more sensitive to functional influences than judgments of ovanför, which also is the case for their English cognates over and above. However, judgments of Swedish under and nedanför are not differentially influenced by function, contrary to English under and below. Thus judgments of the Swedish projectives are not differentially influenced by function in the same manner as their English cognates. Rather, the prepositional pairs behave as the corresponding Spanish terms. As mentioned earlier are judgments of Spanish sobre, corresponding to över, more sensitive to functional influences than encima de, corresponding to ovanför. On the other hand are judgments of debajo de, corresponding to under, and bajo, corresponding to nedanför, not differentially influenced by function. These results are interesting because, based on the research of Coventry and Garrod (2004) and Coventry and Guijarro-Fuentes (2004), one would expect the Swedish prepositions to behave as their English cognates rather than their Spanish correspondences. According to Coventry and Garrod (2004), the degree to which a spatial preposition is influenced by function is related to the degree of polysemy that the preposition exhibits. For instance, whereas above and below are used solely for expressing spatial relations between objects, over and under can be used metaphorically in non-spatial contexts, such as in Bill works under John or The game is over. According to Coventry and Guijarro-Fuentes (2004) Spanish encima de and debajo de express strictly geometric relations, whereas sobre and bajo can be used metaphorically, in the same manner as over and under. However, Coventry and Guijarro-Fuentes (2004) further note that sobre and debajo de constitute one antonymic pair whereas encima de and bajo constitute another. Thus in Spanish there is no correspondence between polysemy and antonymic pairs, as is the case in English. Only one preposition of each antonymic pair is polysemic. Coventry and Guijarro-Fuentes (2004) suggest that this might explain why the Spanish and English prepositions behave differently. However, the dichotomy between the corresponding Swedish prepositions is the same as in English. Ovanför and nedanför, both prepositions having solely a spatial meaning, constitute one antonymic pair, whereas över and under, both being polysemous, constitute another. Therefore, if the account suggested by Coventry and Garrod (2004) and Coventry and Guijarro-Fuentes (2004) is correct one would expect the Swedish projectives to behave as their English cognates rather than the corresponding Spanish terms. 

The Interplay Between Form and Function

The second contribution of the present work is to further show how the acceptability of Swedish projectives is influenced by an interplay of form and function. This was done by showing that function influences acceptability regions associated with the prepositions in predictable manners, depending on aspects of the parts of the spatially related objects and with respect to the predictions of the AVS-model.

When the relation between the spatially related objects was strictly geometric, as was the case for the control images in the experiment, acceptability regions were influenced by geometric factors as predicted by the AVS-model. This was evident from analyzes conducted on ratings of control images only. The shape of the reference object had an influence on ratings, and ratings of specific positions further varied as a function of object shape. This is to be expected as the shape of the reference object influences the orientation of the vector sum. As the vector sum orientation projected towards a specific position will vary across different reference objects, acceptability ratings are expected to vary as well. Further, the interplay between centre-of-mass orientation, proximal orientation and the distance between the spatially related objects also turned out to be in line with the model. Ratings dropped as a function of the deviation between the centre-of-mass orientation and upright vertical and the deviation between proximal orientation and upright vertical further reduced this drop, as predicted. Also, the latter deviation had a higher influence on ratings at a near distance than at a far distance. This is to be expected as the distance between the objects affects the size of the attentional beam, which in turn affects the vector summation. A close distance causes the orientation of the vector sum to approach proximal orientation, whereas a far distance makes the vector sum orientation approach centre-of-mass orientation. Therefore, the proximal orientation is expected to have a stronger influence on ratings when the objects are close than when the objects are further apart. 

When, on the other hand, the objects in the scenes also were functionally related, acceptability regions varied systematically depending on the positions of the functional parts of the objects and the precision required for them to interact. In general, acceptability regions depended on the number and the locations of the dynamic positions and were influenced as predicted. Experimental ratings of low precision interactions were generally higher than experimental ratings of high precision interactions. This is expected as the functional interactions were fulfilled at a number of positions in the former but only at one in the latter. Experimental ratings were significantly higher at the side at which the functional interaction is fulfilled for centre-of-mass deviant images, whereas ratings did not differ significantly within groups for the corresponding centre-of-mass aligned images. This is expected as the functional interaction was fulfilled in the same positions at each side in the latter images. 

Judgments about whether a functional interaction is fulfilled depend on knowledge about what functions the objects afford, and such knowledge is closely tied to the shape and the parts of those objects (Glenberg & Kaschak, 2005; Tversky, 2005). Consequently, such aspects should influence acceptability judgments of projectives. As discussed earlier, some empirical evidence exists for this idea. For instance, Carlson-Radvansky et al. (1999) showed how acceptability regions varied as a function of the position of the functional part. The present work provides further support by showing how an interplay between the position of the functional part and the size of the functional part influences acceptability regions in systematic ways. These results are further in line with Carlson and Ryan (2006). They showed that functional parts are of influence when the spatial term at hand expresses a spatial relation which enables the objects to interact. The relations expressed by the terms used in the present study enabled a functional interaction between the objects when the located objects were positioned at the dynamic positions. A functional influence was also present at these critical locations. 

Finally, the results of this work further show that the influence of function not only depends on the functional part of the reference object but also on the functional part of the located object. This part is not taken into account for by the AVS-model in its present form (as outlined in Carlson et al., 2006). The model accounts for functional influences by assuming that extra attention is paid to the functional part of the reference object, but ignores the form and function of the located object. However, as suggested by Carlson and Covell (2005), the functional interaction between two objects does not only depend on the function of the reference object, but also on the function of the located object, which in turn depends on its shape and parts. Therefore, the functional part of the located object should also be of importance in the process of apprehending projectives. In the experiment, the control estimate was regarded as an estimate of the joint influence of the position of the centre-of-mass and the position of the functional part on ratings. Analyzes showed that the acceptability regions of the control estimates matched the acceptability regions of the prototypical images. This indicates that ratings of prototypical images were influenced by attention paid to both the position of the functional part of the located object and the position of its centre-of-mass. Therefore, functional parts of located objects should be of importance for functional influences. These results suggest that the AVS-model needs to be further developed to be able to account for the form and function of the located object. According to the model, acceptability judgments about vertical projectives depend on the alignment between the vector sum and upright vertical. The orientation of the vector sum further depends on the weighted influence of a number of vectors, rooted across the reference object and projected towards the centre-of-mass of the located object. The influence of the form and function of the reference object is hence accounted for in terms of weight ascribed to the various parts of the object. The located object, on the other hand, is reduced to a point. However, the influence of the form and function of it might be account for in the following way. Attention paid to its shape and functional part might determine the position towards which vectors are projected, and thereby influencing the vector sum orientation. Extra attention paid to the functional part of the located object will bias the position of the projection point towards its functional part. The vector sum orientation will thereby align with upright vertical when the functional part of the reference object is aligned with the functional part of the located object, rather than its centre-of-mass. This would account for the influence of its functional part. 

Although the results of many empirical studies confirm the predictions of the AVS-model, the present work provides a means of directly testing the predictions of the model. Regier and Carlson (2001) provide good empirical support for the strictly geometric predictions of the model, and the placement biases of the Carlson-Radvansky et al. (1999) is in line with the functional prediction of the model (Regier et al., 2005). Further, Carlson et al. (2006) provide empirical support for the idea that extra attention is allocated to the functional part of the reference object. Finally, Carlson and Ryan (2006) show that functional information, that is, functional parts, is of influence when the spatial term at hand expresses a spatial relation which enables the objects to interact. A number of studies thus provide empirical support for various aspects of the model. However, the present work directly tests the predictions of the model. It does so by showing how function influences acceptability regions, depending on aspects of the parts of the spatially related objects. This is done with respect to the geometric predictions of the model. It further provides a means of testing the connection between attention to crucial positions in space and attention to actual functional interactions. This is done by predicting acceptability regions of functional relations between objects from an estimate of the joint influence of the positions at hand. As such, the methodology used in the present study can be useful for testing further developments of the model, such as an extension that can account for the influence of the functional part of the located object.
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Appendix

List of the objects used in the experiment, for each set and experimental condition. Note, that within the nedanför- and under- images set, only the high precision images of the centre-of-mass deviant images have located objects for which the functional parts deviate from centre-of-mass. This is why secondary control images correspond only to high precision images within the nedanför- and under- images set.

	Ovanför and Över

	Set
	Experimental condition
	Reference object
	Located objects

	
	
	
	Prototypical
	Aprototypical

	1
	Low Precision/C.o.M. Aligned
	Coffee mug
	Sugar cube
	Ice cube

	
	Low Precision/C.o.M. Deviant
	Hot dog
	Ketchup bottle
	Toothpaste tube

	
	High Precision/C.o.M Aligned
	Piggy bank
	Coin
	Ring

	
	High Precision/C.o.M. Deviant
	Petrol canister
	Gas pump handle
	Teapot

	2
	Low Precision/C.o.M. Aligned
	Trash can
	Garbage
	Ring

	
	Low Precision/C.o.M. Deviant
	Glass
	Coke can
	Tomato can

	
	High Precision/C.o.M. Aligned
	Wine bottle
	Cork
	Rubber

	
	High Precision/C.o.M. Deviant
	Finger
	Nail polish
	Paint brush

	Nedanför and Under

	Set
	Experimental condition
	Reference object
	Located objects

	
	
	
	Prototypical
	Aprototypical

	1
	Low Precision/C.o.M. Aligned
	Saw
	Log
	Swiss roll

	
	Low Precision/C.o.M. Deviant
	Water tap (kitchen type)
	Glass
	Coffee mug

	
	High Precision/C.o.M Aligned
	Wine barrel
	Wine carafe
	Vase

	
	High Precision/C.o.M. Deviant
	Water tap (bathroom type)
	Toothbrush
	Pipe

	2
	Low Precision/C.o.M. Aligned
	Ketchup pump
	French fries
	Bowl of rice

	
	Low Precision/C.o.M. Deviant
	Can opener
	Tomato can
	Coke can

	
	High Precision/C.o.M. Aligned
	Ear
	Earring
	Fishing rod

	
	High Precision/C.o.M. Deviant
	Water pump
	Watering can
	Petrol canister


Figure Captions

Figure 1. Example of the AVS-model. Attention (dashed circle) is paid to the reference object, yielding a number of weighted vectors (dashed lines) projected towards the located object whose sum (the filled line) is compared with upright vertical. The functional part of the reference object (the bristles) receives extra attention, increasing the weight of the vectors rooted in that part.

Figure 2. Example of the positions of the located objects, marked as Xs. At Position 3, both centre-of-mass and proximal orientation, originating from a, is aligned with upright vertical. At Positions 2 and 4, centre-of-mass orientation, originating from a, deviates from upright vertical whereas proximal orientation, originating from b, is aligned with upright vertical. At Positions 1 and 5, both centre-of-mass and proximal orientation deviates from upright vertical.

Figure 3. Examples of the conditions of the experiment and an illustration of the dynamic positions of each interaction type. Dynamic positions are marked with dark Xs, whereas undynamic positions are marked with bright Xs. Secondary control positions are marked as dots in the centre-of-mass deviant images. 

Figure 4. Dynamic and undynamic mean ratings per preposition as a function of Type.

Figure 5. Mean ratings per preposition as a function of Type.

Figure 6. Mean ratings as a function of Type and the interaction variables. Positions 2-4 were dynamic in low precision/centre of mass aligned interactions, Position 3 in high precision/centre of mass aligned interactions, Positions 3-5 in low precision/centre of mass deviant interactions and Position 5 in high precision/centre of mass deviant interactions. In the experiment, centre-of-mass deviant interactions were fulfilled at either the left-hand (Position 1 or Positions 1-3) or the right-hand (Position 5 or Positions 3-5) side.

Figure 7. Mean of centre-of-mass deviant ratings as a function of experimental ratings and control estimates. For low precision images, the acceptability regions of the control estimates matched the acceptability regions of both prototypical and aprototypical ratings, that is, the overall pattern of experimental ratings.
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