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ABSTRACT OF THE DISSERTATION 

Age-Related Differences in Motion Pooling, Collision Detection and Training 

by 

Carissa Marie Lemon 

 

Doctor of Philosophy, Graduate Program in Psychology 

University of California, Riverside, September 2017 

Dr. George J. Andersen, Chairperson 

 

 

The present dissertation examined collision detection in the context of motion pooling, 

aging, and training. Three aims were developed to investigate these issues. The focus of 

Aim 1 was motion pooling, collision detection and performance of young adults. With 

Aim 2 aging, motion pooling, and collision detection were assessed. Lastly, the purpose 

of Aim 3 was to examine the effectiveness of training of older adults on a collision 

detection task. In Experiments 1-10 the effect of additional optic flow information—from 

adjacent velocities—on collision detection was examined for college-aged and older 

adults. Results suggest that velocity information adjacent to an approaching object alters 

the ability to determine bearing information and this decrement in collision detection was 

greatest when adjacent velocities were in close proximity to an adjacent object. In 

addition, this decrement was not found to be due to the mere presence of velocities in the 



v 
 

flow field. Further, the presence of adjacent velocities did not alter the utility of 

expansion information but did alter the use of constant bearing information. Given the 

results of Experiments 1-7, in Experiments 8-10 the effect of motion pooling on older 

adults’ abilities to detect impending collisions was assessed. Previous studies have 

indicated a decline in the ability of older adults to detect impending collisions and results 

of Experiments 8-10 suggest that older adults have reduced collision detection sensitivity. 

Additionally, older adults may use the presence of adjacent velocities to compensate for 

declines by using the objects that provide adjacent velocity information as landmarks for 

determining bearing. Finally, Experiment 11 examined whether perceptual learning can 

improve performance of older participants on a collision detection task. The experiment 

was conducted over seven days with each day consisting of a 1-hr session. Results 

indicate a significant reduction in the time needed to detect a collision for the trained 

condition as well as an untrained observer speed condition. Results demonstrate that 

collision detection performance for older participants can be improved with perceptual 

learning and may transfer to untrained observer speeds. 
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Age-related differences in motion pooling, collision detection and training 

The National Highway Traffic and Safety Administration (NHTSA) reported 30,057 

fatalities and 5,584,000 non-fatalities from motor vehicle crashes in 2013. Of this data, 

collision with another motor vehicle made up 68% of all crashes. Misperception of 

motion likely accounts for some of these vehicular accidents and these statistics portray 

the necessity to examine a driver’s ability to detect a collision with another object, 

particularly another vehicle in motion. The accurate perception of motion is necessary to 

avoid collisions and navigate safely through the environment. Thus, research concerning 

the role motion perception in determining collision events is critical for determining how 

to increase the safe operation of vehicles.   

When we drive, our visual system is continuously extracting information from the 

surrounding scene. It is this information that allows us to perform various driving tasks 

such as braking and steering. Perception of this visual information provides us with the 

ability to identify our own motion as well other objects’ motion. It is the veridical 

perception of motion that allows us to safely complete numerous driving tasks including 

detection of an impending collision, speed regulation, and braking. The research in this 

dissertation examined the ability of the visual system to recover information for one 

driving relevant tasks—the detection of an impending collision.   
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Chapter 1: Collision Detection and Motion Pooling 

Before presenting the research done for this dissertation, it is appropriate to review 

the types of information recovered during high level tasks relevant for driving, and 

discuss the mechanisms involved in this recovery. I will begin with a discussion of self-

motion and related tasks, such as determining time to contact, interceptive action and 

collision detection.  

Self-motion 

Gibson (1950) proposed the term optic array to describe the projection of light onto 

the retina which provides useful information to the observer. Partial or complete 

deformations of the optic array results from motion of an observer relative to his 

environment or objects in the environment relative to the observer.  As observers and 

objects move in a stable environment, the pattern of light intensities on the retina will 

undergo a transformation called optic flow (see Figure 1). Typically, object and observer 

motion results in complex patterns of optic flow. Despite the complexities of optical 

flow, the human visual system can process and determine the origin of flow pattern 

deformation—observer motion, object motion or a combination of the two.   

A vital aspect of successful locomotion is the accurate perception of the direction of 

motion, or heading. Optic flow and its relevance to guiding self-motion was first 

described by Gibson (1950; 1958). Gibson (1950) demonstrated that optical velocity 

radiates outward from a "focus of expansion" (FOE). At the FOE, velocity magnitudes 

are nearly zero and as optical velocity radiates out to more peripheral locations the 
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magnitude of the velocity increases. It is this pattern of variations in velocities that results 

in the FOE specifying the direction of locomotion.  

Object Motion. The accurate perception of an object’s motion in the 3-D world is a 

vital task and has major implications for common everyday actions, such as intercepting a 

ball or avoiding a collision. Various sources of information are available to the observer 

to recover motion trajectories of objects in 3-D scenes including binocular information 

based on the rates of change in disparity and vergence (Beverley & Regan, 1974), change 

in angular speed and angular size of an object’s projected image (Portfors-Yeomans & 

Regan, 1997; Zhang, Braunstein, & Andersen, 2011) and scene information that can be 

used to determine depth and distance of objects in a scene and how this information 

changes during object motion (Gibson, 1950; Rushton & Duke, 2009; Zhang et al., 2013). 

Perception of self-motion and object motion  

 Tau and TTC. A more specific, but still critical, 3-D motion task is determining 

the time until an impending collision will occur. One source of information that has been 

examined extensively in terms of time to a collision is the optical variable tau (τ). 

Consider an observer approaching a static object at a fixed speed; under this condition, 

the visual angle of the object will increase. An analysis by Lee (1978; 1980) indicated 

that the time-to-contact (TTC) to the object was specified by the inverse rate of expansion 

(change in visual angle) of the object, often referred to as tau (τ).  

Schiff and colleagues (Schiff et al., 1979; Schiff & Oldak, 1990) measured 

judgments about TTC in which an object approached observers and then disappeared 

from view. Schiff et al. (1979) instructed observers to press a button when they thought 
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the collision object would reach them had the object continued approaching at the same 

speed after it disappeared. Estimates of TTC increased as actual TTC increased, 

suggesting that judgments were based on optical TTC. Underestimations for time to 

arrival are a common finding in TTC related studies (Carel, 1961; Schiff & Detwiler, 

1979; Caird & Hancock, 1994). Caird and Hancock (1994) note some limitations with the 

disappearance methodology of TTC studies. For example, they question whether 

observers are following instructions and if observers are making their judgments based on 

when they believe the object will hit them or when they will begin reacting to avoid 

negative consequences. 

Another limitation of τ is that it can only be derived if one assumes constant 

velocity, that is, that the observer is approaching the object at a constant speed or when 

an object is approaching an observer at a constant speed. Under real world conditions this 

assumption could be easily violated, as drivers often vary their speed while driving or if 

an approaching object’s speed is varied. In addition, the optic variable τ is only relevant 

when a collision is imminent (Cutting, Vishton, & Braren, 1995). Though τ is useful for 

specifying the amount of time before a collision, it is not useful for detecting a collision 

and therefore, these studies do not address what information is available for detecting a 

collision event. Finally, other studies (DeLucia, 2005; DeLucia, Kaiser, Bush, Meyer, & 

Sweet, 2003; Kim & Grocki, 2006) have provided evidence that suggests, for certain 

conditions, observers utilize sources of information other than τ (i.e. binocular disparity, 

motion parallax, occlusion, and shading) to judge TTC. 
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Time derivative of Tau. Lee (1976) also proposed an optical variable useful for 

collision avoidance during deceleration, the time derivative of tau (͘τ). ͘τ defines the 

appropriate deceleration to avoid collision of an observer when approaching a static 

object. Regulation of ͘τ is thought to be useful for the control of braking behavior (Lee, 

1976). ͘τ defines a critical value of -0.5 for accurate deceleration to avoid collision with an 

approaching object. If ͘τ  >= -0.5 then the observer will stop before the object.  If ͘τ < -0.5 

then a collision will occur.   

In addition to being useful for braking, ͘τ has been shown to be advantageous for 

determining the severity of an impending collision. Kim, Turvey, & Carello (1993) 

presented observers with displays simulating forward motion to a static object and 

required observers to make a judgment of hard and soft collisions. ͘τ < -0.5 were judged 

as hard collisions whereas ͘τ > 0.5 were judged as soft collisions. Yilmaz and Warren 

(1995) presented observers with displays simulating forward motion in addition to a 

ground plane with road signs. The observer’s task was to adjust deceleration such that the 

observer would stop at the road sign. The mean ͘τ of observers was -0.5 and varying the 

presence or absence of a ground plane or the size of the object in the scene did not alter 

the regulation of ͘τ.  

However, several sources of information may be used to detect a collision and 

these sources were not addressed in the Yilmaz et al. (1995) and Kim et al. (1993) 

studies. Related work has suggested that collision detection and braking behavior is not 

solely reliant on ͘τ (Andersen, Cisnersos, Atchley, & Saidpour, 1999; Andersen & Sauer, 

2004). The results of Andersen et al. (1999) suggest that both edge rate (the rate at which 



6 
 

features in the environment pass the observer) and size information are used to detect 

collision events. Given the wide range of information sources available within the 3-D 

world, researchers have examined which of these information sources are used by 

observers for the perception of object motion. For example, with regard to angular speed, 

Regan and Kaushal (1994) found that changes in angular size and angular speed during 

object motion were sufficient for determining the direction of 3-D motion. Zhang et al. 

(2011) found that deviations in angular size and speed were used by observers to 

determine the curvature of the trajectory of a moving object. In addition, increases in 

angular size or speed during a motion sequence results in judgments of increased height 

above a ground plane and larger angular size at the end of the motion sequence was 

judged with greater height (Zhang et al., 2013). 

 Interceptive action. Interceptive action, such as catching or hitting a baseball can 

provide insight into perceptual abilities relevant for collision detection. Unlike safe 

driving, when one should avoid a collision, successful interceptive actions require the 

observer to engage in a collision.  Intercepting an object requires a precise determination 

of self-motion and, if the object is moving, the direction and speed of the object. Of 

relevance to the current topic, is the use of strategies to determine motion of a moving 

object. Prior studies have shown that the ability to determine the time when a moving 

object will reach the interception point is determined by the TTC of the object with this 

point. Other studies have examined the use of bearing (the position of an object in the 

visual field) information.  Specifically, studies have determining constant bearing—
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perceiving an object maintains a fixed position in the visual field—is important for 

interceptive action as well (Bastin, Craig & Montagne, 2006). 

 Additionally, previous research has found evidence that time to arrival judgments 

(that point at which an approaching object will pass the observer) are based on image 

velocity information (Kerzel, Hecht & Kim, 1999).  In addition, Oberfeld & Hecht (2008) 

found that an adjacent moving object altered time to contact judgments, suggesting that 

adjacent image velocity information can alter the perception of motion in depth.  Other 

studies, (Wang, McBeath & Sugar, 2015) found that navigation paths, when intercepting 

fly balls, was altered by the presence of a large moving background.  These studies of 

interceptive action and the perception of object motion, considered together, suggest that 

information surrounding a target may alter perception of that target.  

 Collision detection. Other studies been conducted to examine observers’ collision 

detection sensitivity directly (Kim et al., 1993; Andersen & Enriquez, 2010; Andersen & 

Ni, 2008). To measure sensitivity, these studies typically present stimuli on linear 

trajectories or simulate motion on a linear path. For the sake of brevity, I will focus on 

the information available for a linear collision at a constant speed (see Andersen & Ni, 

2008 for research on the perception of constant curved collision events). Studies 

examining linear trajectory and constant speed collisions often require observers to 

indicate whether the motion of an object was or was not on a collision trajectory with the 

observer. A collision event under these conditions is defined by the presence of 

expansion of the approaching object (the projected size of the object increases over time) 

and constant bearing. Constant bearing refers to an object maintaining an angular 
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direction or fixed position in the optic flow field (Kaiser & Mowafy, 1993). Non-

collision objects on a linear path will also have expansion information but will have an 

angular direction that varies over time or a non-constant bearing.  

Previous studies have examined the ability of observers to detect a collision event 

when multiple moving objects are present (Andersen & Kim, 2001), and have assessed 

age-related differences in detecting collision events under stationary and moving observer 

conditions (Andersen & Enriquez, 2006). Results of these studies suggest that both 

expansion information and bearing information are used in detecting a collision. In 

addition, the studies indicate a decline in collision detection performance with an increase 

in the number of objects present in the display (Andersen & Kim, 2001) or with an 

increase in observer speed (Andersen & Enriquez, 2006).  Considered together, these 

studies suggest that the decline in collision detection performance may be the result of 

combining or pooling the velocity information from other moving objects or from the 

increased projected velocity of the surrounding scene that occurs when observer motion 

is increased. 

Other studies have examined collision detection during deceleration and braking 

regulation in which safe deceleration is specified by the time derivative of τ (Andersen, 

Cisneros, Saidpour, & Atchley, 1999; Kim, Turvey, & Carello, 1993). The results of 

these studies show that observers use the time derivative of τ or ͘τ, as well as size and 

distance information, for detecting collisions during braking.  

Many studies on collision detection have focused on a stationary observer and an 

approaching object. While these studies are informative, they neglect the impact of 
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observer motion on collision detection performance. Research has found performance 

differences when observer and object motion are present as compared to when object 

motion is present and the observer is stationary or moving at different speeds.  

Specifically, previous studies have found that TTC judgments were shorter when 

observer motion was present as compared to when the observers were stationary 

(DeLucia & Meyer, 1999; Gray, Macuga, & Regan, 2004).   Andersen and Enriquez 

(2006) presented younger and older observers with displays simulating self-motion and 

object motion. They found that collision detection declined as the speed of observer 

motion was increased when TTC with the object was constant.  Additionally, this decline 

in sensitivity was greater for older adults as compared to younger adults.  

 Motion Pooling. Consider a collision event in which the observer and object are 

traveling on linear paths.  As discussed earlier, under these conditions the collision event 

is defined by object expansion and a fixed bearing. In addition, assume that there are 

objects in the scene that are behind the approaching object. If the objects are not 

positioned at a great distance, such as the horizon, then the objects will translate in the 

visual field to the left and right of the heading direction of the observer as a result of 

observer motion.  If these scene objects are in close proximity in the visual field to the 

collision object then there will be velocities in close proximity, in the projection, to the 

collision object.  If the visual system pools velocity information within local spatial 

regions then the adjacent velocity of the scene objects may be pooled with the motion of 

the approaching object. This could alter information of the collision event in two distinct 

possibilities. First, because the scene objects are further than the collision object then the 
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slower velocity of the distant scene objects could be combined with the expansion 

information of the approaching object. This would result in a decrease in the expansion of 

the approaching object and might decrease the ability to detect expansion information. 

The second possibility is that the scene objects will be translating in the visual field to the 

left or right of the collision object.  As a result of velocity pooling, the translation of the 

scene objects might be combined with the static bearing of the collision object (see 

Figure 2). This could result in a misperception of the bearing of the object, with the fixed 

bearing of the collision object being perceived as a changing bearing (and thus not be a 

collision event).  

 The presence of scene objects behind an approaching collision object could result 

in incorrect speed and direction of the approaching collision event 

 There is an extensive literature from computational, neurophysiological and 

psychophysical studies that provide evidence of motion pooling. Studies investigating the 

neurophysiology of motion processing in non-human primates have provided support for 

motion pooling. MT (middle temporal region of visual cortex) has been found to be tuned 

to direction and speed of moving patterns (Duffy & Wurtz, 1991a; 1991b; Tanaka & 

Saito, 1989). Additionally, the receptive fields of MT are larger than their input from 

earlier levels of visual cortex (Albright & Desimone, 1987). Consequently, neurons 

within V5/MT are thought to integrate the output of motion responses from V1 into a 

global representation (Perrone & Thiele, 2001). Furthermore, studies have measured 

responses to multiple stimuli moving through the receptive field of MT cells and results 

from these studies demonstrate that MT cells average multiple inputs (Newsome, Britten, 



11 
 

& Movshon, 1989; Snowden, Treue, Erickson, & Andersen, 1991).Therefore, an 

averaging of local regions occurs within extrastriate cortex area V5/MT.     

 Numerous computational models have been proposed to account for self-motion 

estimation and may provide further support for motion pooling. (Koenderink & van 

Doorn, 1975; Longuet-Higgins & Prazdny, 1980; Royden, 1997; Perrone, 1992). For 

brevity, I will focus on models that are motivated by neurophysiological findings of 

motion processing. Royden (1997) proposed a mathematical analysis of heading and 

depth that uses motion-opponent operators similar to neurons found in middle-temporal 

(MT) of the primate visual system.  The motion-opponent cells have spatially extended 

receptive fields that tend to average motion information and consequently, these cells 

average velocity information across local regions of the visual field.  Likewise, an 

approach proposed by Perrone (1992) uses inputs from the classical receptive fields of 

MT neurons. It is comprised of speed and direction tuned cells that analyze the motion 

patterns in the retinal image and then sums the outputs. Both Royden’s and Perrone’s 

models have been found to compute self-motion judgments with considerable accuracy 

and assume that cells in MT are pooling or averaging velocity information. 

Simoncelli and Heeger (1996) developed a computational model of MT based on 

electrophysiological studies that indicate that neurons in MT are selective for the velocity 

of visual stimuli. The model proposed is comprised of two stages. The two stages 

compute a weighted linear sum of inputs and normalization. V1 receptive field weights 

are designed for orientation and direction selectivity. MT receptive field weights are 

designed for velocity (both speed and direction) selectivity. 
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These computational and neurophysiological studies are also supported by 

research on global motion processing (Koenderink, van Doorn, & van de Grind, 1985; 

Bennett, Sekuler, & Sekuler, 2007; Watamaniuk, Sekuler, & Williams, 1989). For 

example, many studies that have investigated motion perception have used random-dot 

cinematograms (RDCs) (Bennett, et al., 2007; Watamaniuk, et al., 1989; Bower & 

Andersen, 2012).  RDCs contain randomly placed dots that change position over time. 

Essentially, when processing RDC’s the visual system must integrate local motion for the 

perception of global coherent motion.  Results from these studies suggest that the visual 

system integrate individual dot paths present in RDCs in order to develop a 

representation of global motion direction.  

Statement of the Problem 

Given the findings of prior studies concerning collision detection, aging, and motion 

pooling two important research questions remain:  

1. Does local motion averaging affect collision detection? 

2. Does local motion averaging affect the collision detection of older adults? 

 The purpose of the present set of studies was to investigate whether motion 

pooling of an approaching object and adjacent velocities (adjacent scene objects) can 

account for the decrease in collision detection performance when scene objects are 

present.  To examine this issue, observers were presented with computer-generated 

displays that simulate observer motion through a 3D scene. Observers were presented 

with 3D scenes consisting of either a ground plane or a ground plane with objects in the 
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scene that will extend vertically from the ground plane (for example stimuli see Figure 

3).   

Hypotheses and Experiments 

Hypotheses 

 Hypotheses 1-7 examine collision detection and motion pooling in college-aged 

adults. Chapter provides additional information of these topics in older adults.  

 Motion Pooling and Scene Objects. Investigates whether motion pooling of an 

approaching object and adjacent velocities (adjacent scene objects) can account for the 

decrease in collision detection performance when scene objects are present.   

Hypothesis 1: The mechanisms involved in detecting a collision pool velocity 

information within the flow field. 

Prediction 1: If hypothesis 1 is correct, then the presence of adjacent velocity 

information within a flow field, by presenting objects in the visual scene, will 

result in a decline in collision detection performance as compared to performance 

when the adjacent velocities are not present. 

 Motion Pooling and Expansion information.  As discussed above, two sources 

of information are available during a linear collision event:  constant bearing and 

expansion information. It is possible that the presence of adjacent velocity information 

from scene objects affects observers’ perception of expansion information. Previous 

research has used TTC judgments to estimate observers’ perception of expansion.  

Hypothesis 2: Motion pooling alters the recovery of expansion information  
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Prediction 2: If hypothesis 2 is correct, then there will be a difference in TTC 

judgements when adjacent velocities are present as compared to when adjacent 

velocities are absent as a result of averaging or pooling the adjacent velocity 

information with the expansion information. 

Hypothesis 3: Motion pooling an alter the recovery of bearing information 

Prediction 3: If hypothesis 3 is correct, then the presence of adjacent velocities 

will alter the ability to extract bearing information as compared to when the 

adjacent velocities are absent.  

 Binocular depth information.  Previous research (Portfors-Yeoman & Reagan, 

1996) has demonstrated the importance of binocular information for the perception of 

motion in depth. More recently, Oberfeld and Hecht (2008) found that disparity 

information reduced the effect of a moving distractor object on TTC judgements.  Given 

these results, it is logical to expect that binocular disparity could provide information to 

constrain motion in depth that is misperceived when only monocular information is 

available.   

Hypothesis 4: Binocular disparity provides additional information when detecting 

a collision.  

Prediction 4: It is predicted that binocular disparity will provide a benefit to 

collision detection performance as compared to the monocular viewing condition 

with the assumption that binocular disparity will provide additional cues to the 

collision object’s position in 3-D space.   
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 Presence of additional objects.  It is reasonable to assert that the mere presence 

of scene objects, regardless of location, may be a contributing to the decrement in 

collision detection performance rather than purely an effect of motion averaging of 

adjacent velocities. Therefore, an additional study was conducted to test if the presence of 

objects within the scene alters collision detection performance regardless of proximity to 

the collision object. 

Hypothesis 5:  Decrements in collision detection is due to the presence of 

additional objects within the scene.  

Prediction 5: If hypothesis 5 is correct, then presence of additional scene objects, 

regardless of location, will result in a reduction in collision detection. 

 Proximity of adjacent velocities.  The hypotheses discussed above assume that 

averaging is occurring when the collision object and scene object are located near one 

another such that they are both in close proximity within a receptive field. Given that 

receptive fields are on average between 4-8°, local motion averaging will occur when two 

object velocities fall within this range. This has not been directly manipulated in the 

previous proposed studies and will need to be examined.  

Hypothesis 6: Velocities are pooled within local regions of the visual field. 

Prediction 6: It is predicted that the closer adjacent velocities are in proximity to 

the collision object the greater the decrement in collision detection will occur due 

to an increased effect of motion pooling. 
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 Visual Crowding. Spatial interference of static distractors, usually referred to as 

visual crowding, has been shown to affect target perception (Eriksen and Hoffman 1972; 

Eriksen and Eriksen 1974). The effect of visual crowding on perception of objects has 

been demonstrated in numerous studies (Saarela, Westheimer, & Herzog, 2010; Whitney 

& Levi, 2011; Manassi, Sayim, & Herzog, 2012). Given the stimuli used to create 

adjacent velocities in Experiments 1-6, an additional hypothesis concerning visual 

crowding was developed to account for the decrement in collision detection.   

Hypothesis 7: Decrements in collision detection are the result of visual crowding 

Prediction 7: If crowding is behind the decrement in collision detection sensitivity, 

then observers will continue to have decreased performance when static scene 

objects are present. 

Experiments 

Experiment 1 

In Experiment 1, collision detection performance was examined for an object 

moving on a linear trajectory when adjacent velocity information, as specified by the 

addition of scene objects, was present or absent in the display. The displays simulated an 

approaching spherical object in a 3-D scene. On half of the trials the approaching object 

would collide with the observer. On the other half of trials, the object would pass by the 

observer. The subjects were then asked to indicate whether the object was on a collision 

path. The display duration and presence of scene objects was manipulated (see Figure 3). 

If the visual system pools velocity information adjacent to an approaching object, then 
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there will be a decreased ability to detect a collision when scene objects, that provide 

adjacent velocity information, are present as compared to absent in the scene.                               

Method 

 Subjects. The subjects were 8 college-age students at the University of 

California, Riverside, who were paid for their participation. All the subjects had normal 

or corrected-to-normal vision and were naive as to the purpose of the experiment. 

 Design. The independent variables were display duration (1000ms, 3000ms, or 

5000ms), collision event (collision or non-collision trajectory), and the presence of 

adjacent velocities (objects present or objects absent). All the variables were run as 

within-subject variables. 

 Apparatus. The displays were presented on a 58-inch (148 cm) flat screen 

plasma TV (Panasonic TH-58PF12) with a pixel resolution of 1920 × 1080, controlled by 

a Windows 7 Professional Operating System on a Dell Precision T7500 workstation. The 

visual angle of the display was 42.28º. The refresh rate was 60 Hz. The dimensions of the 

display on the monitor were 128.4 cm (W) × 72.2 cm (H). Head position was fixed using 

a chinrest.  

 Stimuli. The stimuli were computer generated 3-D scenes of a roadway 

simulating forward motion. Displays consisted of a ground surface on both sides of the 

roadway with a randomized black and white checkerboard texture. The roadway had a 

width of 8 meters and the object was a bright red sphere (2 unit diameter or 0.65 º on the 

first frame). The approaching spherical object was initially positioned to the left or right 

of the roadway along an arc (approx. 20º from the center of the display) at a fixed 
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distance 115 units from the viewpoint. The object moved on a linear trajectory. Half of 

the trials consisted of motion trajectories that would collide with the observer whereas the 

remaining trials were non-collision events. Collision events were created by crossing the 

trajectory, from the initial position, with the viewpoint of the observer. Non-collision 

events were created by altering the trajectory of a collision event by repositioning the 

endpoint to the left or right of the viewpoint from 4 to 6 units. The total travel time from 

the initial position to the collision point was 7200ms. The 3-D velocity for collision and 

non-collision events was held constant.  

 Procedure. Observers were informed that they would be shown a series of 

displays consisting of a roadway.  They were told that on the horizon of this roadway 

would be an object that would either collide with them or pass by them. Their task was to 

determine whether this object would collide with them. To specify collision and non-

collision events observers were shown a series of displays that demonstrated these events. 

Subjects then were presented 10 practice trials. If the observers perceived a collision they 

responded by entering ‘1’ on the keyboard and if they perceived no collision then they 

responded by entering ‘2’ on the keyboard.  Observers were required to correctly identify 

9 out of 10 of the practice trials before continuing to the experimental session. Observers 

then participated the experimental session. Experimental sessions consisted of four 

blocks of trials with adjacent velocity conditions blocked, for a total of 420 trials.  

 Results. The average proportions of hits (a collision response for trials that 

simulated a collision) and false alarms (a collision response for trials that did not simulate 

a collision) were calculated for each subject in each condition and were used to derive 
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sensitivity (d’) and response bias (β) measures. Results of sensitivity were analyzed in a 3 

(duration) × 2 (adjacent velocities presence) analysis of variance (ANOVA). The results 

of Experiment 1 are shown in Figure 4.  There was a main effect of adjacent velocities 

F(1, 7)=13.36, p=0.008, ηp
2= .656. The average d’ values for the presence or absence of 

adjacent velocities were 0.301 and 1.210, respectively.  These results indicate a decreased 

sensitivity in detecting a collision with the presence of adjacent velocities.  There was a 

main effect of duration, F(2, 14)= 21.44, p<0.001, ηp
2=  .754. The average d’ values for 

the 1000, 3000 and 5000 msec conditions were 0.021, 0.409, and 1.524, respectively.  

These results indicate greater sensitivity in detecting a collision with increased duration.  

There was no significant interaction of adjacent velocities and display duration 

According to this interaction, there was a greater difference in collision detection 

performance between the adjacent velocities present and absent conditions at the 5000ms 

display condition as compared to the 1000ms and 3000ms display condition.  An analysis 

of β indicated a significant criterion shift when adjacent velocities were present F(1, 7)= 

5.77, p=0.047. Analysis of false alarm rates showed that there was no significant 

difference in false alarm rate between scene objects present and scene objects absent 

F(1,7)= .060, p=.813. However, there was a significant difference in hit rate, 

F(1,7)=12.028, p=.010), with hit rates decreasing when scene objects were present 

(M=.511) as compared to when they were absent (M=.736).   

 Discussion. A reduced sensitivity to detect a collision was found when adjacent 

velocities, as specified by the addition of scene objects, were present. In addition, 

performance was dependent on display duration, with greater sensitivity at increased 
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durations. Furthermore, the results showed a significant criterion shift between adjacent 

velocities present and adjacent velocities absent. An analysis of hit rate and false alarm 

rate indicated a decrease in hit rate when adjacent velocities were present but no 

difference in hit rate when adjacent velocities were absent, thus providing support for the 

hypothesis that the presence of adjacent velocities leads to a misperception of constant 

bearing. 

 

Experiment 2 

 Results of Experiment 1 indicated that collision detection performance decreased 

when adjacent velocity information, by the addition of adjacent scene objects, as 

compared to when adjacent velocity information was not present. Further analysis of the 

hit rate indicated that the presence of scene objects may have resulted in a misperception 

of constant bearing. However, it was not clear whether observers’ ability to use 

expansion information between the two conditions was a contributing factor to the 

performance decrement. Indeed, research by Oberfield and Hecht (2008) found an effect 

of a large adjacent moving object on TTC judgments. Therefore, the purpose of 

Experiment 2 was to examine whether the effect of scene objects and adjacent velocity 

information in the present stimuli altered the utility of expansion information. The 

displays were identical to those used in Experiment 1 with the following exception. On 

all trials the approaching object would collide with the observer. To examine the 

usefulness of expansion information observers were required to judge TTC. Display 

duration was manipulated and presence of scene objects with the prediction that if 
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expansion information is altered by the presence of adjacent velocities with the addition 

of scene objects then TTC judgments will be altered when scene objects are present as 

compared to when they are absent. 

Method 

 Subjects. The subjects were 8 college-age students at the University of 

California, Riverside, who were paid for their participation. All the subjects had normal 

or corrected-to-normal vision and were naive as to the purpose of the experiment. 

 Design. The independent variables were display duration (1000ms, 3000ms, or 

5000ms resulting in TTC values of 6200, 4200, and 2200 msec, respectively), and the 

presence of adjacent velocities (scene objects present or scene objects absent). All the 

variables were run as within-subject variables. 

 Apparatus. The apparatus was the same as that of Experiment 1.  

 Stimuli. The stimuli were the same as that of Experiment 1 with the following 

exception. All displays simulated collision events. 

 Procedure. The experiment was run in a darkened room. Subjects were informed 

that they would be shown a series of displays consisting of a 3-D scene, which simulated 

forward motion, along with a single sphere that was moving toward the observer. 

Observers were instructed to press the spacebar when the collision object would have 

collided with the observer had the object continued approaching at the same speed after it 

disappeared.  After the observers understood the task, they were presented with ten 

practice trials. The practice trials displayed the entire collision trajectory with observers 
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pressing the space bar when the object collided. Feedback was not provided during the 

practice trials or the experiment.   

Results and Discussion 

 The average TTC judgments were calculated for each subject. Results were 

analyzed in a 3 (duration) × 2 (adjacent velocities) analysis of variance (ANOVA). There 

was a main effect of display duration F(2, 14)= 14.603, p= 0.002, ηp
2=.676 with TTC 

increasing with an increase in TTC.  There was no main effect of adjacent velocities 

F(1,7)= 0.142, p= 0.717, ηp
2=.020. In addition, there was no significant interaction 

between duration and adjacent velocities F(2,14) = .003, p=.961, ηp
2=.018, (see Figure 5). 

As indicated in Figure 5, TTC judgments varied per display duration indicating that 

expansion information was readily available to observers in these displays. In addition, 

TTC judgments did not vary across conditions in which scene objects were present (mean 

TTC of 3.69) or absent (mean TTC of 3.60). This result indicates that the presence of 

adjacent velocities, for the conditions examined in the present study, did not alter 

expansion information. These results offer further support that the decrement in collision 

detection found in the previous two experiments is likely due to a misperception of 

bearing.  

 

Experiment 3 

 In Experiment 2 TTC did not vary between the scene object present and the scene 

object absent condition. These results indicate that the decrement in collision detection 

when scene objects are present is unlikely due to declines in the perception of TTC. 
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Given that the detection of an imminent collision on linear trajectory is determined by 

both the perception of TTC and constant bearing, an alternative hypothesis is that the 

declines in collision detection are due to a misperception of bearing when scene objects 

are present. In Experiment 3 observers were asked to judge whether the bearing of the 

object was constant or changing.  Again, the display duration and presence of scene 

objects were manipulated with the prediction that if bearing information is altered by the 

presence of adjacent velocities, with the addition of scene objects, then sensitivity to a 

change in the angular position of the object will be altered when scene objects are present 

as compared to when they are absent.  

Methods 

 Subjects. The subjects were 10 college-age students at the University of 

California, Riverside, who were paid for their participation. All the subjects had normal 

or corrected-to-normal vision and were naive as to the purpose of the experiment. 

 Design. The independent variables were display duration (1000ms, 3000ms, or 

5000ms) and the presence of adjacent velocities (scene objects present or scene objects 

absent). All the variables were run as within-subject variables. 

 Apparatus. The apparatus was the same as that of Experiment 1.  

 Stimuli. The stimuli were the same as that of Experiment 1. 

 Procedure. The procedure was similar to that of Experiment 1, with the exception 

that participants were asked to respond by indicating whether or not the position of the 

ball (angular position) on the screen was changing or staying the same. Experimental 
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sessions consisted of four blocks of trials with adjacent velocity conditions blocked, for a 

total of 420 trials. Feedback was not provided during the practice trials or the experiment.  

Results and Discussion 

 The average proportions of hits (a collision response for trials that simulated a 

collision) and false alarms (a collision response for trials that did not simulate a collision) 

were calculated for each subject in each condition and were used to derive sensitivity 

(d’). Results of sensitivity were analyzed in a 3 (duration) × 2 (adjacent velocities 

presence) analysis of variance (ANOVA). The results of Experiment 3 can be seen in 

Figure 6.  

There was a main effect of adjacent velocities F(1,9)=8.276 p=0.018, ηp
2= 0.479. 

The average d’ values for the presence or absence of adjacent velocities were 1.09 and 

0.482 respectively.  These results indicate a decreased sensitivity in detecting whether the 

object changes positions.  There was a main effect of duration, F(2,18)=5.948 , p=0.01, 

ηp
2=  0.398. The average d’ values for the 1000, 3000 and 5000ms conditions were 0.465, 

0.017, and 0.879, respectively.  This result indicates that the presence of adjacent 

velocities, for the conditions examined in the present study, altered the constant bearing 

information. Thus, supporting the likelihood that decrement in collision detection found 

in the previous two experiments is likely due to a misperception of bearing. 

Experiment 4 

 Previous research (Portfors-Yeoman & Reagan, 1996) has demonstrated the 

importance of binocular information for the perception of motion in depth. More recently, 

Oberfeld and Hecht (2006) found that disparity information reduced the effect of a 
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moving distractor object on TTC judgements.  Given these results, it is logical to expect 

that binocular disparity could provide information to constrain motion in depth that is 

misperceived when only monocular information is available.  However, other research 

examining the role of disparity for motion in depth judgements has not found clear 

evidence that disparity can improve performance.  For example, Pierce, Bian, Braunstein, 

and Andersen (2013) examined the effect of disparity information in judging the curved 

trajectory of motion in depth.  They did not find improved trajectory judgments when 

disparity was present as compared to absent. Given these conflicting results, Experiment 

5 examined the role of binocular disparity on collision detection performance and 

whether the presence of binocular disparity would provide more precise bearing 

information of the approaching object and reduce the effect of scene objects. The 

methodology for Experiment 5 was similar to Experiment 1 with the exception that 

viewing condition (monocular vs. binocular) was manipulated. It was predicted that 

binocular disparity would provide a benefit to collision detection performance as 

compared to the monocular viewing condition with the assumption that binocular 

disparity will provide additional cues to the sphere’s position in 3-D space.   

Method 

 Subjects. The subjects were 12 college-age students at the University of 

California, Riverside, who were paid for their participation. All the subjects had normal 

or corrected-to-normal vision and stereoacuity to at least 20 arc second as measured by 

the StereoOptical RandDot circle. All subjects were naïve to the purpose of the study.  
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 Design. The independent variables were display duration (3000ms or 5000ms), 

collision event (collision or non-collision trajectory), the presence of adjacent velocities 

(scene objects present or scene objects absent) and viewing condition (monocular or 

binocular). All the variables were run as within-subject variables. 

 Apparatus. The displays were presented on a 27-inch (69cm) 3-D LED display 

(ASUS VG278) with a pixel resolution of 1920 × 1080, along with NVIDIA 3D Vision 

glasses and were controlled by a Windows 7 Professional Operating System on a Dell 

Precision T7500 workstation. The refresh rate was 120 Hz. The dimensions of the display 

on the monitor were 128.4 cm (W) × 72.2 cm (H). Head position was fixed a chinrest.  

 Stimuli. The stimuli were similar to that of Experiment 1 except that binocular 

disparity was included in that was consistent with the simulated depth. Binocular 

disparity on the last frame was measured at 2.8 arc minute, a value well above threshold 

(Blakemore, 1970).  

 Procedure. The procedure was the same as Experiment 1. However, participants 

sat 960mm from the display. Approaching motion paths moved in the same manner as in 

Experiment 1.  

Results and Discussion 

  Sensitivity (d’) for each subject in each condition were derived and analyzed in a 

2 (adjacent velocities presence) × 2 (duration) × 2 (viewing condition) analysis of 

variance (ANOVA). The results of Experiment 4 are shown in Figure 7.  There was a 

main effect of adjacent velocities F(1, 11)= 37.387, p<0.01, ηp
2=.773. These results 

indicate a decreased sensitivity in detecting a collision with the presence of adjacent 
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velocities, a finding that replicates the results obtained in Experiments 1 and 3.  There 

was a main effect of display duration F(1, 11)= 87.649, p<0.01, ηp
2=.888. These results 

indicate greater sensitivity in detecting a collision with increased duration. With regard to 

the effects of binocular disparity on collision detection performance, the main effect of 

viewing condition was not significant F(1, 11)=0.397, p=.542, ηp
2=.035. In addition, the 

interaction of display duration and viewing condition was not significant F(1,11) =1.77, 

p=0.209, ηp
2=.139. The interaction of adjacent velocities, display duration, and display 

duration was not significant F(1,11) = 0.034, p=0.858, ηp
2=.003.  Finally, the interaction 

of adjacent velocities and viewing condition was not significant F(1,11) =0.004, p=0.951, 

ηp
2=.00. These results indicate that collision detection performance did not improve with 

the addition of binocular disparity. There were no other significant interactions, p>.05.    

 Sensitivity to detect a collision (d’) was found to decrease with display duration 

and with the presence of scene objects. There was a non-significant trend of viewing 

condition with improved performance observed in the binocular disparity conditions at 

longer display durations. However, similar performance declines occurred for both 

monocular and binocular viewing conditions when object motion adjacent to the 

approaching collision object was present. These results suggest that the addition of 

binocular disparity does not allow for the observer to overcome the effect of local motion 

from objects in the scene.  
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Experiment 5 

 

In Experiments 1 and 2 collision detection performance decreased when scene 

objects that provided adjacent velocity information were present and that observers’ 

ability to use expansion information in TTC judgments was not impaired when these 

objects were present. The following two experiments were designed to examine the effect 

of proximity of the scene objects on collision detection judgments. The purpose of 

Experiment 3 was to determine whether the presence of scene objects and adjacent 

velocity information, regardless of location, was contributing to the decrement in 

collision detection performance. Experiment 3 was similar to Experiment 1 in which 

observers were presented with displays that contained or did not contain additional scene 

objects.  In addition, a third scene object condition was included, in which the scene 

objects were present but only on the side opposite the collision object. If the presence of 

objects, and the velocity of these objects within the scene, alters collision detection 

performance regardless of proximity to the collision object then there should be a 

decrease in sensitivity for the conditions in which scene objects are present as compared 

to when they absent.  

 Subjects. The subjects were 8 college-age students at the University of 

California, Riverside, who were paid for their participation. All the subjects had normal 

or corrected-to-normal vision and were naive as to the purpose of the experiment. 

 Design. The independent variables were display duration (1000ms or 5000ms), 

collision event (collision or non-collision trajectory), and the presence of adjacent 
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velocities (scene objects present, scene objects opposing the collision object, or scene 

objects absent). All the variables were run as within-subject variables. 

 Apparatus. The apparatus was the same as that used in Experiment 1.  

 Stimuli and Procedure. The stimuli and procedure were the same as that used in 

Experiment 1. 

 

Results and Discussion 

 Results of sensitivity were analyzed in a 2 (duration) × 3 (scene objects) analysis 

of variance (ANOVA). The overall results for Experiment 5 are shown in Figure 8.  

There was a main effect of scene objects, F(2, 14)=5.006, p=0.015, ηp
2=.417.  The 

average d’ values for the scene objects present, absent or opposite side conditions were 

1.42, 1.60, and 1.64, respectively.  Post hoc tests (Tukey HSD) revealed a significant 

p<.05) difference between the adjacent objects condition as compared to the objects 

absent condition, and between the adjacent objects condition and the opposite side 

condition.   These results suggest that the presence of scene objects specifying velocity 

information, regardless of location, was not a contributing to the decrement in collision 

detection performance. Indeed, the results indicate that a decrease in collision detection 

performance only occurred when the scene objects with velocity information, were 

adjacent to the collision object.  

There was a main effect of duration F(1,7)= 117.567, p<0.001, ηp
2=.944, 

indicating increased performance for the 5000 msec condition (average d’ of 2.85) as 

compared to the 1000msec condition (average d’ of 0.31).  The interaction of scene 

condition and duration was not significant, F(2,14) = 1.55, p>.05. 
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Experiment 6 

 

In Experiment 5 a reduced sensitivity to collision detection occurred only when 

scene objects were in close proximity to collision objects. In Experiment 6 the effect of 

the proximity of scene objects to the collision object on collision detection performance 

were systematically examined.  Specifically, the proximity of adjacent velocities to the 

approaching object were manipulated, choosing four levels (0°, 2°, 4°, or 8°) of 

separation. This range of conditions will allow us to determine the spatial extent of 

velocity pooling.  Specifically, if there is a limit in the spatial extent of velocity pooling, 

that is within this range of conditions, then a point in this range should be found in which 

collision detection performance is no longer altered by the adjacent velocity information. 

 Subjects. The subjects were 8 college-age students at the University of 

California, Riverside, who were paid for their participation. All the subjects had normal 

or corrected-to-normal vision and were naive as to the purpose of the experiment. 

 Design. The independent variables were display duration (1000ms or 5000ms), 

collision event (collision or non-collision trajectory), and spatial separation between the 

collision object and scene objects (separations of 0°, 2°, 4°, or 8° ). All the variables were 

run as within-subjects variables. 

 Apparatus. The apparatus was the same as that of Experiment 1.  

 Stimuli. The stimuli were the same as that of Experiment 1. 

 Results. Sensitivity (d’) for each subject in each condition were derived and 

analyzed in a 2 (duration) × 4 (spatial separation) analysis of variance (ANOVA). The 

overall effects of duration and spatial separation are shown in Figure 9.  There was also a 
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main effect of display duration F(1,7)=89.880, p<0.001, ηp
2=.928, indicating an increase 

in collision detection performance for the 5000ms condition (average d’ of 2.40) as 

compared to the 1000ms condition (average d’ of 0.22). There was a main effect of the 

visual angle of adjacent velocities F(3.21)=7.214, p=.002,  ηp
2=.508. The average d’ 

values for the 0°, 2°, 4°, and 8° separation conditions were 0.89, 1.29, 1.46, and 1.49, 

respectively, indicating that performance increased with an increase in spatial separation.  

 As shown in Figure 9, at the 1000ms display duration performance increased with 

an increase in spatial separation but was well below performance for the 5000 ms 

condition.  This suggests that the performance for the 1 sec condition is not optimal for 

assessing the limit of velocity pooling.  Examination of the effect of spatial separation for 

the 5000ms conditions indicates a pattern of increased performance that becomes 

asymptotic with an increase in spatial separation.  A planned comparison of the main 

effect of spatial separation at the 5000ms condition was significant, F(1,7) = 4.79, p=.01.  

A Post hoc analysis (Tukey HSD test) for the 0, 2, 4, and 8° spatial separations indicated 

significant differences between the 0° and 4°, and 0° and 8° conditions.  Collision 

detection performance worsened between 0° and 4°. This suggests that the effect of 

velocity pooling, as indicated by the spatial separation of the collision object and scene 

objects, is in the neighborhood of 4 degrees.  This finding is consistent with the results of 

previous research that examined spatial pooling of velocity information for determining 

heading from optic flow (Andersen & Saidpour, 2002).  
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Experiment 7 

Previous research suggests that the accurate perception of a target can be affected 

from spatial interference of static neighboring distractors (Eriksen and Hoffman 1972; 

Eriksen and Eriksen 1974) often referred to as attentional crowding. The presence of 

static distractors can interfere with, and in extreme cases may even prevent, target 

awareness (Bouma, 1970). Other studies have shown the effects of crowding on the 

perception of objects (Whitney & Levi, 2011; Manassi, Sayim, & Herzog, 2012).  Given 

the stimuli used to create adjacent velocities in Experiments 1-6, the decrement in 

collision detection may be the result of visual/attentional crowding as a result of the 

presence of adjacent objects, regardless of motion.  

To examine the role of crowding, scene objects continued to be manipulated but 

object motion was removed. This allowed for neighboring distractors to remain in the 

scene without adjacent velocities to affect performance. To achieve this, scene objects 

maintained an equivalent distance from the observer within the scene, despite forward 

observer motion. If crowding is behind the decrement in collision detection sensitivity, 

then observers will continue have decreased performance when scene objects are present. 

However, if crowding does not play a role, then observers will have equivalent 

performance when scene objects are present as compared to absent.  

Method 

 Subjects. The subjects were 8 college-age students at the University of 

California, Riverside, who were paid for their participation.  

https://scholar.google.com/citations?user=00RihbwAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=kQJ05zkAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=_iP5HF0oUdkC&hl=en&oi=sra
https://scholar.google.com/citations?user=drjgVTcAAAAJ&hl=en&oi=sra
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 Design. The independent variables were collision event (collision or non-collision 

trajectory), the presence of adjacent velocities (scene objects present or scene objects 

absent). All the variables were run as within-subject variables. 

Apparatus 

 Stimuli. The stimuli were similar to that of Experiment 1 except that scene 

objects maintained an equivalent distance from the observer within the scene, despite 

forward observer motion. In addition, display duration was not manipulated and all 

displays were 5000msec.  

 Procedure. The procedure was the same as Experiment 1. 

Results 

 A paired samples t-test was conducted on the results. A significant difference 

between scene objects was demonstrated, t(7)=-3.054, p=0.018. Subjects performed 

significantly better when scene objects were present (M=3.44 SD=0.234) as compared to 

absent (M= 2.72, SD=0.33). Results suggest that crowding did not reduce collision 

detection performance. Indeed, collision detection performance was greater when objects 

were present as compared to absent.  The improved performance when scene objects are 

present suggests that observers can use the scene objects as a reference, possibly to 

improve the detection of constant bearing. 

Summary of Results 

Results suggest that velocity information adjacent to an approaching object alters 

the ability to determine bearing information and this decrement in collision detection is 

greater as the proximity of adjacent velocity information is increased. In addition, this 
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decrement was not found to be due to the presence of additional velocities in the flow field 

and did not alter the utility of expansion information. Furthermore, the addition of 

binocular disparity did not significantly reduce the effect of adjacent velocity information.  

These results, considered together, indicate that the effect of adjacent velocities is likely 

due to local motion averaging across local regions of the visual field and provides further 

evidence that motion mechanisms in area MT average velocities across local regions in the 

visual field. 
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Figures 

 

Figure 1. An example of a ground surface and forward observer motion. The direction of 

motion (specified by the FOE) velocity magnitudes are nearly zero. Note that as optical 

velocity radiate out to more peripheral locations the magnitude of the velocity increases. 
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Figure 2. Example of forward observer motion and a collision object. The scene consistes 

of a static distractors (trees). The translation of these scene objects might be combined 

with the bearing of the collision object and lead to a misperception of bearing.  
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Figure 3. Example of stimuli from Experiment 1. 
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Figure 4. Results of Experiment 1. Collision detection sensitivity (d’) as a function of 

display duration (seconds) and scene object condition. Error bars indicate ±1 SEM.  
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Figure 5. Results of Experiment 2. Time to contact judgments of observers as a function 

of simulated TTC and scene object condition. Error bars indicate ±1 SEM.  
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Figure 6. Results of Experiment 3. Sensitivity (d’) of bearing as a function of display 

duration (seconds) and scene object condition. Error bars indicate ±1 SEM.  
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Figure 7. Results of Experiment 4. The left panel shows mean sensitivity for 3 second 

display duration for monocular and binocular conditions.  The right panel shows mean 

sensitivity for 5 second display duration for monocular and binocular conditions. Error 

bars indicate ±1 SEM.  
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Figure 8. Results of Experiment 5. Collision detection sensitivity (d’) as a function of 

scene object location and display duration (milliseconds). Error bars indicate ±1 SEM.  
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Figure 9. Results of Experiment 6. Collision detection sensitivity (d’) as a function of 

collision object and scene object separation (degrees) and display duration (milliseconds). 

Error bars indicate ±1 SEM.  
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Figure 10. Results of Experiment 8. Mean collision detection sensitivity (d’) as a 

function of scene object location and display duration (milliseconds). Error bars indicate 

±1 SEM.  
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Chapter 2: Aging, Optic Flow and Collision Detection 

The large majority of studies on optic flow has examined sensitivity to optic flow in 

healthy college age adults.  An important question is whether sensitivity to optic flow 

changes as a function of age.  This question has important theoretical importance as it can 

be informative about the underlying mechanisms involved in recovering optic flow 

information.  It also has real world importance as it can be informative about health and 

safety risks that occur with increased age due to declines in optic flow sensitivity.  The 

number of older drivers in the United States is in the midst of doubling and by 2030, one 

in five will be age 65 and older and many of these individuals will continue to depend on 

automobiles for their transportation needs. However, with age, declines in physical, 

sensory, and cognitive abilities occur making individuals less safe drivers. As America's 

driving population continues to age, resources that address the needs of those drivers are 

becoming more vital across the country. According to data from NHTSA, in 2012, there 

were 5,560 people 65 and older killed and another 214,000 injured in motor vehicle 

traffic crashes (NHTSA, 2013). These older people made up 17% of all traffic fatalities 

and 9% of all people injured in traffic crashes during the year. Compared to 2011, there 

was a 16% increase in fatalities and injuries for people 65 and older. 

Accident risk during driving increases with advancing age (Harris, 1999). West et al. 

(2003) found that older drivers in California who reported self-limited driving tended to 

have lower memory scores as well as hearing impairment. Another study found that those 

who reported some avoidance of challenging driving situations also tended to be age 75 

or older, not the principal driver, and were at greater odds of having had a crash during 
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the prior 5 years. Interestingly, Stalvey and Owsley (2000) studied visually-impaired 

older drivers in Alabama who were involved in a crash during the prior year—most of 

these drivers did not recognize their own visual impairments and reported that they rarely 

avoided more complex driving situations such as driving on high-speed roads or making 

left turns. These results suggest variance in the ability of older adults to identify 

decrements while driving in difficult situations.  

Motion Perception. Although some declines can be accounted for by optical changes 

in the eye that occur with normal aging, it is improbable that optical differences are the 

sole or primary cause for the decreased performance in several visual tasks including 

motion and speed perception. For instance, visual processing in low level motion 

perception tasks has been found to decline with age (Bennett, Sekuler, & Sekuler, 2007).  

One factor that might account for age-related declines in collision detection is an age-

related decline in motion perception. Studies using RDC’s and sine-wave gratings have 

demonstrated age related declines. Snowden and Kavanagh (2006) found sensitivity to 

sine-wave gratings across different spatial frequencies decreased. Likewise, Sekuler 

(1980) demonstrated that older observers’ sensitivity to low frequency sine-wave gratings 

decreased. Furthermore, using RDCs, Trick and Silverman (1991) demonstrated 

decreases in detection of the direction of 2D coherent motion in older observers.  

Declines in global motion processing has also been demonstrated using RDCs. 

Gilmore, Wenk, Naylor, & Stuve (1992) used RDCs to examine differences between 

older and younger observers in their ability to detect the direction of global motion 

embedded within noise. In the experiment RDCs contained both signal and noise dots. 
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They found that older observers, in particular older women, required significantly greater 

signal to noise ratios to perceive a global coherent motion direction. This result was 

replicated in a study by Andersen and Atchley (1995). Given that determining the 

direction of motion in RDCs is based on combining or pooling the velocities in a display, 

these results suggest age-related declines in pooling velocity information.  Furthermore, 

these results suggest older observers have difficulty in filtering out noise (random 

scintillating dots in an RDC) from the signal (coherent motion information in an RDC). 

 Collision Detection. In addition to simple motion stimuli, age-related declines in 

motion perception may also be present in more complex motion tasks such as the 

perception of object motion and speed. Previous studies have shown older observers may 

have more difficulty in discerning object motion as compared to younger observers 

(Andersen & Enriquez, 2006). Additionally, studies have shown age-related decrements 

in multiple tasks including the perception of speed (e.g. Norman, Ross, Hawkes, & Long, 

2003).  With these declines, numerous studies involving older adults show differences in 

determining whether a collision will occur as compared to younger adults. For example, 

Andersen and Enriquez (2006) found that subjects had decreased sensitivity to determine 

an imminent collision when both object and observer motion were present and this effect 

was more prominent for older observers. This suggests that older observers have 

difficulty discriminating object motion from observer motion.  

In addition, previous research has shown that the proportion of collision judgments 

was greater for older observers when a collision was not simulated but older observers 

showed less sensitivity to detect collisions at high speeds. One study by Andersen et al. 



52 
 

(1999) that found older observers showed less sensitivity to detecting collisions than 

younger observers, and sensitivity was dependent on the simulated speed of observer 

motion and edge rate information, as well as the size of the object (resulting in 

differences in perceived distance). Furthermore, older individuals demonstrated 

differences in the ability to recover velocity information. The results suggest that 

increased accident rates for older drivers may be due to an inability to detect collisions at 

high speeds.  

Other studies (DeLucia, Bleckley, Meyer, & Bush 2003; Schiff, Oldak, & Shah, 

1992) have examined age-related decrements in judging TTC.  DeLucia et al. (2003) 

found that older participants were less accurate in judging whether a collision would 

occur. Furthermore, older adults have been found to report that collisions will occur 

sooner than simulated (Hancock & Manser, 1997). In the study by Schiff et al. (1992), 

both younger and older observers were more accurate in their TTC judgments at greater 

speeds. However, older observers consistently responded with shorter (more 

conservative) TTC estimates. 

In aggregate, older adults appear to have difficulty with the perception of motion 

ranging from simple to more complex patterns. Such difficulties likely lead to a 

decreased ability to detect impending collisions and not unexpectedly, make older 

observers more conservative at judging the time before a collision. Decrements in 

assessing velocity information may result in a decrease in local motion averaging. The 

series of experiments in this chapter will examined aging, motion, collision detection 

performance and a possible role of motion averaging.  
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Aging and Motion Pooling 

  Hypotheses 1-6 were proposed under the assumption that visual processing is 

near optimal as would occur for high functioning college aged individuals. However, 

motion perception—particularly coherent motion sensitivity—has been shown to decline 

with age.  In other words, with age a decrement in global motion processing occurs, 

suggesting an age-related decline in motion averaging.  Given previous research 

indicating that older adults have more difficulty in detecting a collision, experiments 

were conducted to examine the effects of local motion averaging and aging on collision 

detection.  The following hypotheses were tested in these experiments.  

Hypothesis 8: Older adults engage in less motion averaging as compared to younger 

adults. 

Predictions 8: It is predicted that there will be a reduced effect of the of scene objects 

for older adults.  As a result, there will be a decreased effect of adjacent velocity 

information for older adults as compared to younger adults. 

 Aging and expansion information. For hypothesis 2 I conducted Experiment 2 

to determine whether the ability to perceive the expansion of the collision object leads to 

a decrement in collision detection when adjacent velocities are present. However, only 

college-aged subjects were examined in that experiment and previous research (Atchley 

& Andersen, 1998) has found that older subjects process expansion information 

differently than younger adults. Thus, if hypothesis 8 is correct then there should be a 
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decreased effect of adjacent velocities for older adults in recovering expansion 

information.  

Prediction 9: If hypothesis 8 is correct, then there may be a difference in TTC 

judgements for older adults when adjacent velocities are present as compared to when 

adjacent velocities are absent, but the magnitude of this effect should be smaller than 

that observed for younger adults 

Prediction 10: If hypothesis 8 is correct, then there may be a difference in bearing 

judgements for older adults when adjacent velocities are present as compare to when 

adjacent velocities are absent, the magnitude of this effect will be smaller than that 

observed for younger adults. 

Experiments 

Experiment 8 

Experiments 8 – 10 examined the effect of adjacent velocities on collision 

detection and the information for detection with college age adults.  In Experiments 8 – 

10 I examined the effect of adjacent velocities on collision detection and the information 

for detection with older adults. The stimuli for Experiment 8 was identical to that used in 

Experiment 1 with college age adults. The addition of adjacent velocities is predicted to 

have no effect of scene objects on collision detection performance. Display duration 

(1000ms, 3000ms, or 5000ms) and adjacent velocities presence (scene objects present or 

scene objects absent) was manipulated, as in Experiment 1, with sensitivity being 

measured. 
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 Subjects. The subjects were 12 adults (Mage 75.4 years, SDage=4.35 ) from the 

surrounding community (6 male and 6 female). Subjects were paid $15 an hour for their 

participation. All were screened using a battery of cognitive and perceptual tests. This 

procedure ensured that the older group did not exhibit any early cognitive decline (e.g., 

Dementia) that could influence the results of the study. Demographic information or the 

subjects is presented in Table 1. All the subjects had normal or corrected-to-normal 

vision and were naive as to the purpose of the experiment.  

 Design. The independent variables were display duration (1000ms, 3000ms, or 

5000ms), collision event (collision or non-collision trajectory), and the presence of 

adjacent velocities (objects present or objects absent). All the variables were run as 

within-subject variables. 

 Apparatus. The apparatus was the same as Experiment 1.  

 Stimuli. The stimuli were that same as Experiment 1.  

 Procedure. The procedure was the same as Experiment 1.  

Results  

 The average proportions of hits (a collision response for trials that simulated a 

collision) and false alarms (a collision response for trials that did not simulate a collision) 

were calculated for each subject in each condition and were used to derive sensitivity 

(d’). Results of sensitivity were analyzed in a 3 (duration) × 2 (adjacent velocities 
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presence) analysis of variance (ANOVA). One subject was dropped from analyses after 

being unable to complete the task.  

Results indicated a main effect of display duration F(2,22)=65.773,  p<.001 ηp
2= 

.857. The average d’ values for the 1000, 3000 and 5000 msec conditions were .1651, 

.4191, and 1.558 respectively. This result indicates that subjects had greater collision 

detection sensitivity at the longest display duration (5000ms). A main effect of scene 

objects’ presence was not found F(1,11)=.079, p=.784.  The average d’ values for the 

presence or absence of adjacent velocities were .6755 and .7517. A significant interaction 

between duration and scene objects presence, F(2,22)=16.525, p<.001, ηp
2=.60 was found 

with the highest sensitivity occurring when scene objects were present and display 

duration was 5000ms long. This result demonstrates that collision detection performance 

improved when scene objects were present and display duration was 5000ms.   

 

Experiment 9 

In Experiment 8 collision detection performance improved when adjacent velocity 

information was present, as compared to absent, for the 5000ms duration condition. This 

result was surprising given that in Experiment 1 there was a decrease in collision 

detection performance for younger adults when adjacent velocity information was 

present.  In Experiments 2 and 3 the effect of adjacent velocities on the use of expansion 

information (to determine TTC) and on the perception of bearing was assessed.  These 

experiments were conducted to determine whether the effect of adjacent velocities on 

collision detection for young adults was on the ability to recover expansion information 
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or on the perception of bearing. An important question is whether the beneficial effect of 

adjacent velocities for older adults is due to improved recovery of expansion information 

or in the perception of bearing. Therefore, the purpose of Experiment 9 was to examine 

whether the effect of scene objects and adjacent velocity information in the present 

stimuli altered the utility of expansion information. The displays were identical to those 

used in Experiment 8 with the following exception: on all trials the approaching object 

would collide with the observer.  

To examine the usefulness of expansion information observers were required to 

judge TTC. Display duration was manipulated and presence of scene objects with the 

prediction that if expansion information is altered by the presence of adjacent velocities 

with the addition of scene objects then TTC judgments will be altered when scene objects 

are present as compared to when they are absent. The ability to perceive the expansion of 

the collision object may the cause of a decrement in sensitivity. Participants were asked 

to respond when the collision would have occurred had it stayed on the screen (TTC). All 

displays will show an impending collision but the simulated time to contact (TTC) 

(6200ms, 4200ms, or 2200ms) will be manipulated as well as the presence of scene 

objects (present or absent). 

Methods 

 Subjects. The subjects were 11 adults (Mage= 78.1 years, SDage=6.13) from the 

surrounding community (6 male and 5 female). Subjects were paid $15 an hour for their 

participation. All subjects had normal or corrected-to-normal vision, were screened for 

atypical cognitive decline, and were naive as to the purpose of the experiment.  
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 Design. The independent variables were display duration (1000ms, 3000ms, or 

5000ms), collision event (collision or non-collision trajectory), and the presence of 

adjacent velocities (objects present or objects absent). All the variables were run as 

within-subject variables. 

 Apparatus. The apparatus was the same as Experiment 1.  

 Stimuli. The stimuli were that same as Experiment 1.  

 Procedure. The procedure was the same as Experiment 1.  

Results 

 The average TTC judgments were calculated for each subject. Results were 

analyzed in a 3 (duration) × 2 (adjacent velocities) analysis of variance (ANOVA). A 

significant main effect of display duration was demonstrated, F(2,20)=121.677 p<.001, 

indicating that subjects’ TTC judgments were more accurate for the 5000ms display 

duration condition. There was not a significant main effect for scene objects’ presence 

F(1,10)= .850, p>.05, nor a significant interaction between display duration and scene 

objects’ presence F(2,20)=1.260, p>.05. See Figure 12 for results.  

In summary, TTC judgments varied per display duration, indicating that 

expansion information was readily available to observers for these displays. In addition, 

TTC judgments did not vary across conditions in which scene objects were present or 

absent. This result indicates that the presence of adjacent velocities, for the conditions 

examined in the present study, did not alter the recovery of expansion information.  
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Experiment 10 

In Experiment 9, TTC did not vary between the scene object present and the scene 

object absent condition. These results indicate that the improved performance, for older 

adults, in collision detection when scene objects are present (Experiment 8) is unlikely to 

be due to an effect on the recovery of expansion information for the perception of TTC. 

Given that the detection of an imminent collision on linear trajectory is determined by 

both the perception of TTC and constant bearing, an alternative hypothesis is that the 

improved collision detection performance is due to a beneficial effect on the perception 

of bearing when scene objects are present. In Experiment 10 observers were asked to 

judge whether the bearing of the object was constant or changing.   

Again, the display duration and presence of scene objects were manipulated 

(similar to Experiment 3) with the prediction that if bearing information is altered by the 

presence of adjacent velocities—with the addition of scene objects—then sensitivity to a 

change in the angular position of the object will be altered when scene objects are present 

as compared to when they are absent.  

Given that the results of Experiment 8 did not correspond to the initial prediction, 

two alternative hypotheses and predictions for Experiment 10 are necessary. One 

alternative hypothesis is that older adults are using scene objects as a reference in 

determining the motion trajectory of collision objects. This lends the prediction that there 

will be improved performance in determining bearing when scene objects are present. A 

second alternative hypothesis is that older adults are engaging in less motion averaging 
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and it is predicted that if this alternative hypothesis is correct that the ability to determine 

bearing will not vary based on the presence or absence of scene objects.  

 Subjects. The subjects were 12 adults (Mage= 74 years, SDage=2.89 ) from the 

surrounding community (6 male and 6 female). Subjects were paid $15 an hour for their 

participation. All were screened using a battery of cognitive and perceptual tests. This 

procedure ensured that the older group did not exhibit any early cognitive decline (e.g., 

Dementia) that could influence the results of the study. Demographic information or the 

subjects is presented in Table 3. All the subjects had normal or corrected-to-normal 

vision and were naive as to the purpose of the experiment.  

 Design. The independent variables were display duration (1000ms, 3000ms, or 

5000ms), collision event (collision or non-collision trajectory), and the presence of 

adjacent velocities (objects present or objects absent). All the variables were run as 

within-subject variables. 

 Apparatus. The apparatus was the same as Experiment 1.  

 Stimuli. The stimuli were that same as Experiment 1.  

 Procedure. The procedure was the same as Experiment 1.  

 Results. The average proportions of hits (a collision response for trials that 

simulated a collision) and false alarms (a collision response for trials that did not simulate 

a collision) were calculated for each subject in each condition and were used to derive 

sensitivity (d’). Results of sensitivity were analyzed in a 3 (duration) × 2 (adjacent 
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velocities presence) analysis of variance (ANOVA). One subject was dropped from 

analyses after being unable to complete the task.  

Results indicated a main effect of display duration F(2,22)=65.7533 p<.001, 

ηp
2=.857. There was no main effect found for scene objects’ presence F(1,11)= .079, 

p>.05, ηp
2= .007. A significant interaction between display duration and scene objects’ 

presence was demonstrated F(2,22)=16.525, p<.001, ηp
2=.60.  As shown in Figure 13, the 

ability to discriminate constant and varying bearing, for the 5000msec condition, was 

greater for the scene objects present as compared to absent conditions.  These results 

suggest that scene objects may be used by older adults as landmarks for determining 

bearing information. Results contrast the results of younger subjects (see Experiment 3, 

Chapter 1), which found that bearing judgments declined with scene objects were present 

as compared to absent. 

Summary of Results 

 Results of these experiments suggest that older adults are not affected by adjacent 

velocities as younger adults. In terms of collision detection sensitivity, older adults have 

reduced baseline performance—when scene objects are absent—as compared to younger 

adults. Contrary to the results presented for younger adults, older adults performed better 

when scene objects are present.  Additionally, a comparison of TTC judgments for scene 

objects absent and present did not vary. Indicating that adjacent velocities did not affect 

expansion information. Furthermore, the ability to determine bearing was altered by the 

presence of object. However, this effect was counter to that of younger adults. 
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Surprisingly, older adults’ bearing sensitivity was greater when scene objects were 

present as compared to absent and may be used as a reference. 
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Figures  

 

Figure 11. Results of Experiment 8. Collision detection sensitivity (d’) for older adults as 

a function of scene object location and display duration (milliseconds). Error bars 

indicate ±1 SEM.  
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Figure 12. Results of Experiment 9. Time to contact judgments of observers for older 

adults as a function of simulated TTC and scene object condition. Error bars indicate ±1 

SEM.  

 

 



65 
 

 

Figure 13. Results of Experiment 10. Sensitivity (d’) of bearing for older adults as a 

function of display duration (seconds) and scene object condition. Error bars indicate ±1 

SEM.  
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Tables 

Experiment 8   

Variable M SD 

Age(years) 75.4 4.35 

Years of Education  17.1 4.15 

LogMAR Acuity 0.08 0.08 

Log Contrast Sensitivity 1.34 0.05 

Digit Span Forward 8.9 0.99 

Digit Span Backwards 6.2 1.68 

WAIS – Matrix Reasoning  17.1 4.53 

 

Table 1. Means and standard deviations of participant demographics and results from 

cognitive and perceptual tests for Experiment 8. Contrast sensitivity measured using the  

Pelli Robson Test (Pelli, Robson & Wilkins, 1988). 
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Table 2. Means and standard deviations of participant demographics and results from 

cognitive and perceptual tests for Experiment 8. Contrast sensitivity measured using the  

Pelli Robson Test (Pelli, Robson & Wilkins, 1988). 

 

 

 

 

 

 

 

 

 

 

 

Experiment 9   

Variable M SD 

Age (years) 78.1 6.13 

Years of Education  16.5 2.64 

LogMAR Acuity 0.025 0.1 

Log Contrast Sensitivity 1.32 0.15 

Digit Span Forward 9.5 1.9 

Digit Span Backwards 5.7 2.26 

WAIS – Matrix Reasoning  16.8 5.49 
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Table 3.    

Variable M SD 

Age(years) 74 2.89 

Years of Education  15.72 4.24 

Log Contrast Sensitivity 0.06 0.09 

LogMAR Acuity 1.36 0.08 

Digit Span Forward 9.09 1.51 

Digit Span Backwards 5.45 1.57 

WAIS – Matrix Reasoning  15.82 4.62 

 

Table 3. Means and standard deviations of participant demographics and results from 

cognitive and perceptual tests for Experiment 10. Contrast sensitivity measured using the  

Pelli Robson Test (Pelli, Robson & Wilkins, 1988). 
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Chapter 3: Training collision detection in older adults 

Advances in the prevention and management of disease have led to longer lives in 

the United States. This increase in life expectancy is associated with an increase in the 

elderly population and it is projected that by 2030, one in five adults will be 65 and older 

(Vincent & Velkoff, 2012). These statistics are informative given that declines in 

cognitive abilities, such as fluid intelligence, working memory, inhibitory control and 

attention, have been demonstrated in adults over the age of 65 (Craik & Salthouse, 2007). 

In addition to cognitive declines, there are age-related declines to vision that cause older 

adults to become more susceptible to falls, vehicular accidents, and declines in overall 

well-being (Rubenstein, 2006).  

Research indicates that within the visual system multiple changes occur with age. 

In adults’ later years there are sensory changes to vision including corneal thickening, 

increased lens opaqueness, decreased pupil size, and changes to the vitreous humor 

(Voleti & Hubschman, 2013). For some, these optical changes can manifest into eye 

disease including macular degeneration, glaucoma, and, more commonly, cataracts.  

When these clinical symptoms are controlled for, changes invisual processing of visual 

information within tearlier levels of v.c. are evident (Salat, 2004; Raz et al., 1997). Visual 

tasks associated with the earliest levels of the visual cortex have indicated declines with 

age in contrast sensitivity, acuity, orientation discrimination, binocular vision, motion 

perception, and shape perception (Owsley & Sloane, 1987, Andersen, 2012; Spear, 

1993). Research is currently underway to further understand these age-related changes in 

visual processing as a means of reducing vision impaired incidents in older adults.  
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Age-related declines in visual processing has a direct impact on performance of 

real world tasks such as driving.  As discussed in Chapter 1, one perceptual ability that 

may account for the age-related declines in driving skill is the decline of motion 

perception. Older adults have been shown to have deficits in determining the direction of 

coherent motion and discriminating noise from global motion (Trick & Silverman, 1992; 

Bennett, Sekuler, & Sekuler, 2007). More complex motion tasks show declines as well, 

such as the perception of speed and detection of an imminent collision (Enriquez & 

Andersen, 2006). These findings are supported by research that demonstrates that older 

adults are less accurate at judging whether a collision will occur as compared to younger 

adults (DeLucia, Bleckley, Meyer, & Bush, 2003). Additionally, older adults report that 

collisions will occur sooner than simulated (Schiff, Oldak, & Shah, 1992), which is likely 

a compensatory response.  

Perceptual Learning in Older Adults 

Given the extensive literature on age-related declines in vision and important 

question is whether any interventions can be used to improve performance.  A long 

believed assumption was that there were limitations of the capacity of the cortex and 

sensory processing to change following development.  Specifically, it was previously 

assumed that after maturation the visual cortex was incapable of altering its structure. 

However, more recent research suggests that even a mature visual cortex is capable of 

reactivating neurons (Chino, 1995) and strengthening connections.  
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An area of research that examines this capacity for plasticity in sensory 

processing is perceptual learning (PL). PL is the improved performance after repeated 

exposure to some stimulus and stimuli used in PL are typically at or near an individual’s 

perceptual abilities (Sagi, 2010). Numerous PL tasks have been developed ranging from 

simple acuity line tasks to more complex face recognition tasks (for review see Fine & 

Jacobs, 2002; Sagi, 2010). A PL study is typically made up of three phases. The first 

being the pre-test phase to assess perceptual ability and to estimate the psychometric 

function. The second phase is a training phase in which participants are trained using 

adaptive methods—such as staircase methods—that adjust stimuli to an individual’s 

change in performance. Across PL studies this phase has varied in terms the length and 

frequency of sessions but the assumption is that participants will improve performance as 

a result of this training. The last phase is the post-test phase in which threshold is 

measured again to evaluate performance after training.  

Many of these studies focus on college-aged subjects but some studies have 

examined PL training with adults over 65 (for review see Sagi, 2010; Watanabe, 2015). 

The stimuli used to train older adults in PL studies target aspects of visual processing that 

are known to decline with age. Studies have been done to train texture discrimination 

(Andersen, Ni, Bower, & Watanabe, 2010; Yotsumoto et al., 2014; Chang et al., 2015), 

motion (Bower & Andersen, 2012), orientation (Chang et al., 2014; Deloss, Watanabe, & 

Andersen, 2014), and contrast sensitivity in older adult (Deloss et al., 2015).  

This previous research suggests that PL training older adults is effective at 

training low-level visual abilities. Behavioral studies have indicated improved 
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performance on perceptual tasks. Older adults that receive training using adaptive 

methods show marked improvement as compared to adults trained well above their 

threshold and therefore, improved performance does not appear to be the result of 

practice effects (Andersen et al., 2010; DeLoss et al., 2014).   

An important question is whether behavioral training using PL results in changes 

in brain function or structure.  With regard to PL and aging, Imaging studies have 

indicated that PL tasks can alter brain structure within early levels of the visual cortex. 

One study assessed white matter changes as a result of training with younger and older 

adults.  The study trained with a  a texture discrimination task and used diffusion tensor 

imaging to assess changes in white matter underneath the earliest levels of visual cortex – 

V1, V2, and V3. The results indicated that white matter underneath areas V2 and V3 of 

the visual cortex showed significant white matter integrity improvements (Yotsumoto et 

al., 2014) for older adults but not for younger adults. These results thus demonstrate that 

training with low-level tasks changes the earliest levels of processing.  

Perceptual learning and Collision Detection 

As discussed earlier in this dissertation, research that has focused specifically on 

collision detection has indicated that older adults are less sensitive at detecting collisions, 

particularly at high speeds. Sensitivity has been shown to decrease when observer motion 

is present and when the speed of the observer is increased, particularly at speeds greater 

than 45mph (Enriquez & Andersen, 2006). These results suggest that increased accident 
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rates for older drivers may be due to a decline in the ability to detect collisions at high 

speeds.  

One way to mitigate these deficits in collision detection is to implement a PL 

paradigm. A previous study has examined training and transfer of a high level of 

processing task for college-aged participants (DeLoss, Bian, Watanabe, & Andersen, 

2015). Testing and training was performed over 7 sessions on a collision detection task. 

Participants were trained near threshold at one observer speed for 5 days. After training, 

participants were tested and showed a significant reduction in the time needed to detect a 

collision at the trained speed. This improvement was also found to transfer to the higher 

observer speed condition. A second experiment was conducted to determine whether this 

improvement was due to training near threshold or whether this improvement was merely 

due to practice with the task. Training with stimuli above threshold showed no significant 

improvement in performance, suggesting that training with near threshold conditions was 

important to improve performance.  

Therefore, the purpose of the following study was to determine if training with a 

collision detection task was effective for older adults and to examine if improvement 

transferred to non-trained stimuli.  Older adults were tested and trained on a collision 

detection task for 7 days. Duration threshold, the amount of time needed to determine a 

collision event, was recorded pre and post training to determine whether training 

improved the ability to detect an impending collision.  

Methods 



76 
 

 Participants. Twelve older participants (M=74.4, SD=5.05) from the University 

of California, Riverside (six males and six females) participated in the experiment. All 

participants had normal or corrected-to-normal vision and were asked to wear appropriate 

corrective lenses (see Table 1). Participants were unaware of the purposes of the study 

and were reimbursed $15 per hour.  

 Apparatus. Stimuli were generated using software written using MATLAB (The 

Mathworks inc., version 2015b) and the Psychophysics Toolbox (Brainard, 1997; Pelli, 

1997). The stimuli were presented on a 58-inch plasma display (Panasonic TH-

58PF12UK). The display had a refresh rate of 60 Hz and a resolution of 1920 X 1080. A 

Dell precision T7500 equipped with dual Intel Xeon E5506 processors using Window 7 

(Service Pack 1) operating system equipped with an NVIDIA Quadro FX 4800 graphics 

card was used. See Figure 14 for an example of the stimuli.  

 Procedure and Stimuli. The stimuli consisted of 1.5 hours per day of testing or 

training over 7 days within the span of 3 weeks. The stimuli were viewed binocularly 

with the monitor at a distance of 60 cm. Participants that had corrected vision were asked 

to wear their corrective lenses. Participants were presented with a 3-D scene that 

consisted of a randomly generated texture. Such a texture was chosen to prevent 

participants from using features within the texture as references to determine the object’s 

motion. The viewpoint was 1.2 m above the ground plane  

 On each trial forward motion was simulated. This sphere translated toward the 

observer with the approaching spherical object was initially positioned to the left or right 
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of the roadway along an arc (approx. 20º from the center of the display) at a fixed 

distance 115 units from the viewpoint. The object moved on a linear trajectory. Half of 

the trials consisted of motion trajectories that would collide with the observer and the 

other half of trials would pass by the observer. Collision events were created by crossing 

the trajectory, from the initial position, with the viewpoint of the observer. 

Three speed conditions were used. In one condition the observer travelled at 

100km/h and the sphere approached at 20km/h. In the second condition the observer 

travelled at 60km/h and the sphere approached at 60km/h. In the third condition the 

observer travelled at 20km/h and the sphere approached at 100km/h. These speeds were 

chosen in order to maintain a constant relative speed and time to contact (TTC) across the 

three conditions.  

Task practice. On day 1 of the experiment participants were provided with 4 trials to 

become familiar with the stimuli. Following these trials participants were given 10 

practice trials on which they had to correctly identify 9 out of 10 trials to continue on to 

the experimental trials. Participants were instructed to enter ‘4’ on the number keypad to 

indicate that they perceived an impending collision and ‘6’ to indicate they perceived a 

non-collision.  

Testing. Days 1 and 7 were testing days. Participants’ duration thresholds for all three 

speed conditions were tested on these days. On days 1 and 7, pretraining TTC thresholds 

for the three speed levels were assessed using QUEST (Watson & Pelli, 1983). Quest was 

initialized with a criterion of 75% correct, β= 1.6, δ=0.01, γ=0.5.  On testing days the 
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duration threshold for QUEST was set to 7000ms. For each speed level participants 

completed 100 trials with conditions speed randomized.  

Training. Days 2 through 6 were training days. Participants completed 300 trials of 

60km/h object and 60 km/h observer speeds. Quest was initialized with the same 

criterion, beta, delta and gamma as the testing days. Duration thresholds were based on 

the 75% correct threshold from the prior days performance. This was done to account for 

any improvement in performance. In total training consisted of 1,500 trials.  Auditory 

feedback was given.  

 Results. In order to test for differences in duration threshold before and after 

training, a training (pre-training, post-training) by object/observer speed (20/100km/h, 

60/60km/h, 100/20km/h) repeated measures analysis of variance was performed. A 

significant main effect of day was found for training F(1, 11) = 16.277, p=0.002, 

η2=.597. This indicates that participants’ duration threshold decreased after training (see 

Figure 15). The main effect of speed was not significant with object speed F(2, 22) 

=1.792, p>.05, η2 = .150. The interaction between object speed and training was not 

significant, F(2, 22) = 1.581, p>.05, η2 = .413. 

To quantify the amount of transfer at different speed levels and assess whether 

learning occurred for each speed condition (see Figure 16), planned comparisons were 

used to compare object speed to performance from pre-training to post-training. 

Comparisons from pre-training (M=7.922) to post-training (M= 7.324) at the first 

object/observer speed (20/100km/h) was significant t(11)= 2.77, p=0.018. For the trained 
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object/observer speed condition (60/60km/h) a comparison of pre-training (M= 7.674) 

with post-training (M=7.117) was significant t(11)=4.214, p=0.001. Finally, the last 

untrained object/observer speed condition (100/20km/h) was not significant from pre-

training to post-training with t(11)=1.294, p=0.222. This suggests that training was 

effective for the trained object/observer speed condition and the low object and high 

observer speed condition (20/100km/h).   It is worth noting that the failure to find 

improved performance for the high object and low observer speed condition 

(100/20km/h) might be due to a ceiling effect.  Specifically, this condition resulted in the 

lowest (best) duration thresholds prior to training.  This suggests that the performance for 

older adults might have been near optimal prior to training, resulting in little room to 

improve performance due to training. 

These results demonstrate that training with a collision detection task over 5 days 

was effective. In addition, the results demonstrate that improved performance due to 

training transferred to untrained conditions. 

Discussion 

 In this chapter, the usefulness of training older adults using a higher-order visual 

task, collision detection, was examined. The results of this study indicate that PL can 

occur at higher levels of visual processing in older adults. Further, this training appears to 

transfer to higher observer speeds, which is of importance because many older adults 

have been shown to have difficulty with higher speeds. As seen in Figure 16, a reduction 

of approximately 550 milliseconds was found for the trained object/observer speed 
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condition of 60/60km/h and a reduction of 600 milliseconds was found to transfer to 

untrained object/observer speed condition of 20/100km/h, providing observers with more 

time to respond to a collision event.  

       Compared to results found by DeLoss et al. (2015) involving younger adults, 

older adults in this study required more time to respond to an impending collision. 

However, both younger and older adults show a similar learning trend, with significant 

improvement on the trained condition as well as on an untrained slower object speed 

condition, signifying that the training follows a similar trajectory. Failure to transfer to 

both untrained condition indicates that these results cannot be accounted for practice with 

the task.  

    Additionally, some PL studies have shown that the perceptual improvements are 

specific to the trained stimuli and do not transfer to other untrained stimuli features or 

tasks. Lack of transfer has been found for training on low-level stimuli such as contrast, 

orientation and texture (Karni & Sagi, 1991). However, one study examined the 

frequency of transfer on various perceptual tasks and concluded that the likelihood of 

transfer was dependent on the complexity of the task (Fine & Jacobs, 2002). Tasks 

involving simple stimuli and judgments along a single perceptual dimension tended to 

show only small amounts of learning and were less likely to transfer, whereas more 

complex stimuli showed greater magnitude of learning and were more likely to transfer. 

It is not surprising that transfer was found in this study given the complexity of the task. 

Future research will need to focus on determining why transfer did not occur for the  

100/20km/h object/observer speed condition. 



81 
 

 The speeds chosen for this study were selected due to their applicability to real 

world driving scenarios. Older adults show declines in the ability to detect a collision, 

require more time to respond appropriately, and have greater difficulty when travelling at 

higher speeds. Our results demonstrate a reduction in the time needed to detect a collision 

following training and this effect generalizes to a faster untrained observer speed 

condition, having implications for the mitigation of increased crash rates for older 

drivers.  
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Figures 

 

Figure 14. Example of stimuli with collision object and textured ground.  
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Figure 15. Mean duration threshold at the trained object/observer speed of 60 km/h as a 

function of day. 
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Figure 16. Mean duration thresholds as a function of training (pre-training/post-training) 

and speed. Error bars indicate ±1 SEM. 
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Tables 

Table 4. Demographic information and results from Weshler Adult Intelligence Scale 

(WAIS)  
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General Discussion 

In this dissertation, three aims were examined concerning motion pooling, 

collision detection, aging, and training. The first aim was to assess motion pooling and 

collision detection in college-aged adults. The second aim was to investigate the extent to 

which motion pooling affected adults over the age of 65. Finally, the third aim was to 

determine the effectiveness of training older adults on a collision detection task to 

determine whether training could be used to improve collision detection performance. In 

the current research these three aims were examined in 11 experiments.  

For all the experiments the type of collision event simulated a moving observer 

and an approaching object on a linear trajectory and at a constant speed.  This condition 

was examined for three reasons. First, most collision events involve both a moving 

observer and object, particularly for conditions relevant for driving safety.  Second, the 

type of visual information that must be recovered by the observer in order to successfully 

detect the collision is well known.  Specifically, previous research has shown that this 

type of collision event is specified by expansion of the approaching object and a constant 

bearing of the object (i.e., position in the visual field).  The third reason is relevant to the 

role of motion pooling in collision detection.  Under conditions for which an approaching 

object is on a collision path with the observer and the observer is moving in the 

environment, optic flow information will be optic flow information surrounding the 

object.  If the observer is combining or pooling the motion information of the 

approaching object and the optic flow surrounding the object then the observer might 

misperceive the information for detecting a collision. 
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Aim 1: Motion pooling, collision detection and performance of young adults 

 Aim 1 was assessed in Experiments 1-7, with the goal of examining the role of 

motion pooling in a collision detection task in which both self-motion and object motion 

was present.  This allowed for testing the role of motion pooling. The study of motion 

perception and related research on collision detection has implications for real-life 

situations and safety issues such as driving a vehicle or navigating through the 

environment.  As discussed in Chapter 1 prior research puts fatality rates from vehicular 

accidents at approximately 30,000 with 5,584,000 non-fatalities accidents every year 

(NHTSA, 2013). Furthermore, collision with another motor vehicle made up 68% of 

these crashes.  

These statistics point to potential difficulties for drivers when processing motion. 

Supporting the statistics cited above, previous empirical studies have indicated that 

performance declines when both observer and object motion are present as compared to 

only object or observer motion (Andersen & Enriquez, 2006). Additionally, TTC 

judgments have been found to be shorter when observer motion was present as compared 

to when the observers were stationary—indicative of difficulty determining speed 

(Andersen & Enriquez, 2006).  

There is an extensive literature from computational, neurophysiological and 

psychophysical studies that provide evidence of motion pooling. As discussed in Chapter 

1, studies investigating the neurophysiology of motion processing in non-human primates 

have provided support for motion pooling. Neurophysiology research supports an 
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averaging of local regions occurs within extrastriate cortex area V5/MT. 

 Computationally, models have been shown (Royden, 1997; Simoncelli & 

Heeger’s, 1996; Perrone’s, 1992) to derive self-motion estimates with considerable 

accuracy and assume that cells in MT are pooling or averaging velocity information. 

These computational and neurophysiological studies are also supported by research on 

global motion processing (Koenderink, van Doorn, & van de Grind, 1985; Bennett, 

Sekuler, & Sekuler, 2007; Watamaniuk, Sekuler, & Williams, 1989).  

For the purpose of clarity, I will review the hypotheses and results for 

Experiments 1 -7 separately (as discussed in Chapter 1). Experiment 1 was conducted to 

assess motion pooling in which the first hypothesis examined motion pooling in the 

visual field in college-aged subjects. 

Hypothesis 1: The mechanisms involved in detecting a collision event, pool 

velocity information within the flow field. 

If the visual system pools information, then judgements of a collision event will be less 

accurate when adjacent velocities are present. In Experiment 1 observers were presented 

with a roadway that simulated forward motion. An object was presented that would either 

collide or pass by the observer. To create conditions in which adjacent velocities were 

present, stationary scene objects, were presented that, during observer motion, resulted in 

velocity of the objects in the optic flow field. When objects were in close proximity to the 

potential collision object then adjacent velocity information was present.  Performance on 

the adjacent velocities condition was compared with adjacent velocities absent (i.e., no 

static scene objects). A reduced sensitivity to detect a collision was found in Experiment 
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1 when adjacent velocities were present. Further, sensitivity increased as a function of 

display duration. Decrements in performance, when adjacent velocities were present, thus 

provided support for Hypothesis 1. 

Experiment 2 and 3 were designed to assess two potential sources of information that 

may decline with the presence of adjacent velocities—expansion information and bearing 

perception. To examine the role of motion pooling on expansion information a second 

hypothesis was developed.  

Hypothesis 2:  Motion pooling occurs when recovering expansion information.  

Prior research has indicated the role of expansion information in determining a collision 

event (Lee, 1978). Lee (1978; 1980) postulated that the TTC of an object was specified 

by the inverse rate of expansion of the object and can be used to indicate a collision 

event. In Experiment 2 subjects were presented with the same displays as in Experiment 

1. However, all trials consisted of collision events. Subjects were presented with partial 

displays of collision trajectories and were asked to respond when the collision would 

have occurred, had the displays remained on the screen. To examine differences in 

motion pooling in TTC judgments, the presence of adjacent velocities was manipulated. 

Results indicated that TTC judgments varied across display durations but did not vary 

across conditions in which scene objects were present or absent. Thus, the recovery of 

expansion information was not found to be degraded as a result of motion pooling from 

the presence of adjacent velocities. These results offer suggest that the decrement in 

collision detection found in Experiment 1 is likely due to a misperception of bearing. 
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Given that TTC judgments did not vary between adjacent velocity conditions in 

Experiment 2 and that the detection of an imminent collision on a linear trajectory is 

determined by both the perception of TTC and constant bearing, an alternative hypothesis 

was presented. The third hypothesis concerned whether motion pooling affects the 

perception of bearing.  

Hypothesis 3: Motion pooling occurs when recovering constant bearing information 

One study found that navigation paths when intercepting fly balls were altered by the 

presence of a large moving background (Wang, McBeath & Sugar, 2015), indicating that 

misperception of bearing may result from adjacent velocities.  To test Hypothesis 3, 

subjects’ perception of constant bearing when scene objects were absent as compared to 

present was examined in Experiment 3. Again, the same displays used in Experiment 1 

were presented in Experiment 3. However, subjects were asked to respond to whether the 

angular position of the collision object was changing of staying the same. Indeed, 

sensitivity to bearing was reduced when adjacent velocities were present. The results of 

Experiment 3 indicated that the presence of adjacent velocities, for the conditions 

examined in the present study, altered the perception of bearing. These results suggestthat 

the decline in collision detection performance, found in the previous two experiments, is 

likely due to a misperception of bearing. Thus, the presence of adjacent velocities alters 

the ability to extract bearing information as compared to when the adjacent velocities are 

absent. 
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 In Experiment 4, the role of binocular disparity on collision detection 

performance—which may provide more precise bearing information of the approaching 

object—was examined. Binocular information has been shown to improve motion 

perception in depth (Portfors-Yeoman & Reagan, 1996). However, other research 

examining the role of disparity for motion in depth judgements has not found clear 

evidence that disparity can improve performance (Pierce, Bian, Braunstein, & Andersen, 

2013). Given these results, the cue of binocular disparity was included in Experiment 4 to 

provide additional information about the collision object’s position in 3-D space (i.e., 

bearing of the object).   

Hypothesis 4: Binocular disparity is an additional information source when detecting 

a collision.  

The methodology for Experiment 4 was similar to Experiment 1 with the exception that 

viewing condition (monocular vs. binocular) was manipulated. Sensitivity to detect a 

collision (d’) was similar for both monocular and binocular viewing conditions when 

object motion adjacent to the approaching collision object was present. These results 

suggest that the addition of binocular disparity does not allow for the observer to 

overcome the effect of local motion from objects in the scene. Support for Hypothesis 4 

was not found.  Thus, binocular disparity was not demonstrated to be beneficial for 

collision detection performance.   

 Regardless of location, the presence of scene objects anywhere within the scene 

may be a contributing factor in the decrement in collision detection performance 
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observed in Experiment 1.  Experiment 5 tested if the presence of objects within the 

scene, regardless of proximity to the collision object, alters collision detection 

performance. Thus, a fifth hypothesis was developed and concerned the role of scene 

object within the display.  

Hypothesis 5:  Decrements in collision detection is due to the presence of 

additional objects within the scene.  

Experiment 5 was comparable to Experiment 1 in that observers were presented with 

displays that contained or did not contain additional scene objects.  In addition, a third 

scene object condition was included. For this condition, scene objects were present but 

only on the side opposite the collision object. If the presence of objects, and the velocity 

of these objects within the scene, alters collision detection performance, regardless of 

proximity to the collision object, then there should be a decrease in sensitivity for any 

conditions in which scene objects are present. Results of Experiment 5 suggest that the 

presence of scene objects specifying velocity information, regardless of location, did not 

contribute to the decrement in collision detection performance. Indeed, the results 

indicate that a decrease in collision detection performance only occurred when the scene 

objects with velocity information, were adjacent to the collision object.  

The purpose of Experiment 6 was to examine the spatial extent of motion pooling. 

Given that receptive fields are on average between 4-8°, local motion averaging should 

occur when two object velocities fall within this range.  

Hypothesis 6: Velocities are pooled within local regions of the visual field. 
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The hypotheses discussed above assumes that averaging is occurring when the 

collision object and scene objects are in close proximity to one another such that they are 

both fall within a particular receptive field. In Experiment 6 the proximity of adjacent 

velocities to the approaching object was manipulated with four levels (0°, 2°, 4°, or 8°) of 

separation. If there is a limit in the spatial extent of velocity pooling that is within this 

range of conditions, then there should be a point at which collision detection performance 

is no longer altered by the adjacent velocity information. Analysis for the 0°, 2°, 4°, and 

8° spatial separations indicated significant differences between the 0° and 4°, and 0° and 

8° conditions with subjects showing declines in performance for adjacent velocities 

closer to the collision object. Adjacent velocities in close proximity to another object are 

likely being pooled across local regions of the visual field.  

Previous research suggests that the accurate perception of a target can be affected 

by spatial interference of neighboring static distractors (Eriksen and Hoffman 1972; 

Eriksen and Eriksen 1974) often referred to crowding. The presence of static distractors 

has been shown to interfere with the detection of a target, sometimes referred to as visual 

crowding (Bouma, 1970). Given that the stimuli used to create adjacent velocities in 

Experiments 1-6 may create visual crowding, a study was conducted to assess the extent 

of visual crowding within these displays. 

Experiment 7 examined the potential role of visual crowding.  

Hypothesis 7: Decrements in collision detection is the result of visual crowding 

To examine visual crowding, similar displays as Experiment 1 were used but 

scene objects maintained an equivalent distance from the observer within the scene, 
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despite forward observer motion. As a result, the objects were present in the visual scene 

but did not contain velocity information (i.e., were static in the display).  Results 

indicated that subjects performed significantly better when scene objects were present as 

compared to absent. Given the reverse effect of adjacent velocities shown in Experiment 

7, visual crowding is unlikely behind the effect of adjacent velocities. 

Aim 2: Aging, Motion Pooling, and Collision Detection 

The purpose of Aim 2 was to examine aging, motion, collision detection performance 

and the potential role of motion pooling in older observers (see Chapter 2). Previous 

research has demonstrated declines in visual processing with age. Of relevance to the 

current investigation are declines in motion perception with age. Declines in coherent 

motion and global motion processing have been shown with age. Trick and Silverman 

(1991) demonstrated decreases in detection of the direction of 2D coherent motion in 

older observers. Declines in global motion processing have also been demonstrated using 

RDCs.  

Given that determining the direction of motion in RDCs is based on combining or 

pooling the velocities in a display, these results suggest age-related declines in pooling 

velocity information.  Moreover, declines may also be present in more complex motion 

tasks such as the perception of object motion and speed. Previous studies have shown 

older adults have difficulty discerning object motion as compared to younger observers. 

Additionally, several studies have shown age-related decrements in multiple tasks 

including the perception of speed (Norman et al., 2003).   
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With these declines, numerous studies involving older adults show differences in 

determining whether a collision will occur as compared to younger adults (for review see 

Andersen, 2012). Andersen and Enriquez (2006) found that subjects had decreased 

sensitivity to determine an imminent collision when both object and observer motion 

were present and this effect was more prominent for older observers. This suggests that 

older observers have difficulty discriminating object motion from observer motion. 

Andersen et al. (1999) found older observers showed less sensitivity to detecting 

collisions than younger observers, and sensitivity was dependent on the simulated speed 

of observer motion. These results suggest that increased accident rates for older drivers 

may be due to an inability to detect collisions at high speeds.  

Experiment 8 was designed to assess the role of adjacent velocities on collision 

detection with older adults. Given the previous research indicating reduced motion 

sensitivity of older adults another hypothesis was developed concerning motion pooling 

in older adults.  

Hypothesis 8: Older adults engage in less motion averaging as compared to younger 

adults. 

It was predicted that if hypothesis 8 is correct, then the addition of adjacent velocities 

should have little or no effect on collision detection performance for older adults. To 

examine this, Experiment 8 used the same displays as those used in Experiment 1 and 

collision detection performance was assessed for adults over the age of 65. The results of 

Experiment 8 indicated that older observer’s sensitivity was greatest when scene objects 

were present and display duration was the longest. These results are counter to the result 
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found in Experiment 1 involving younger subjects and fail to provide evidence in support 

of Hypothesis 8.  

In Experiment 8 collision detection performance improved when adjacent velocity 

information was present. This result was surprising given that in Experiment 1 there was 

a decrease in collision detection performance for younger adults when adjacent velocity 

information was present.  An important question is whether the presence of adjacent 

velocities is beneficial for recovering expansion information of bearing information—the 

two sources of information for detecting a collision.  Therefore, the purpose of 

Experiment 9 was to examine whether the effect of scene objects and adjacent velocity 

information in the present stimuli altered the utility of expansion information.  

If adjacent velocities improve the recovery of expansion information, then there may be a 

difference in TTC judgements for older adults when adjacent velocities are present as 

compared to when adjacent velocities are absent. The displays were identical to those 

used in Experiment 8 except that all trials were collision events. TTC judgments were not 

significantly different when scene objects were present as compared to absent. Support 

for Hypothesis 9 was not found from the results of Experiment 9. The results of 

Experiment 9 suggest expansion information is not altered by the presence of adjacent 

velocities. 

In Experiment 9 TTC was not found to vary between the scene object present and 

the scene object absent condition. These results indicate that the improved performance 

in collision detection when scene objects are present is not due to an effect on the 

recovery of expansion information for TTC. Given that the detection of an imminent 
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collision on linear trajectory is determined by both the perception of TTC and constant 

bearing, an alternative hypothesis is that the effect of adjacent velocities on collision 

detection for older adults is due to an effect on the perception of bearing.   

In Experiment 10 older observers were asked to judge whether the bearing of the 

object was constant or changing. Again, the display duration and presence of scene 

objects were manipulated with the prediction that if bearing information is altered by the 

presence of adjacent velocities—with the addition of scene objects—then sensitivity to a 

change in the angular position of the object will be altered when scene objects are present 

as compared to when they are absent. The results indicated that sensitivity to bearing was 

increased when scene objects were present as compared to absent. These results suggest 

that the presence of adjacent velocities improved the ability to extract bearing 

information for older adults, and suggests that older adults may use the scene objects as 

references to improve bearing judgments. 

Aim 3: Aging, Collision Detection and PL 

PL has been shown to improve visual performance in both younger and older 

adults. A majority of PL studies have focused on college-aged subjects but some studies 

have been developed to train adults over the age of 65. PL studies involving older adults 

typically target aspects of visual perception that are known to decline with age, such as 

contrast sensitivity, orientation discrimination, and motion perception (Andersen et al., 

2010; Yotsumoto et al., 2014; Chang et al., 2015; Bower & Andersen, 2012; Deloss, 
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Watanabe, & Andersen, 2014).  This work has demonstrated that PL directed at older 

adults is effective at training low-level visual abilities.  

Other PL studies have been developed to train more complex visual tasks. A 

previous study has examined training and transfer of a high level of processing task 

(collision detection) for college-aged participants (DeLoss, Bian, Watanabe, & Andersen, 

2015). Testing and training was performed over 7 sessions on a collision detection task. 

After training, participants were tested and showed a significant reduction in the time 

needed to detect a collision at the trained speed.  

Research that has focused specifically on collision detection has indicated that 

older adults are less sensitive at detecting collisions, particularly at high speeds. 

Sensitivity has been shown to decrease when observer motion is present and when the 

speed of the observer is increased, particularly at speeds greater than 45mph (Enriquez & 

Andersen, 2006). These results suggest that increased accident rates for older drivers may 

be due to a decline in the ability to detect collisions at high speeds. Therefore, the 

purpose of Experiment 11was to determine whether PL training resulted in improved 

collision detection for older adults and to examine if improvements in collision detection 

performance transferred to conditions that were not trained (see Ch 3).  Older adults were 

tested and trained on a collision detection task for 7days. Duration threshold, the amount 

of time needed to determine a collision event, was recorded. 

Thresholds for three observer speeds were measured prior to training using a two-

alternative forced choice procedure during which participants indicated whether an 
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approaching object would result in a collision or non-collision event. Participants were 

then trained near threshold at one of these speeds for 5 days. After training participants’ 

thresholds were measured again. The results of Experiment 11 indicate a significant 

reduction in the time needed to detect a collision for the trained condition as well as an 

untrained observer speed condition. These results demonstrate that collision detection 

performance for older participants can be improved with perceptual learning and may 

transfer to untrained observer speeds. 

General Discussion of Major Findings  

Evidence of motion pooling was found for college-aged subjects in Experiment 1. 

An alternative interpretation of the present results is that the decline in collision detection 

performance is due to inaccurate parsing of optic flow in to object and observer motion 

(Andersen, 1986; Rushton & Warren, 2005). In the flow parsing hypothesis, optic flow 

components are thought to be subtracted out by the visual system. Specifically, the brain 

is thought to subtract the global components of optical flow that are attributable to self-

motion. (Rushton et al., 2005). If this global component is not properly subtracted or 

parsed then potential declines in determining self and object motion may arise, resulting 

in a potential decline in collision detection. However, the results from Experiment 5 do 

not support this alternative explanation.  In Experiment 5 scene objects were presented on 

the same or opposite side in the scene as the collision object. Both conditions contain the 

same global flow information for self-motion. If the effects of background objects on 

collision detection is due to difficulty in flow-parsing, then there should be no difference 

between same side as compared to opposite side locations of scene objects because the 
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global flow information is the same.  However, the results indicate a decline in collision 

detection performance only when scene objects are in the immediate vicinity of the 

collision object.  

 Thus, the present results do not support the hypothesis that the decline in 

collision detection performance is due to difficulties in flow parsing. Additionally, results 

provide further support for computational models that suggest that area MT is summing 

outputs. Models such as Royden (1997) and Perrone (1992) indicate MT as a motion 

pooling area within the visual hierarchy and have been found to compute self-motion 

judgments with accuracy. Furthermore, the decrease in detection of collisions fits well 

with these models and is supported by neurophysiological evidence of MT. 

In Experiment 8, older adults demonstrated improved performance collision 

detection sensitivity when adjacent velocities were present. Older adults likely have a 

reduced sensitivity to detect collisions, as demonstrated by their performance without 

scene objects, and use the presence of objects in the scene to their advantage in order to 

compensate for a lower level of performance. Such compensation in performance has 

been shown in other aspects of cognition and the Selection Optimization and 

Compensation Model (SOC) (Baltes & Baltes, 1990) may account for these results. In the 

SOC model it is proposed that older adults may show declines in aspects of cognition but 

are able to select and optimize their best abilities to compensate for such losses. This 

compensation, when practiced, is theorized to allow for ‘successful aging’. Thus, it is 

possible that older adults may be experiencing losses in motion perception and are able to 

alleviate some loss by using the scene objects as references.  
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The results of Experiments 8-10 have implications for our understanding of age-

related changes in motion perception. Area MT or inputs to MT may have reduced ability 

to pool information across the visual field with age. Future study should be directed at 

this line of research. It should be noted that analyses in this investigation were cross 

sectional comparisons of college-aged subjects and adults over the age of 65. From these 

analyses, one can only infer differences between the two groups rather than suggest a 

decline over time. To assess decline over time, longitudinal methods and a larger sample 

size are recommended.  

Compared to results found by DeLoss et al. (2015) involving younger adults, 

older adults in Experiment 11 required more time to respond to an impending collision. 

However, both younger and older adults show a similar learning trend, with significant 

improvement on the trained condition as well as on an untrained slower object speed 

condition, signifying that the training follows a similar trajectory. Failure to transfer to 

both untrained condition indicates that these results cannot be accounted for practice with 

the task.   

In terms of transfer of training, some PL studies have shown that the perceptual 

improvements are specific to the trained stimuli and do not transfer to other untrained 

stimuli features or tasks. Lack of transfer has been found for training on low-level stimuli 

such as contrast, orientation and texture (Karni & Sagi, 1991). However, one study 

examined the frequency of transfer on various perceptual tasks and concluded that 

likelihood of transfer was dependent on the complexity of the task (Fine & Jacobs, 2002). 

Tasks involving simple stimuli and judgments along a single perceptual dimension 
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tended to show only small amounts of learning and were less likely to transfer, whereas 

more complex stimuli showed greater magnitude of learning and were more likely to 

transfer. It is not surprising that transfer was found in this study given the complexity of 

the task. Future research will need to focus on determining why transfer did not occur for 

the 100/20km/h object/observer speed condition. 

Conclusion 

In sum, the results of the current investigation point to motion pooling in local 

regions of the visual field for college-aged subject, compensatory abilities of older adults 

in a collision detection task and the benefit of training older adults on a collision 

detection task. The results of Experiments 1-7 indicate that the presence of adjacent 

velocity information surrounding a moving object on a collision path with the observer 

reduces the ability to detect the object as a collision object.  This information does not 

alter judgements of TTC, suggesting that the presence of adjacent velocities reduces the 

ability to determine bearing.  In addition, the spatial extent of velocity pooling is 

approximately 4° and is not altered by the presence of binocular disparity.  These 

findings, considered together, suggest that the ability to detect an impending collision is 

reduced for visual environments in which the scene is cluttered and may account for the 

reduced ability to detect an impending collision with increased observer speed.  

As demonstrated in Experiments 8-10, older adults do not seem to be as 

susceptible to adjacent velocities as younger adults and even benefit from the presence of 

adjacent velocities. This surprising result may be due to the ability of older observers to 
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use the scene objects as references in determining the trajectory of the approaching 

object. However, it should be noted that older observers had reduced collision detection 

performance, as compared to younger observers, when scene objects were absent.  Older 

adults likely have a reduced sensitivity to detect collisions, as demonstrated by their 

performance without scene objects, and use the presence of objects in scene to their 

advantage in order to compensate for a lower level of performance.  

Experiment 11 established the efficacy of training older adults using a higher 

order processing task, collision detection. The results of Experiment 11 indicate that PL 

directed at higher levels of processing in older adults is effective. Further, this training 

appears to transfer to higher observer speeds, which is important considering many older 

adults have been shown to have difficulty with higher speeds.  

 The three speeds chosen for Experiment 11 were chosen based on applicability to 

real world driving scenarios. Older adults show declines in the ability to detect a 

collision, require more time to respond appropriately, and have greater difficulty when 

travelling at higher speeds. Results demonstrate a reduction in the time needed to detect a 

collision following training and this effect generalizes to a faster untrained observer 

speed condition, having implications for the mitigation of driving skill declines using a 

training paradigm.   

Future directions 

Stimuli consisted of only linear object trajectories moving at a constant speed 

were examined in these studies. Real world conditions can involve much more complex 
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trajectories. The observer as well as the object can move in a linear or curved trajectory 

and both are often free to move at either a constant or varying speed. An important issue 

for future research will be to determine collision detection performance that involves 

more complex trajectories. For example, a future experiment could include collision 

objects that move on curved trajectories. Additionally, future research might focus on 

acceleration or deceleration of the observer as a means of further measuring the effect of 

scene objects on these complex trajectories during collision detection and depicting a 

more realistic driving scenario.   

In addition, the results of this research provide two important implications 

regarding driving safety and crash rates. First the presence of scene objects, as is typical 

in almost any driving scene, results in a reduced ability to accurately detect a collision 

object that has a fixed position in the visual field. An example of this would be an 

approaching vehicle on a collision path or object on the roadway. This suggests that in-

vehicle technologies could be useful in cluttered driving environments to warn drivers of 

impending collisions, particularly when the driver’s ability to detect a collision is 

reduced.  A second implication concerns training drivers.  Previous research has shown 

that an impending collision of an object on a linear trajectory is specified, in part, by the 

object maintaining a fixed position or bearing in the visual field. The present findings 

suggest that the decreased performance in detecting collisions in cluttered environments 

is due to a reduced ability to determine bearing information of the object on a collision 

path.   
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Appendix A 

Cell Means for Experimental Data 

Chapter 1 

Experiment 1   

Scene Objects Mean SD 

Present 0.671811 0.300417 

1s 0.353733 -0.18875 

3s 0.388909 0.2 

5s 1.272792 0.89 

Absent 1.28222 0.589617 

1s 0.777817 0.1425 

3s 1.350574 0.65625 

5s 1.718269 0.9701 

 

 

 

Experiment 2   

Scene Objects Mean SD 

Present 3.691295 1.149309 

1s 4.089579 1.281627 

3s 3.814273 1.173433 

5s 3.170031 0.992868 

Absent 3.737919 1.191264 

1s 4.185893 1.199114 

3s 3.730141 1.142609 

5s 3.297723 1.23207 
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Chapter 1 cont. 

 

 

 

 

 

 

 

 

Experiment 4    

Viewing condition  Mean SD 

Monocular  1.819077 1.762122 

 1s absent 0.882189 0.933506 

 5s absent 2.235557 2.29715 

 1s present 1.4186 1.266193 

 5s present 2.739963 2.551637 

Binocular  1.762122 0.696649 

 1s absent 0.933506 0.460166 

 5s absent 2.29715 0.808869 

 1s present 1.266193 0.787128 

 5s present 2.551637 0.730434 

Experiment 5   

Scene Objects Mean SD 

Absent 2.01375 0.747392 

1s 1.08625 0.770286 

5s 2.94125 0.724499 

Side 2.176875 0.827765 

1s 1.2825 0.862302 

5s 3.07125 0.793229 

Present 1.3275 0.705375 

1s 0.6975 0.611433 

5s 1.9575 0.799317 
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Chapter 1 cont. 

Experiment 6    

Degree Duration Mean SD 

0°  0.889751 0.733678 

 1s -0.07713 0.398884 

 5s 1.856631 1.068472 

2°  1.374917 0.593378 

 1s 0.200615 0.296463 

 5s 2.549219 0.890292 

4°  1.548673 0.811573 

 1s 0.304647 0.477502 

 5s 2.792699 1.145645 

8°  1.581233 0.665915 

 1s 0.442087 0.503327 

 5s 2.720379 0.828504 

 

 

 

 

 

 

 

 

 

 

 

Experiment 7   

Scene objects Mean SD 

Present 3.436601 0.661465 

Absent 2.718626 0.938177 
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Chapter 2 

 

 

 

 

 

 

 

Experiment 10   

Scene Objects Mean SD 

Present 0.882667 0.630076 

1s 0.17 0.578753 

3s 0.388 0.431298 

5s 2.09 0.880177 

Absent 0.618333 0.436496 

1s 0.29 0.42484 

3s 0.306 0.394242 

5s 1.259 0.490407 

 

 

 

Experiment 9    

Scene object TTC Mean SD 

Present 6.2s 5.088 1.426 

 4.2s 3.247 1.069 

 1.2s 1.884 5.933 

Absent 6.2s 5.262 1.120 

 4.2s 3.608 9.04 

 1.2s 2.018 5.91 
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Experiment 11    

20/100 km/h  Mean SD 

 Pre-training 475.3333 54.68311 

 Post-training 439.4167 20.71213 

60/60 km/h    
 Pre -training 460.4167 29.79768 

 Post-training 427 31.36008 

100/20 km/h    
 Pre -training 441.3333 55.11366 

 Post-training 428.0833 46.90505 

 




