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Abstract

It has been the thought that causation cannot be inferred based upon the effects produced, such as loudness of sound. There is evidence that this is false. This data shows that people can determine the causes, such as density, speed and shape of objects based upon the noises they make. The present study tested this by filling balls of similar size and color with substances of differing masses. These balls were filmed dropping onto a surface. This video was then seen by participants in such a way that they first heard the ball impact, then chose the visual depiction of that same impact and vice-versa. It is our belief that simply hearing the impact of the ball, people were able to accurately match it cross-modally. 

Discrimination of Dynamic Forces Using Cross Modal Matching
In the present study we are interested in events during which something dynamic occurs. An event is a segment of time in a specific place that is observed to have a start and finish (Zacks and Tversky 2001). A few examples of common events are the first and last words of a sentence, a person waving, etc. All these examples of events meet the definition but they can be further broken down into smaller events and also can be seen as parts of a larger event. In fact, a person’s entire lifecycle or even that of the universe can be viewed as a singular event. For this experiment we will define event as the time during which the participant is presented with the dynamic stimulus. Dynamics are the mass and the other forces acting upon an object in motion and can be seen as the causal factors for the way an object behaves. An example of dynamic characteristics would be the reasons for which a ball rolls a certain speed or how high something will bounce when dropped. 

Dynamic events can be seen in everyday life but particularly good examples can be found in sports. For example, when a racquetball player sees the ball rebound off the wall they are seen to predict where it’s trajectory. This is due to previous experience with racquetballs and the way they interact with the environment. However, is it simply a matter of reminiscence or does the player have a deeper understanding of what the ball is capable of doing? If the ball were to rebound in such a way that the player had never experienced before would their predictive abilities fail them? If so then it must solely be due to previous experience. This is not the case however. Players of all kinds of sports seem to have developed an understanding of the capabilities of the ball, puck or other object that their game utilizes. This of course implies that they understand the cause of the object’s motion. 

Hume (1772) argued, through his study of billiards that we can only know how the second ball will behave when the first ball strikes it through experience so deduction using a priori methods is not possible. He did not believe that it is at all possible for someone to witness an event and judge based upon the stimuli provided what the possible cause would be. For example, if a standard basketball were to rebound off the floor to a height of six meters we would know that a great amount of downward force was placed upon the ball. Along with the sight of the ball we would also hear it upon impact, and this sound would provide support for the visual information of the rebound. The ability to postulate the amount of force required on the basketball would be expected by Hume because we have previous experience with basketballs, but what if we used a type of ball that is unfamiliar to the viewer? If we were to substitute an X (unknown) ball for the basketball and show that it rebounds six meters that does not tell us much at all. It could be that this ball is very dense or made of a non elastic material or it could possess any number of other properties. The visual stimuli alone are simply not enough to determine the forces placed on the X ball. It is when we also employ the use of the auditory system, which provides context and additional information, that we are able to deduce the dynamics of the object which allows us to make accurate predictions due to our understanding of the cause.
In order to explain how a person can understand things such as the weight of a ball simply by seeing and hearing it we will first look at how the individual sense modalities can detect dynamic properties of objects. Then the integration of these different sensory systems will be examined. Lastly information on the importance of cross modal matching tasks will be provided before moving on to the current study.
Unimodal Sensory Detection of Dynamic Qualities
Gaver (1993) makes it clear that the study of sounds is a largely unexplored region in science. He strongly believed this and his organization of sounds, analysis of what sounds are, how they are produced and his historical perspective on the uses of sounds in science was a great undertaking by him to fix this problem. Gaver believed that the scientific studying of sounds will eventually produce very important findings in the realm of cognitive science. Gaver (1993) later published a study in which he described in great detail the way in which an auditory signal from the environment provides the participant with the perception of hearing something like an airplane or a duck. 
Gaver’s investigations into sound provide a vast amount of general knowledge about the nature of auditory stimuli, as well as strong arguments on the importance of research in the field of sensation and perception as a whole. Other researchers have provided similar findings in their specific area of investigation in previous and concurrent studies on perception. It is through first examining the different sensory modalities as distinct entities that we can then draw conclusions about perception as a whole. 
Touch


The ability to study the properties of an object by moving your hands around its surface, also known as dynamic touch, was shown to be effective in accurately determining the lateral and longitudinal dimensions of objects in a study by Turvey et al. (1998). It was also shown that participants, when wielding the objects in the study, could either attend to the position of their hand or that of the object as though it were an extension of the hand. In other words they were able to manipulate the objects into specific orientations utilizing only haptic information, such as the perceived dynamics acting upon the object at its different parts.  
In a previous study Amazeen and Turvey (1996) examined this phenomenon of perceived heaviness. They found that the perceived heaviness of an object was a result of the inertia tensor (the forces, excluding gravity, which pushed the object down) and not that of the mass of the object. Shockley, Carello and Turvey (2004) followed this line of research by providing more findings showing that it is in fact both the inertia tensor and the mass of the object which defines its perceived weight or movableness. In summation, Turvey, along with many others have found the different “touch” type modalities to be capable of determining the characteristics of object, including its dynamic qualities.
Gerhard von der Emde (2004) studied weakly electric fish and found that they are able to obtain three dimensional representations of their surroundings. These fish were able to “feel” their environment through the electric waves bouncing off of objects. They were seen to use this information to make judgments about the objects in their environment. This electrolocation can be described as a type of feeling that has components of hearing as well.
Sound 
Li et al. (1991) provided evidence that the gender of a walking person was identifiable due to the sound characteristics produced by that walker which were dynamic yet seemingly unrelated. Despite a high occurrence of female walking sounds being notably higher pitched, they claimed that this is a coincidence and the real difference lies deeper within the sound signal. They attempted to explain their positive results by stating that they believed that the participants would try to determine the weight of the participant when making their judgments. Li et al. could not determine if their ability to perform well on the task was due to a priori deduction or not and as a result they were unsure if there was something more to their participants’ decision making than simply experience.

To build upon the ideas proposed by Li et al. (1991) multiple studies were conducted to evaluate a person’s ability to judge the characteristics of objects based on auditory information. Kunkler-Peck and Turvey (2000) conducted a series of four studies in which they investigated the ability of their participants to hear the shapes of thin, vibrating plates. They found that the participants could perform well on this task under a few methodological conditions. In the first two experiments the participants were asked to estimate the dimensions of the plates, and in the last two the participants were asked to identify the shapes of the plates. The participants were able to do well on this task despite variations in plate composition or the material they used to make the plates. Their overall positive findings suggest the participants’ ability was due to their attention to a particular part of the auditory signal which had provided them with the dynamic information they needed to make their judgments.
Cabe and Pittenger (2000) conducted a study in which they investigated the ability of participants to detect the fullness of vessels while they were being filled. They found through the use of four levels of a vessel filling task that participants could identify the fullness of the vessel through the use of auditory information. This shows that people have the ability to “visualize” objects and events as they occur without and being given any visual information. The participants seemed to be able to take the audio information and translate it the visual sense due to their dynamic qualities.
Grassi (2005) used balls of different masses and found that participants were capable of judging the mass these balls when the heard them dropped onto plates depending on a few conditions. The participants were able to perform on this task best if they kept the size of the plate constant, while variations in plate size would reduce their performance. This was due to the combination of the sound produced by the balls and plates when they collided. The larger plates would make the balls seem lighter due to the diffusion of the sound. This finding exemplifies how the audio perception of the dynamic qualities in the perceived stimuli is combined since there are always at least two stimuli being perceived in dynamic events. 
Vision

If something can be seen then certain attributes of that object can be discerned. Some of these are distance, form, velocity, color, intensity and saturation. Johansson (1976) stated that the visual system is far too flexible to be covered by a “rigid” formula, which implies that our visual systems do not follow mathematical laws. In 1977 he went on to study a kinematic property, motion. In regard to studying motion, different types of visual information can be received by the eye and interpreted separately.
There has been debate as to exactly what the information received from visual components of the characteristics of an object is. Bingham, Schmidt and Rosenblum (1995) sought to find some of these components by trying to determine at what level people are able to visually discriminate between certain properties of a visual stimulus. They were shown moving patch-light displays, which are networks of dots that would move as though they were affixed to something such a walking person, and asked what the lights might represent. Based upon the movements of the lights the participants were able to accurately determine factors such as biological movement, aerodynamic functions and much more. They stated that this was due to the participants’ perception of the apparent forces at work on the “object”. 
Oomes and Dijkstra (2002) investigated the methods in which a person can identify three dimensional shapes. The perception of three dimensionality relies heavily on being able to see an object from more than one angle. They investigated this ability by changing either the orientation of the object or the viewpoint from which the participant viewed the object. It was found that changing the viewpoint produced more significant results than changing the orientation of the object. This was most likely due to the fact that changing the viewpoint would also change the angle that the environment is viewed at and therefore provide supporting contextual information about the object.
 People are very sensitive to conservation of force and, as Twardy and Bingham (2002) demonstrated, participants would notice something wrong when viewing a force exchange in which a fraction of the force was lost. This was found utilizing free-fall events in which violations of the conservation of force were more readily detectable in the loss of force than the gain of it. This is most likely due to commonplace experiences in which the second object in an exchange of momentum moves faster, such as a bowling ball striking the pins. This previous experience leads the participant to make mistakes in this situation, but more often then not experience with the way objects react to their environments can be extremely helpful in making predictions and judgments.

In another study investigating visual perception of dynamic properties Runeson, Juslin and Olsson (2000) noted that participants were capable of determining the mass of two objects as they collided. The participants seemed to be able to judge the different internal, or dynamic, qualities based upon how the ball would react after the collision. They also found that experience is incredibly important in making accurate judgments. 

Sensory Modality Integration

The different senses are constantly operating, except when actively obscured. This provides people with different types of information about an object or event simultaneously. These multiple modes of detection can be complimentary, provide context for one another or even contradict each other. Such contradictions have been the topic of great interest for many perceptual researchers including Caclin et. al. (2002) who investigated the cross modal interactions of audition and touch. They found that when a person feels a vibration coming from a certain location at the same time that they hear a sound they will experience that sound emanating from that location. This would only occur if the vibration and the sound were presented simultaneously however. 
Larsen et. al. (2003) conducted s somewhat different study on multi-sensory confusion focusing on speech perception. They presented letters of the alphabet that were both spoken and presented visually to the participants. After the presentation the participants were asked to recall what they could remember from the presentation and whether they had seen or heard it. Modality confusion was found to occur, which is how the participant would report that they heard something when in fact they only read it or vice-versa. This occurred more often when the participant had to pay attention to the two sources simultaneously. Interestingly, if the visual and auditory information was congruent then the participant would be much more likely to remember the letter or set of letters. This finding provides support for the idea that cross modal congruent information can greatly increase perception and recall of information.
Speech perception has in fact been a major field of study in psychology in which people have investigated phenomenon such as it being easier to understand what a person is saying if you look at them as they speak. This happens because spoken language recognition is a multi-sensory phenomenon. Tuomainen et. al. (2004) found that integration of auditory and visual stimuli are especially important in speech perception due to the fact that when combined the two senses are much more than the sum of their parts. In other words, speech perception cannot be broken down into simple components as previous researchers had hypothesized.
In a related study by Schwartz, Berthommier and Savariux (2004) it was found that environments with a lot of background noise speech perception would be nearly impossible when relying on auditory stimuli alone. Understanding is made much easier when the person can see the speaker. Gordon and Roseblum (2005) show that when a participant can both see and hear a non speech object, as opposed to only see or hear, information is more readily and accurately obtained. This supports the idea that some information is modality-neutral, meaning that some information, such as speech, does not quite fit completely within the confines of any single sensory modality. 
Cross Modal Matching

The use of multiple modes of perception in the real world tends to be helpful in understanding the information perceived by a person. Cross-modal matching plays on this fact by having participants experience information from a dynamic event in one sensory mode then be asked to choose between multiple alternatives in a different sensory mode what the correct match is. This method is important because participants’ ability to perform well on this task show that they are perceiving the dynamic forces as that is the only criteria upon which they would be able to make accurate decisions between the alternatives.

This method comes from a study by Lachs and Pisoni (2004) in which people were able to identify a speaker when paired with similar speakers. Utilizing multiple degrees of transformed speech they found that only when the transformations were structured so that the formants (which are associated with vowel sounds) and transitions (which are associated with consonants) were preserved the participants scored above chance. The ability to use cross-modal matching to correctly identify the source of a sound, such as the speaker in Lachs and Pisoni’s study, seems to be language specific due to certain constraints such as the necessity of the preservation of the formants, yet could similar results be found utilizing a similar matching task for non-speech stimuli?
Current study


In our study we looked at the ability to discriminate between balls of different masses using cross modal matching. We believed that the participants could accurately match the stimuli with only a basic understanding about balls in general but with no prior experience judging the particular balls that we used in our study. 

The balls we used in our study were perfectly identical in size, shape and color. They all had an approximately half inch rubber shell with an empty inner core. This core was filled with materials of varying densities, thus producing balls of different masses. 
These balls were videotaped and the video was imported into a computer program for easy and reliable use by the participants.

We expected that participants would be able to accurately judge the mass of the balls based on auditory information and translate that data into a visual format instead of trying to abstract and quantify that information into a numerical value. In the first condition they were initially presented with the visual stimulus, this was followed by two different audio stimuli that were presented sequentially. They asked to match the sound-only version with the video they saw earlier. In the second condition we simply swapped the positions of the audio and visual information so that the participant would first hear the ball and then see two different bouncing balls. We predicted that they would perform equally well under both conditions. Their ability to perform well on these tasks would provide support for the theory that the perceiver has the ability to interpret the dynamic characteristics of an object in a sound producing event and translate those characteristics across modalities. Significant findings would also show that the cause of an event is not only capable of being perceived but that this occurs as a commonplace event.
Methods
Participants

Fourty undergraduates currently enrolled in an introductory psychology class at California State University Fresno participated in this study. They received class credit for their participation. When asked if they had normal, unaided hearing and unimpaired or corrected vision at the time of the testing all of the participants responded in the affirmative. Those who responded negatively were not going to be used in our study. None of the participants had any previous experience with the stimulus materials.
Stimulus Materials


Ten rubber balls with an average inner volume of 80ml and a border thickness of 2cm were utilized in our experiment. Each ball was opened along its circumference with an incision of approximately 1.5 inches. The balls were then filled with substances of different masses and sealed with an epoxy. The substances that were chosen to be used in the balls as well as their masses were recorded (see Table 1). Then they were each painted black and labeled to avoid confusion. The black paint added approximately .002 lbs to each ball. Prior to videotaping, the balls were arranged hierarchically according to their weight and assigned the letters “A” through “J” in respect to their order. Prior to filming the labels werebe removed.

Each ball bouncing event was filmed in our laboratory, due to our need for as little distracting sights or sounds as possible, using a digital camera. The balls were dropped by hand from a height of 3 feet above the impact surface, which was above the visual field of our camera. Our recordings were imported onto our Power Macintosh G4 computers and edited using both Adobe Premiere and Final Cut Pro 3. The audio stimuli was cut off at the point where the ball reaches the peak of its arc on its initial rebound while the video stimuli was allowed to play out so that the participant could see the frequency and speed of the bounces. These two types of stimuli were organized into
	Inner Substance
	Letter
	Mass (grams)

	Air
	A
	57.2 g

	Wood Shavings
	B
	68.0 g

	Ground Pepper
	C
	93.4 g

	Baking Flour
	D
	94.3 g

	Granulated Sugar
	E
	112.0 g

	Canola Oil
	F
	113.0 g

	Water
	G
	117.0 g

	Aluminum Staples
	H
	119.0 g

	Iodized Table Salt
	I
	139.0 g

	Lead Fishing Weights
	J
	368.0 g


TABLE 1 Inner ball substances and weights. Other substances such as steel bbs and wadded notebook paper were initially chosen to be used in the experiment but later rejected due to their production of such confounding variables as irregularity in bouncing patterns and extraneous noise production.
the program PsyScope X Beta I in order to achieve standardized presentation to the participants.

 The substances were chosen according to certain criteria. The main reason the substances within the balls were used is that they are all fluidic. Non-fluid substances, as stated earlier, would produce irregular bouncing patterns that potentially could influence the participant’s decision making. Also the chosen substances were inexpensive and easily obtainable so as to promote replication of the experiment and avoid high costs.
Measures


The dependent measure of this study is the participants’ ability to correctly identify the target stimulus. This dependent variable was evaluated under two procedural conditions, visual stimuli then audio (V-A) and audio stimuli then visual (A-V). The other independent variable was the random ball pairings. The total correct selections of the target stimuli was compared against chance to determine whether or not the independent variables produced significant effects. 
 Procedures

During the testing phase of condition one the participants were first presented with the audio information using Beyerdynamic DT150 studio headphones at 74 dB SPL. After a brief pause (about 0.5 seconds), the target and distracter videos were presented sequentially using a 17” Mitsubishi Diamond Plus (0.25” dotpitch) monitor.
Each ball was randomly matched with its distracter. Table 2 shows the first of four random ball pairings in which replication of pairings were not allowed. In each trial a ball from the left column would be presented along with its match in the right column. For example, every time the flour ball will be used as either the target or the distracter the salt ball will be used as well. 
The two alternative forced choice cross-modal method was employed in our testing situations. After presenting both sets of stimuli the participant was made to choose the correct alternative, which was the stimuli that matched the target prompt. They made their selection by pressing either the number 1 or the number 2 key which correspond to the relative positions of the stimuli in he presented sequence. There was a total of 

	Air
	Ground Pepper

	Wood Shavings
	Water

	Baking Flour
	Alum. Staples

	Granulated Sugar
	Table Salt

	Canola Oil
	Fishing Weights


TABLE 2 Random ball pairing one. There were a total of four random pairings in which the balls were paired without replication so that each pairing list had novel pairings.
one-hundred and twenty trials, twelve trials of each of the ten balls. This took the participant approximately 10 mintues, not including voluntary break times that would occur every thirty trials, since they spent about 5 seconds on each trial. After the trials the program end and the screen would display the debriefing statement, which the participant was given a printed copy of as they exited the lab.
Results

The results from the 40 participants’ trials were analyzed using a 2 (Condition: ‘audio-video’, ’video-audio’) by 4 (Sequence: random pairings 1-4) ANOVA and t-tests for the main effects and group performance in regard to procedural condition.

As predicted, the participants were found to be able to discriminate, beyond what would be expected by chance (0.5), between the two alternatives, t(39) = 3.21,p < .05. 

Figure 1 shows the performance of each participant in ascending order grouped by condition. The center line is the chance line (0.5) and the top line is the point at which scores are significantly above chance (by binomial distribution). The graph illustrates that most people had scores higher than chance and some of those were significantly above chance. 
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FIGURE 1 Bar graph of individual participant performance separated by condition. The value pcorrect of 0.5 is equal to a 50% chance and those participants who scored significantly above chance had scores of approximately 0.58 or higher.

Also as predicted, we found no effect for sequence F(3,32) = 1.29, n.s., nor did we find an interaction between sequence and condition F(3,32) = 1.26, n.s. This was an important finding because it shows that the participants were not able to perform better on any particular sequence than the rest.
Though we did not expect a main effect of condition we found that the condition did play a significant role F(1, 32) = 8.81,p <.01 in determining how well the participant would perform. In the A-V condition participants performed significantly above chance t(19) = 3.92,p < .001. In the V-A condition participants did not perform beyond the level of chance t(19 )= .52, n.s.

Figure 3 illustrates how the average performance of those in the V-A condition was exactly at 50% which would be expected by chance while those in the A-V condition had their average at around 55%. 
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FIGURE 2 Box plot of participant performance grouped by condition. When grouped by condition the median score of those participants in the A-V condition is found to be above chance while that of those in the V-A condtion is exactly on chance. In this figure the shaded box represents the interquartile range, the bold line indicates the median score, and the whiskers represent the range from the highest to the lowest score, excluding outliers.

Discussion

Our results supported our hypothesis by showing that the participants were able to perform significantly above chance. This shows that they must have been basing their matches on some kind of criteria. That criteria must have been the perceptible dynamic qualities of the balls since other criteria were restricted to the participants in our study.
We also found that presentation order is important. As our data shows it was easier to perform well on this task if the participants were first presented with the audio stimulus as opposed to the video. We are unsure why this effect was produced, but it seems to be logical and was found significant so it cannot be an aberration. 
The effect of condition may be due to the way human working memory operates in relation to sensory memory. Using the phonological loop the participants were likely capable of repeating the sound over and over while matching it to the video stimulus. Those in the V-A condition had to rely on their visuo-spatial sketchpad to remember the target stimulus and in other lines or research this has not been shown as a good way of remembering things. Investigation into the effects of working memory is being planned.

Hume argued that the only way we can make accurate predictions when witnessing the effects of a dynamic event was through experience but our data shows that this may be an incorrect assertion. Our findings support the theory that the cause of an event can be inferred based on information gained from the effects of that event. This data shows that deductions using a priori methods are not only possible but commonplace. 
Our results also indicate that people can detect the qualities of an object and transfer them cross-modally, as was seen in Lachs and Pisoni’s work on language in 2003. Though the findings from their study seemed to be language specific our results have expanded the scope of this effect by showing that they don’t necessarily have to be.
Many follow up studies are currently being planned. The goal of these experiments is to attempt to explain why the participants in the A-V condition performed so much better than those in the V-A condition. One such idea of a possible experiment is the utilization of pre and post test surveys in which participants would indicate their ball selection confidence. Another would be to examine the variations on stimuli length/duration and or quantity and the usage of objects of different sizes/shapes.

In conclusion our study showed that a two alternative forced choice cross-modal matching task was the primary reason for us to be able to produce our results due to how it keeps the information at its raw state. Instead of asking the participants to abstract the information they are processing into numerical form, we had our participants transfer the sensory information they have across their senses, similar to the study by Cabe and Pittenger (2004). We believe that this method allowed them to make accurate judgments because none of the information was lost in the process. 
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