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ABSTRACT

Visual analysis of an object’s size can be useatktermine the lifting forces we
program to lift the object so that the resultingueiments achieve the goals of the lift.
These forces are scaled or specified prior to bjeod moving, that is, before sensory
feedback information about the object’s weightvaikable. Sensorimotor memories are
relied on to provide relevant information aboutodnject’s density and weight if the
object was previously manipulated. It is well efithled that young adults accurately
scale their forces based on visual size cues. Tihope of this study was to determine if
old adults scale their forces to the size of thedlor if they rely on sensorimotor
memory of the previous object’s weight. There amorts of impaired visuomotor
programing for grasp and lift in old adults.

In the present study old and young subjects weyeired to lift four different
sized bottles of constant density from a forceeptatd then place the object on a shelf.
Two experiments were performed. Experiment onaufedtblocks of lifts for three
bottles in the following order: large, small anddien. Experiment two took place
fifteen minutes after experiment one and featurbdtte slightly larger than the medium
bottle used at the end of the experiment one. €hersl experiment addressed whether
imperceptible changes in size cause changes incpkedforce scaling. Peak load force
rate in the first force pulse (prior to lift-off)ag measured for each lift of the objects with
the focus being on the initial and last lift of bdattle.

Both experiments presented a significant effecbfuitle size on lift force rates.
This result was found regardless of age. It pravigditional support that young adults

accurately scale their lift force rate based orvibaal size cues of the object. Old adults
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also demonstrated scaling of their lift force rdiased on bottle size which failed to
support the hypothesis that old adults would mergyoduce their lift force rates from
the previous lift with a different object. While thoyoung and old scale lift forces to
object size, the old demonstrated a trend forzinij high lift force rates throughout the
experiment as well as greater differences in difté rate between the initial lift with an
object and the final lift with the same object.

Most subjects utilized a target strategy in whiokytproduced a single peak lift
force rate pulse. This is indicative of a neurgresentation of the weight of the object
being utilized to program the lift force rate. Tieenaining subjects exhibited a probing
strategy that features several step-wise incraaddsforce rate until the object is lifted
off. This represents a more cautious approactitiodinovel objects.

Our results indicate that old adults, much likerypadults, are able to scale their

forces based on visual size cues.
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CHAPTER |
INTRODUCTION
Overview

To successfully interact with objects we must usrigate lifting forces to
properly manipulate the object. Weight informatabyout the object is not available until
after the object has begun to move in a vertiaaation. A consequence of this is that we
must rely on past experience and visual analysi®teectly scale our forces (10). Past
experience with an object creates a sensorimotanang an internal model of the
weight of the object and the necessary forces malleat properly (16). Visual analysis of
an object to be manipulated provides informatiooutlthe relative size of the object as
well as friction information. A common density issasimed for object manipulation and
ties in with visual analysis and sensorimotor mgmorprogram accurate lifting forces
(11). This system of accurately programming liftfiogces serves as a feedforward
system that enables us to act quickly and not wwaithkin the limits of a sensory feedback
(13). Additionally by programming accurate forces are not faced with fatigue issues
from consistently programming excessive forces seating to lower forces.

It is well documented the elderly have increadeding and decreased dexterity.
Cole has conducted several experiments that havertstrated the elderly use increased
grip force when interacting with a novel objecgaelless of the object surface
coverings. The grip force showed large variabgityoss all trials. This increase in grip
force creates a larger safety margin to preverdgatlglips. Part of the increase grip force
can be explained by the decrease in water conteéhekin in the elderly, resulting in

increased slipperiness. Additionally deficits intte sensation in the fingers of the
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elderly contribute to increased grip force; howeterincrease in grip force is beyond
that needed to overcome the friction concerns)3, 5

Diermayr and colleagues conducted a mini-reviethefaging literature as it
relates to grip force and provided further evidetinag supports Cole’s findings. His
search revealed more studies showing old adultgyuscreased grip force and
presenting with increased slipperiness of the fiag€éhe use of increased grip force may
contribute to impaired dexterity, especially inkmsequiring low force levels. The
increase muscle activation would result in varidblee presentation and lead to
premature fatigue (8).

Gordon has provided the most thorough research@way healthy young adults
accurately program lifting forces for a given objpdor to ever actually lifting the
object. His series of experiments focused on aigimergrip lifting a novel object or a
common object off of a platform and featured adayes 19 to 51 (11). His paper
focusing on visual size cues featured boxes oérfit volumes but the same weight,
resulting in varied densities. Boxes were preseraadomly after an initial practice
period with one box. Gordon and colleagues fourajesuis were strongly affected by the
size-weight illusion, a perception in which the dest object is perceived as the heaviest
despite being the same weight as the other objédifisforce rate production was highest
for the largest box, indicating a strong visuallgsia of the object and assumption of a
higher weight for the larger object. Additionallylgects scaled smaller lift force rates for
the smallest object despite their proclamatiorhefdmallest box being the heaviest. The
visual effects of the box size on lifting forcesregonsistent throughout the duration of

the study (12). This study provided evidence ofgheat impact of visual analysis of

www.manaraa.com



object properties on the accurate programmingftirfidi forces. It demonstrated well
established scaling taking place on the first Tittis work established the basis for us
using the young adults as a control group as thepecurately scaling to visual size
cues.

Gordon and colleagues followed up the visual amagsperiment with a study
focusing on haptically acquired size informatiomgsblindfolded subjects (11). Subjects
lifted boxes after haptically exploring the dimesrss of the box. As in the previous study
the objects were different sizes but the same weggain resulting in different densities.
Most subjects programmed a single pulse force nadéating a target strategy for the
lift. A few subjects resorted to a probing strat@gyhich several pulses of force rate
were used to lift the object. Subjects produceddidift and grip force rates for the large
box. The size-weight illusion was demonstratediire of the twelve subjects in the third
group. Gordon concluded the actual weight infororagained from lifting the object had
a greater effect on forming a sensorimotor meméth® object than the size information
gained from the haptic exploration (11). His wankhis study provided evidence of the
great impact of information gained from previoupexence with an object in forming
sensorimotor memaories.

The next experiment of Gordon featured objectsvhaed in both size and
weight to evaluate the impact of size cues on tbgnamming of lifting forces. The
study featured four boxes, two of each size, with small and one large weighing 300
grams while the other small and large boxes weid#8) grams. The experiment
featured different transitions in weight and bazesiVisual size cues were used to

program larger grip and lift force rates for thegker boxes. This larger programmed force
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rate was observed when the large 300 g box wasl ifesulting in an increased
acceleration of the box. A probing strategy waseoled when the small box at 1200 g
was encountered due to the expectation of the bmglat 300 g. Gordon concluded the
high accuracy of using visual size informationpoogramming lifting forces when a
constant density is maintained between the objede lifted (10). This study furthered
the understanding the power visual analysis ofalgize has on accurately programming
lifting forces.

The final Gordon paper to consider focused on@@mstor memories of weight
of common objects as well as the acquisition ofglivememories for novel objects with
extreme densities. The experiment featured twopgg @i subjects that lifted either
common objects or novel objects. The novel objeas wonstant in appearance but had
its weight varied from 300 g to 1200 g, resultingan extreme density difference.
Subjects lifted one of the two weights on day omé @ay two, and lifted the other weight
on the third day. The common object experiment destrated consistent lift force rates
across the ten lifts for each object, indicatingaaourate programming of lift force rate
on the initial lift. Loading phase duration wasreased for a more fragile object despite
it being of lesser weight than many objects, sugggsaution was used by all sixteen
subjects. Larger lift force rates were observedtierheavier items consistent with
Gordon’s previous work.

In the novel object task subjects faced with th@0lLg object first displayed small
lift force rates, indicating an assumption of thgeat weight being less than it was.
Higher lift force rates were observed over thet tinsee trials and steadied around the

fourth lift with changes continuing through thettetrial. The second day subjects
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demonstrated lifting forces consisted with theclattials of day one, indicative of
sensorimotor memory formation. On the third dayjecis lifted the 300 g object and
presented lifting forces consisted with their poes lifts with 1200 g. By the second lift
with the lighter object lifting forces had stabd. Subjects who first lifted the 300 g
object over the first two days accurately scaledrtforces on the first lift of day one.

Gordon’s work with the common objects demonstr#taslifting forces were
accurately programmed prior to the initial lift vithe object. With the novel object
subjects assumed a common density and were abtetwately scale their lifting forces
after the first trial with the 300 g object. It toseveral trials for subjects to program their
forces to the object of an unusually high densi®00 g object). These subjects also
initially featured a probing strategy while a targeategy was employed by those
starting with the 300 g object. This experiment dastrated the strong correlation
between visual recognition of an object and sensator memory for weight and density
of the object (13). This experiment served as thmmation of Gordon’s previous work
in establishing the power of visual analysis imgssize cues for extrapolating weight
information as well as the strength of sensorimatemories for weight in accurately
scaling lifting forces.

Forssberg expanded on Gordon’s work by examiriiegievelopment of the
precision grip in children in a series of experitse®ne study focused on the effect of
the previous lift on the load forces for the néftt His subjects ranged in age from 1 to
15 years old and lifted an object that did not ¢geaim appearance when the weight was
changed. Subjects lifted the object using a precigrip. The study utilized an object at

200 and 400g for the 2 years and under group a@dy2thd 800 g for 3 years and above.
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In the 1-2 year old group it was observed thafdifce and grip force rates were
higher for the heavier of the two objects. Addiaatin this age division displayed a
probing strategy for lifting the object. The 2-3adjvision and older groups
demonstrated strong weight influences on the grpldt force rates from the previous
lift. This was evident in the presentation of larfgrces when lifting the 200 g object
after lifting the 800 g object and the oppositengerue when lifting the 800 g object
after lifting the 200 g object. Forssberg was ableonclude that anticipatory
programming of forces emerges around age 2. Istakél the age of 10 for the force
program to mature to a near adult level (9). Hisknwrovides the foundation for the
development of force programming in the young amaiglements the work of Gordon in
the same area in adults.

An experiment conducted by Cole targeted the shhilgy of visual analysis to
program forces despite the subject being unawaamptize changes. He presented
subjects with a single bottle to be lifted sevéiraks followed by a break period. Upon
return subjects in the control group encounteredstime bottle with a slightly lower
weight. They produced lifting forces consistenthitie weight of the object in the first
part of the experiment. The experimental grouprretd to a slightly smaller bottle that
featured the same lower weight. Despite subjegisrtmg it was the same bottle their
forces were scaled accurately to the smaller 3iaes. study provided strong support for
sensorimotor memories when encountering an objsetand time and also
demonstrates the power of visual analysis of sims ¢o accurately program lifting

forces when the size change is imperceptible (2).
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Baugh provided a more thorough look at sensorimo&mories as they relate to
object density. His study included four blocks waither a wood or brass veneer
covering that were filled with either the matchimgterial or the conflicting material. A
final series of lifts took place with a larger sdgled block that featured the covering of
the subject’s previous object. The results dematedrsubjects were able to accurately
scale their forces for the small object regardtdsts covering. The first lift with the
large object was grossly affected by the covermwaell as the core material of the
previous object. Baugh was able to conclude thad@@notor memories can be formed
for density and contribute to predictions of wei¢hit His work contributes to the
understanding of accurately programming liftingcks when lifting novel objects as it
pertains to density.

Arbitrary visual cues that are unrelated to obproiperties can be relevant to grip
and lift force rate programming. This is seen in daily lives when we interact with
objects that vary only in characteristics, sucklege and color, which contribute to the
sensorimotor memory of the object only after it haen manipulated. Nowak conducted
an experiment that demonstrated young adults qa&bbéa of programming accurate
lifting forces based solely on the arbitrary visaaé of color and its relation to object
weight. This phenomenon persisted 24 hours aftemitial manipulations of the objects.
His work also supported the formation of sensoronatemories for object properties
based on arbitrary cues (18).

Cole and Rotella investigated the effects of ca®an arbitrary visual cue as it
pertains to friction and how the elderly (mean @4 years) can learn these cues. The

first experiment indicated the grip surface materia color, sandpaper or acetate. The
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second portion of the first experiment featurechbmmverings in the same color,
removing the visual cue. Subjects lifted the tégéct using a precision grip. A second
experiment the object weight changed between 2axd&nd was marked with a colored
tape to indicate the weight of the object for tisual cue part. No colored tape was used
for the second half of the experiment (4).

Young subjects used the visual cue of surfacédndo produce lower grip
forces with acetate covering as compared to thditon in which no cue was given and
a larger grip force was employed. This was not oiegkin the elderly. In the second
experiment young subjects lowered their peak gipd rates for the visual cue of
weight. Again this was not seen in the elderly.e€3whs able to conclude that the young
adults were able to use the visual cues of friciod weight to quickly program accurate
forces while elderly subjects failed to use the samsual cues. This experiment
demonstrated the ability to learn arbitrary vistiaés of an object’s characteristic are
hindered in the elderly. Additionally larger griprées were observed in the elderly,
believed to be an attempt to prevent slips (4)sTWork provides a look at possible
impairments in object manipulation as we age, is thse deficits in learning arbitrary
visual cues.

Cole has demonstrated the elderly struggle wititrary visual cues as well as
excessive grip force in object manipulation. Cofeislings provoke additional questions
about object lifting issues the elderly may poss€hsse questions focus on if they have
issues with programming forces based on size &rests in the programming of forces

would contribute to slowing due to increase vatigbwith each lift. Larger lift force
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rates would cause accelerated object motion andpuonation issues to use the object.
Fatigue would be an issue as well due to the usaadssive grip forces.

The neural substrate most likely involved with aete force programming
includes the anterior intraparietal sulcus (AlRntral premotor cortex (PMv), and the
primary motor cortex (M1) (7). It appears that guesterior parietal cortex has access to
the ventral visual stream involved in object idBodition necessary to retrieve
sensorimotor memories and would contribute to gatory scaling as well (6). AIP is
shown to be concerned with object size while PMsoiscerned with object density and
weight. M1 stores sensorimotor memories of objegigim after interacting with the
object and uses these memories to alter the eXititadd necessary muscles to
manipulate the object. Davare and his team have tnaescranial magnetic stimulation
(TMS) and theta-burst TMS (cTBS) to study the iations of the cortical segments in
grasp control. AIP virtual lesions during grasppametion significantly decreased the
PMv-M1 interaction for programming specific musclé&his result suggests AIP
provides PMv and M1 with specific object propertiesssist in the accurate
programming of motor commands (7). This circuit npéay a large part in arbitrary
visual cues as well and may be a factor in aging.

Purpose of the study

The purpose of this study is to investigate whe#tlehealthy older adults have
impairments in scaling lifting force rates on théial lift of a novel object based on size-
weight cues. A second experiment will investigatader adults accurately scale lift
force rates for subtle changes in bottle sizedhainot visually salient when the previous

lift was several minutes prior.
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Specific aim and hypothesis

The aim of experiment one is to observe if old#iles can accurately program lift
force rate on the initial lift with an object. Wggothesize that 1: older adults will fail to
produce lift force rates consistent with changeshject size, and 2: older adults will
demonstrate lift force rates similar to their poas lift when first lifting an object of a
different size. A minor aim of the study is to comf previous evidence of accurate size-
weight scaling in young adults. The aim of expeniritevo is to determine if old adults
are able to accurately scale lift force rates fomaperceptible change in object size (and
weight). We hypothesize older adults will produddtdorce rate consistent with the
previously lifted object while young subjects wiloduce a lift force rate scaled to the
weight of the new object.

Significance

The results of the experiment may contribute euhderstanding of age-related
slowing of dexterous manipulation such as multiptee pulses when the first pulse is
too small to lift the object. Decreased dexterigynbe explained in the elderly if it is
found that there are issues in lift force rate pgogming in the elderly, such as

inappropriately high acceleration if the first pails too high in relation to object weight.
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CHAPTER Il
METHODS
Subjects
Eight healthy old adults (70-79 years; 74 + 3 g¢anean + SD]; three females)
and eight healthy young adults (20-25 years; 28egtsimean = SD]; four females)
were recruited for this study. All participantsfaglported which was their preferred
hand and claimed to be free of the following: @iy or disease affecting the arms or
hands, (b) injury or disease of the brain, (c) dtab, (d) hand or wrist pain that requires
daily prescription medication, (e) hypertensionuieqg medication, (f) sensory
disturbances of the dominant arm or hand, anddgected vision worse than 20/20.
Approval from the University of lowa Human Subjéaternal Review Board (IRB) was
obtained for the experimental procedures. All sctigjgave written informed consent
according to the Declaration of Helsinki.
Equipment
Four brown opaque plastic bottles that differedize, but were otherwise
identical were used in this study. Each bottle fiteesd with a white cap. Each bottle was
filled to the brim with the same fine mortar powd®nce filled the weights of the bottles
were as follows: 220 grams, 390 grams, 480 grants685 grams (see Table 2-1).
Subjects were not informed of the number of bottlesdid they view more than one
bottle at a time. Velcro was placed on each caglltov for the attachment of an
accelerometer (SenSym SXL010G; Sunnyvale, CA) tasuee vertical acceleration.
Subjects were seated in a chair facing a tahlateitl at a comfortable height. The

bottle in use was placed on the top of a forceepRiver Lake Weighing Systems,
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Model RL 1010, 3 KG scale). A towel was placed urttle force plate to damp building
vibrations in the lift force rate signal. A board£entimeters in height covered in white
paper was placed beside the force plate on the.t&hke board was moved to the right or
the left of the force plate based on the hand tihgest used for the experiment. A black
poster board was placed behind the force platéattte set up to focus the subject’s
attention exclusively on the bottle.
Subject screening

All subjects were screened on their capacity twseat and sign the consent form
to rule out undiagnosed dementia. The Animal Flyérest was used to assess their
current cognitive level (20). Additionally all s@ats were screened for undiagnosed
neuropathy in the dominant hand using the Ryddfeéejraduated tuning fork (17).The
tuning fork is used to detect any nervous ailmafingéd as polyneuropathies. These
ailments manifest in the form of decreased serisitio vibrations. The tuning fork
features triangles on the dampers with a scale 6dmn8. The tynes are set in motion by
squeezing the tynes together between the thuminded finger and released in a
snapping motion. This creates an illusion of twartgles on each damper. As vibrations
diminish the intersection of the two triangles m®up the scale. The base of the fork
was placed on the dorsum of the index finger dighalange joint on the dominant hand.
The subject was instructed to indicate when thelponger sensed the vibrations and the
reviewer noted which number the intersection ofvilbeating triangles was out to award
the subject their score. The acceptable valuethoupper extremity were: less than or

equal to 40 years was a score of 6.5 or higherf@naiges 41 to 85 a score of 6.0 or
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higher (17). The old subjects had an average sfd@e3 and the young had an average of
7.2.
Experimental one protocol

Figure 2-1 shows the experimental setup the stsdgcountered. All subjects
participated in a single session using their sglerted preferred hand. In the first
experiment subjects were seated in a chair witlitsiebottle placed on the force plate
on a table at a comfortable height in front of théntarge black posterboard was placed
on the table behind the force plate and bottlenBuee subjects were looking only at the
bottle. Subjects were instructed to grasp the datith their full hand, lift it off the force
plate at a self-selected pace, and place it obdled. Subjects performed each lift under
the direction of the investigator. After placirgetbottle subjects looked away to the wall
to allow the investigator to place the bottle baokthe force plate. The order of bottles
was the same for all subjects: the 605 gram bottiesllifted first, the second bottle
presented was the 220 gram and the third bottiedi lwas the 390 gram. The first bottle
was lifted twenty times and the next two were dffdteen times each for a total of fifty
lifts. The investigator changed the bottles beliiblack poster board while the subject
was looking away to the far wall. After completitig fifty lifts the subject was asked to
be seated in the laboratory lobby for fifteen masut

Experiment two protocol

Upon their return to the laboratory they began @rpent two in which they lifted
the fourth bottle, weight 480 grams, fifteen timagain looking away after each lift to
allow the investigator to place the bottle backlusforce plate. The fourth bottle was

located on the force plate when the subject entidvedhb.
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Data analysis

Lift force data was sampled at 1000 samples pamskaising a 16 bit A/D
convertor (Datapac 2K2 version 3.10 RUN Technoleg\ission Viejo, California). The
first derivative of the force plate signal was take get the load force rate. Load force
onset was determined to be the force level thatinesa above the floor noise of the
signal for at least 100 msec, this assured it Wagitst programmed pulse. The first peak
that did not exceed 100 msec from the onset wasethas the peak of the programmed
lift force rate. The onset and offset were alseceld based on the force signal; ensuring
the onset was after the weight of the bottle wasdoeeleased from the force plate but the
offset was located prior to actual liftoff of thethle from the force plate. The onset and
offset markers can be seen in figures 2-2 and 2-3.

Criteria were established to address differenntifstrategies that may be used by
subjects when presented with the bottles. Subyelatsdemonstrated a single lift force
rate were said to be using a predictive strateggrget strategy. A second group that
featured several small pulses of lift force rata thuilt up to eventual liftoff of the object
were said to be using a probing strategy. Probiag defined as the presence of more
than two pulses in within100 msec that continuesh¢oease in lift force rate. The target
strategy was defined as a single lift force ratgkgbat may be followed by smaller
pulses or no pulses at all. Figure 2-2 demonstea@sbing strategy and figure 2-3
demonstrates a target strategy.

Statistical analysis
First and last lift data were entered into repeateasures ANOVA to determine

the effects of Group (old, young) as a betweenesailfactor, and Size (large, small,
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medium) and Time (first lift, last lift) for expenient one as within-subject factors. This
was done using the load force rate for the iniiiehnd the last lift with each of the three
bottles in the first experiment. Observations waezle to confirm no Group X Size
interaction in the young and to discover if onesexin the old.

Group, Time and Size effects were tested withntleelium bottle of experiment
one and the bottle in experiment two. This wagdooted to observe a significant main
effect of the subtle size change between the mebuftie in the first experiment and the
slightly larger bottle in the second experimento@r (old, young) and Time (first lift,
last lift) effects were tested in experiment twangsepeated-measures ANOVA with the
first and last lift data.

Dependent T-test were done in addition to the AMQ¥Ssts to determine any
significant main effect of age and the forces pomtlwith the medium bottle of the first
experiment. All statistical analyses were perforrasithg the Statistica program (version
7.1, StatSoft Inc., Tulsa OK). All values in thgures and text represent group means + 1

standard error.
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Experiment One

BOTTLE WEIGHT (g) HEIGHT (cm) | CIRCUMFERENCE (cm)
Large 605 13.5 23.0
Small 220 8.7 16.2
Medium 390 10.9 19.2
Experiment Two
Medium-Large | 480 | 12.7 20.6

Table 2-1. Weight, height, and circumference messents for all bottles used in
experiment on and in experiment two. Weight is meag grams and the height and
circumference are measured in centimeters.
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Figure 2-1.Experiment setup with the bottle locatadhe force plate with the
posterboard behind. The board is moved to the ogheft of the force plate based on the
dominant hand of the subject.
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Figure 2-2.Probing strategy in the lift force ratean elderly subject. The lift force signal
is also displayed to verify when the bottle wasigainloaded from the force plate as
well as when it was completely removed from thaglArrows indicate the points used

as onset and offset markers.
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Figure 2-3.Single peak example of lift force rat@iyoung subject. The lift force data is
also displayed to verify the moment the bottle Wwaimg unloaded from the force plate as
well as when the bottle was fully removed. Arrovesrbnstrate the points used to

determined onset and offset values.
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CHAPTER 1l
RESULTS
Lifting strategy

Consistent with Gordon’s work subjects utilizedtdifferent lifting strategies
when faced with the novel object (11). Three eldarid three young subjects were found
to utilize a ‘probing’ strategy throughout this expnent. A probing strategy is a buildup
of several small load force rate pulses until thgat is lifted from the force plate, figure
2-2 demonstrates a probing strategy in an eldethyest. This strategy does not
demonstrate predictive force scaling; it is a neacstrategy in which the subject builds
force up until the object moves. Examination ofsegutive lifts of these subjects
revealed they maintained the probing strategy tjinout the duration of both
experiments. As a consequence of two strategies)lusied results were analyzed with
and without the probing subjects’ respective datalfl tests. This strategy does not
indicate any impairment. It merely indicates aeahéntial approach to lifting novel
objects. The remainder of subjects used predisivating, a target strategy, featuring a
single peak load force rate (11). Figure 2-3 denrates a single peak lift force rate in a
young subject.

Experiment one

Lift force rates were the primary focus of the daalysis with emphasis on the
first and last lifts of each bottle. Figures 3-H&hi2 depict the lift force rates in the first
experiment with those utilizing a probing strateygluded from figure 3-1. Age effect

for experiment one trended towards being signitieeith a p value of .137 (p=.137).
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Both old and young subjects appeared to scale pleeik lift force rate based on
the visual appearance of the bottle. The repeateasures ANOVA for the lift force rate
data (see Methods) revealed a significant maircefte object size in experiment one for
both young and old adults. This effects were sigaiit for data both with (p=.00009)
and without (p=.014) the probing subjects’ datduded. There was no significant
(Group x Size) interaction effect. The first lifithvthe large bottle was the first lift
overall and provided information on the densityid# bottles to the subjects. Figures 3-3
and 3-4 demonstrate the same results but orgabesetl on bottle size, again focusing
on the first and last lifts. It is clear that bgttung and old subjects were scaling their
forces to the size of the bottle. This is evidgnth® appropriate lift force rates in the
initial lift aligning with the size of the bottle.

Transitions in bottle size demonstrate the acquodscaling by all subjects.
Figures 3-5 and 3-6 show accurate lift force rajestments from the large bottle to the
small bottle by both old and young. The size effeas significant for this transition
(p=.003 with probers, p=.026 without probers). Tikigrdicative of the programming of
new lift force rates rather than a reproductiotheflift force rate used in the previous
lift. This phenomenon is demonstrated again intthesition from the small bottle to the
medium bottle, depicted in Figures 3-7 and 3-8. Sike effect again reached
significance for this transition (p=.003 with prebegp=.039 without probers).

While it was demonstrated that the old do scale tifieng forces to bottle size
they may not be doing so as accurately as youngasbIin Figures 3-9 and 3-10 it is
clear that young subjects accurately scale thetefoon the initial lift of the medium

bottle in the first experiment and maintain thatéby the last lift. Old subjects
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presented a similar lift force rate on the firfitdind by the last lift have increased to a
level not quite statistically significant but whiatay signal a trend that bears further
consideration (dependent t-test, p=.21).
Experiment two

A reverse in scaling takes place in the transitiom experiment one to
experiment two; see figures 3-11 and 3-12. In drpant two subjects encounter a bottle
slightly larger than the last bottle in experimene. The difference is visually undetected
by healthy young in previous experiments (2). Tlitamd young approached the bottle
differently; see Figure 3-13 and 3-14. The old presd a lift force rate less than that of
the young at the initial lift in experiment two. &lyoung increased their lift force rates
from the previous lift in experiment one on thdialilift in experiment two. The Size x
Age effect trended towards significance (p=.11&witobers, p=.081 without probers)
when the last lift of the medium bottle and thstfirft of experiment two were compared.

Experiment two did not display this main effectsafe. The aim of experiment
two was to observe if old adults are able to stisubtle changes in size with the
previous lift being several minutes before. Thengacaled their forces high on the
initial lift and decreased by the final lift. Th&lerly subjects presented just the opposite
by implanting a small lift force rate on the initidt and increasing it by the final lift
(Time x Age effect, p=.224 with probers and p=.8Wthout probers). The young would
go on to decrease their lift force rate by thelflifain experiment two, see figures 3-15
and 3-16, while the old would increase their kiftde rate by the final lift. Subjects that

utilized a probing strategy in experiment contint@do so in experiment two.
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Lift Force Rate Means: Lift
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Figure 3-1.Graphical depictions of the lift forage for experiment one. The data does
not include subjects that displayed a probing egpat

www.manharaa.com




24

Lift Force Rate Means: Lift
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Experiment One
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Figure 3-2. Graphical depictions of the lift fonzge for experiment one. The data does
include subjects that displayed a probing strategy.
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Lift Force Rate Means: Size
First and Last Lifts
Experiment One
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Figure 3-3.Graphical depictions of the lift forade for experiment one based on the
bottle size. The data does not include subjectsdisplayed a probing strategy.
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Lift Force Rate Means: Size
First and Last Lifts
Experiment One
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Figure 3-4. Graphical depictions of the lift fonage for experiment one based on the
bottle size. The data does include subjects tispialyed a probing strategy.

www.manharaa.com




27

Lift Force Rate Means
Large Size to Small Size
Experiment One
Probers Excluded
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Figure 3-5.Graphical depictions of the lift forade for experiment one from the last lift
of the large bottle to the first lift of the smalbttle. The data does not include subjects
that displayed a probing strategy.
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Lift Force Rate Means
Large Size to Small Size
Experiment One
Probers Included
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Figure 3-6.Graphical depictions of the lift forade for experiment one featuring the last
lift of the large bottle and the first lift of themall bottle. The data does include subjects
that displayed a probing strategy.
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Lift Force Rate Means
Small Size to Medium Size
Experiment One
Probers Excluded
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Figure 3-7.Graphical depictions of the lift forade for experiment one featuring the last
lift of the small bottle and the first lift of thmedium bottle. The data does not include
subjects that displayed a probing strategy.

www.manharaa.com




30

Lift Force Rate Means
Small Size to Medium Size
Experiment One
Probers Included
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Figure 3-8.Graphical depictions of the lift forade for experiment one featuring the last
lift of the small bottle and the first lift of thmedium bottle. The data does include
subjects that displayed a probing strategy.
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Lift Force Rate Means
Medium Size
Experiment One
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[N
0]

=
()]

[EEY
SN

[EEN
N

(=Y
o

Lift Force Rate (N/sec)

= Old
0 —I- Young
Medium First Lift Medium Last Lift

Figure 3-9.Graphical depictions of the lift forade for experiment one for the medium
bottle first and last lift. The data does not imtEsubjects that displayed a probing
strategy.

www.manharaa.com




32

Lift Force Rate Means
Medium Size
Experiment One
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Figure 3-10.Graphical depictions of the lift forage for experiment one for the medium
bottle first and last lift. The data does includéjects that displayed a probing strategy.
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Lift Force Rate Means
Medium of First Experiment to Second Experiment
Experiment One to Experiment Two
Probers Excluded
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Figure 3-11.Graphical depictions of the lift forege for experiment one to experiment
two. The graph features the last lift of the medhmwttle in the first experiment and the
first lift of the slightly larger bottle in the sewd experiment. The data does not include
subjects that displayed a probing strategy.
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Lift Force Rate Means
Experiment 1 Medium to Experiment 2
Experiment One to Experiment Two
Probers Included
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Figure 3-12.Graphical depictions of the lift forege for experiment one to experiment
two. The graph features the last lift of the medhwttle in the first experiment and the
first lift of the slightly larger bottle in the sewed experiment. The data does include
subjects that displayed a probing strategy.
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Figure 3-13.Graphical depictions of the lift forege for experiment two. The graph
features the first and last lift. The data doesindude subjects that displayed a probing
strategy.
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Lift Force Rate Means
First and Last Lifts
Experiment Two
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Figure 3-14.Graphical depictions of the lift forege for experiment two. The graph
features the first and last lift. The data doesudie subjects that displayed a probing
strategy.
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Lift Force Rate Means
Medium of Experiment 1 to Experiment 2
Experiment One to Experiment Two
Probers Excluded
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Figure 3-15.Graphical depictions of the lift forege for experiment one to experiment
two. The graph features the last lift of the medhwttle in the first experiment and the
first and last lift of the slightly larger bottla the second experiment. The data does not
include subjects that displayed a probing strategy.
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Lift Force Rate Means
Medium of Experiment One to Experiment Two
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Figure 3-16.Graphical depictions of the lift forege for experiment one to experiment
two. The graph features the last lift of the medhwttle in the first experiment and the
first and last lift of the slightly larger bottla the second experiment. The data does
include subjects that displayed a probing strategy.
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CHAPTER IV
DISCUSSION
Overview
The purpose of this study was to investigate tteeigacy of older adults in
programming their lift force rates based on sizescon the initial lift with a novel object.
The study included both young and old subjects igadeg the same experimental
protocol. An additional purpose of the study waduplicate previous findings that
demonstrate the accuracy of young adults in prograg their lift force rates.
Main results found in the study were:
e Consistent with previous findings, subjects uttiz®th target and
probing strategies.
e A significant effect of size was observed in theiyg and old.
e Gordon’s work was replicated in that young aduttsuaately scale their
lift force rates for changes in visual size cues.
e Old subjects scaled their lift force rates basethersize of the object but
not to the accuracy of young adults.
Lifting strategies
This study replicated the findings of Gordon immimstrating two lifting
strategies. Both strategies were observed indhagy and in the old subjects. The
probing strategy (see Figure 2-2) presented witalldift force rate peaks building up to
the liftoff of the bottle from the force plate. Avslar step-wise increase in lift force rate
was programmed by these subjects for all novelatdjé\n examination of consecutive

lifts in both experiment one and experiment twoegded these subjects maintained use
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of the probing strategy. This strategy is a morgioas approach to lifting a novel
object, relying on feedback from the bottle beiftgd off the force plate as a signal to
stop increasing lift force rate. Because probirigseon feedback it is not a predictive
strategy for lifting; rather it is a strategy ofting to the object’s vertical motion. It
prevents the subject from creating larger than sesoy lift force rates that result in a
high acceleration of the object (11). The remairsnbjects presented the predictive,
target strategy for lifting the novel object. Thesbjects presented a single peak (see
Figure 2-3) lift force rate for lifting the objecthis strategy demonstrates a direct neural
representation of the object properties of weiglat density due to the scaling of accurate
lift force rates. The programmed forces are justugin to move the object against
gravity. These anticipatory forces are programmuaal po the initial lift of the object
which would provide sensory feedback of the obproperties of weight and density.
Size effect

A size effect was observed for all subjects, rélgmss of age. The effect was
pronounced and significant for those using a tastyetegy alone and for those utilizing a
probing strategy. This result demonstrates thdt poting and old are scaling their initial
lift force rate based on the visual size cues efdhject in front of them. Visual size cues
appear to dominate over sensorimotor memoriesaipthgramming of lifting forces
when transitioning between objects of constant itlebsit different volume. The first lift
of the large bottle was the first encounter ofdbgects for this subject. This lift created a
sensorimotor memory for density that the subjeasld/use for all lifts in both
experiments. The second hypothesis stating olddtsawill produce lift force rates

based on their previous lift was not supportedtdude significant effect of size in
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experiment one. No Group x Size effect was founctwvprovides additional support that
both groups exhibited scaling.

The size effect was pronounced for large sizesttimms, such as from the large
bottle to the small bottle (figures 3-5 and 3-6)d @dults were able to correctly scale
down their lift force rate to the small bottle afpgeviously lifting the large bottle. The
decrease in lift force rate in this transition wgasater for the old adult than it was for the
young adults. This exemplifies an overshoot ofdberease in lift force rate. By the final
lift of the small bottle the old subjects increadleelr lift force rates while the young
decreased their lift force rates from the initil |

This effect was maintained in the transition frdra small bottle to the medium
bottle (figures 3-7 and 3-8). Again old adults destoated an accurate increase in lift
force rates to lift the medium bottle. However, theé adults increased their lift force
rates by the final lift of the medium bottle by ngahree Newtons per second while the
young adults demonstrated a near constant lifefoate. The old may have increased
their lift force rates over the course of lifts wthe medium due to losing focus during
the trials or in an effort to prevent slips by @etsng an increased lift force rate. The
young appear to have adapted better to the subersrease of the medium bottle than
the old did.

Young adults

In accordance with the work of Cole and Gordos #tudy provided further
evidence that young adults accurately scale theing forces prior to the initial lift with
a novel object. On each initial lift with a new tetin the experiment young subjects

presented a unique lift force rate specified bydbhgct size in front of them. They did
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not merely reproduce the lift force rate from tlmeypous lift. Lift force rates were
programmed according to the visual size cues obHject, larger lift force rates for the
larger object and smaller lift force rates for #meall object. This supports the strong
association of visual size cues and programmaddiforces. A stronger association
would be observed if the bottles were varied mdtenowvhich would create more size
transitions. Sensorimotor memories were maintafoedensity between the objects but
visual size cues enabled the young to accuratalg skeir lift force rates on the initial
lift with each object (2, 10-12).

These results of accurate scaling were found yating subjects utilizing a full
hand grasp to lift the object from the force pl@&eevious literature focused on the lift
force rates produced when subjects utilized a pi@tigrip (9-13). Cole instructed
subjects to grasp and lift only the cap rather tin@whole bottle because of the size cues
associated with circumference (2). Allowing sulbgdo feel the circumference of the
medium bottle in experiment one may have addeddanique lift force rate produced in
experiment two, that is the haptic information suped the visual analysis that the bottle
was smaller than the previous bottle. The youndtadvere able to accurately scale up
their lift force rates to the weight of the newttein experiment two despite the size
difference not being visually salient between thedliam bottle in experiment one and
the bottle in experiment two.

Old adults

Old adults are in fact scaling their lift forcaga based on visual size cues. This

result was demonstrated by the lack of a signitiedfiect for age in all parts of the study,

however the effect of age was trending towardsifsagimt for the first experiment
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(p=.137). Old adults presented similar lift foreges as young adults as they transitioned
from one bottle size to the next. They did not retethe sensorimotor memory of the
previous object weight to program forces for thigahlift of the new object. These
results did not support the statement made ingbersl hypothesis of this study. They
did rely on sensorimotor memory for object denaityoss all objects in the study.
Despite scaling for object size old adults didsprd larger lift force rates for all
bottles by the final lift as compared to young &slul he initial lift of the small bottle in
experiment one without probers and the initialihfexperiment two were the only times
the old adults programmed lift force rates below ybung adults. In both cases the final
lift of the bottle featured higher lift force ratbg the old than by the young. It was
expected a higher lift force rate would be usedheninitial lift by the old so as to avoid
slips. The higher lift force rate on the last iifely be indicative of a loss of focus in the
experiment and a higher lift force rate being méill to compensate for the attention loss.
A higher lift force rate is correlated with a higtggip force, the force perpendicular
object motion. A higher grip force rate would beegsary to steady the object if it is
accelerated at a greater rate due to a highdotde rate. This finding aligns with finding
of Cole in which elderly subjects employ higherggréorces to prevent object slips (3).
The young subjects were able to utilize informagained about bottle size from
the initial grasp of the bottle prior to lifting Bpecifically they were able to deduce the
size difference in experiment two from the mediuottle in experiment one and add that
information to that already acquired from the vissiae analysis and increased their
programmed lift force rate for the increased cirtenence. Old adults did not

demonstrate this effect. Old adults scaled thiifdrce rates for a smaller bottle than the
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medium bottle. These programmed forces are in oppo®f the visual size cues and
haptic information obtained from grasping the largecumference. This result is the
only time in the study that the old adults dispthjising forces errors related to
sensorimotor memories of the previous object asdalisize cues of the current object.
Hypothesis one discussing the production of liftérates inconsistent with object size
in the old is supported by the results of experinten but is not supported by the results
in experiment one. This suggests the lift force mbduction based on size cues is
subject to the magnitude of the size change.

This error observed in the old subjects with tighs size change may correlate
with the work conducted by Cole and Rotella (20@2)hich old adults were unable to
scale their forces based on the arbitrary cue lofr ctm that experiment old subjects were
able to state the color and were aware of the aghangeight and friction but did not use
that information to scale their forces properly. (4)this study by visually analyzing the
bottle and grasping it in experiment two subjectseraware of the larger size of the
bottle, thus providing haptic information of theesiof the bottle to tie in with the visual
size cues. Despite this information old subjectglpced a lift force rate less than the
previous smaller bottle. This suggests a decreagsual sensitivity in the elderly. This
result may represent a breakdown in visual anatysssbreakdown in the motor
command after the visual information is processeal @ombination of both. The motor
command would be the accurate visual analysis sgraimmands to the muscles to be
used to produce the necessary forces to lift thectbrhis experiment does not allow for
that conclusion to be made as to which is resptedit either case this inability to

detect a small size changes or inability to progtlaenproper lift force rate for a subtle
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size change may contribute to the slowing assatiatth aging. Slowing would result
from large force variability and fatigue from utilng larger lift force rates. The use of
large lift force rates may cause decreased dexterit

Limitations

The small sample size in this study does not aftovall significant effects to be
observed that may be present in a larger studytfEnes we observed may reach
significant levels in experiments that feature m&ubjects. Additionally a larger sample
size may show different effects than those obseirvélis study.

The block trial approach limits our analysis o thitial lift after a size change to
one lift for each bottle. A pseudorandom preseotatif bottles would allow for more
transitions and more lifts to be analyzed.

Future work

This study opens the door for future studies imcvla pseudorandom
presentation of bottles is used to observe thetedfiesize transitions in the accuracy of
lift force rate programming in old adults. Thissisilar to the presentation used by
Gordon in his study of young adults (11). Additibabjects would allow for more
transitions to be analyzed and provide more insigfothow well old adults can scale to
subtle changes in size. The use of common objeatddrallow for a possible
comparison to be made with novel objects. Time tgseen lifts would dive further
into the results we observed in experiment two.

Further work needs to explore arbitrary visual aggmns as they relate to
different aspects of programming lift force rateshe old. This can include work with

changing densities, the size-weight illusion, ehanging center of mass.
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Conclusion

Old and young adults are able to accurately st&le lift force rate based on
visual size cues of a novel object. This resulipsuis previous literature of the accuracy
of scaling in young adults and provides new insigtd lift force rate scaling by old
adults. Despite scaling for the visual size cueshwious size transitions old adults
display error in subtle size changes despite theaviand haptic information received
prior to lifting the object. A loss of using visuahd haptic information in the old to
produce accurate lift force rates for subtle siz&nges may imply a decrease in the use
of visual size cues and haptic size informationdigject manipulation. It appears old

adults have decreased visual sensitivity to sizemghs that are not visually salient.
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