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Low-vision performance tended to decrease with lower acuity. Significant main effects of
Experimental design: 3 experiments: A large, windowless, 33.25 x viewing distance and target type. Low-vision and comparison groups performed better at the
18.58ft basement classroom was used. A uniform gray sidewalk (1,3 shorter distances (5 and 10ft) , but both did not show significant difference in performance
X7,5m) was built. 5 possible targets: single step up or down (7-inch Acuity. Taraet recoanition. Distance between 5 and 10ft. A step up was more recognizable than a step down for both groups
heigh), ramp up or down (7-inch change of height over 8ft), and flat y, 1arg 9 ’ perhaps because of the high contrast between the top of the step and the riser. The most
surface. Target: A 4x8ft, 2-inch-thick regular panel of expanded important recognition biases happened when the subject viewed the ramp down target and
polystyrene, painted gray. confused it with a flat surface or when he viewed the ramp up target and confused it for flat
Bochsler. T. M.. Leqge. G.E.. Gage. R Assess the impact of viewing conditions and As of 2004, there where about 3.3 million Americans over the age of [n =16 (mean age 49) with heterogeneous forms of low vision surface.
°fy - M 2098, 5.5, 15898, 1., environmental factors on the recognition of ramps and |40 years with impaired vision, with the number expected to increase |(from moderate to severe, being 20/200 to 20/2000) (for - . . ) . . L Locomotion and viewing distance strongly influence performance, while
& Kallie, C.S. (2013). Recognition of . . . : - L . . : . . . . _ . . #1 Target/background contrast and viewing distance: subjects viewed . . . The study is not representative of the population since o )
\ Minneapolis, MN, Visually steps by people with low vision and determine if results [to 5.7 million by 2020. Visual impairment is a risk factor for both falls |experiment #3 n = 13). Exclusion criteria: being 260 years old . Descriptive analysis (percentage of correct responses), confusion . . . . . . background contrast and lighting arrangement have weaker effects. Since
Ramp and steps ramps and steps by people with low . . . . . . . . L . . . the gray targets against a gray (contrast = 0,25) or black (contrast = 0,82) I . . . Both groups performed better with far-window lighting than with overhead or near-window it excluded elderly people, a target group that . o - - . 43
- s United States impaired from previous studies of normally sighted subjects, and fractures in the elderly. Obstacles on the ground or (participants are asked to climb a 16-inch step). Comparison ) I . Lighting, Target recognition matrices, ANOVAs and t-tests to compare experimental groups L o - . . o ; ramps are less recognizable, it is important to provide additional visual and
vision. Investigative Ophthalmology and . . . . . RO . o background with standard overhead room lighting on 3 distances (5, 10, lighting. This difference was only significant for the comparison group. commonly experiences vision impairments. A . "
. ) wearing acuity-reducing goggles, would generalize to  [discontinuities in the ground plane, such as steps, pose hazards for [group: n = 48 normally sighted individuals (mean age of 22) . tactile clues to support their recognition.
Visual Science. 54 (1): 288-294. - : . k ) . . and 20 ft). 4 trials were performed.
low vision. people with low vision. wearing blurring goggles (effective acuity to 20/135 or 20/900).
#2 Lighting arrangement: 2 different lighting arrangements - a light box
simulated a window to the near left or far left. 40 trials (2 windows x 5 Performance in walking and stationary conditions showed that low-vision subjects recognized
targets x 4 trials/target) at a distance of 10ft were performed. Walking or stationary condition, Target ramps and steps more accurately on locomotion trials (81% correct) than in stationary trials
3L — - Fotat ion decision 107 f recognition (68% correct). Similarly, goggle-wearing subjects with normal vision performed better after
ocomotlon: comparison of sta |onar'y'(recogn| ion decision rom walking (74%) than in the stationary condition (52%).
target) and walking (starting at 20ft) conditions for recognition
performance.
Experimental design with mixed methods: Questionnaire and MVC was . .
. o) il Name, sex, age, height, weight,
measured. Set up: 2 ramps of 3 and 6m length and 12 and 10% incline P . .
. . : . classification of spinal lesion and
respectively had been assembled in the gymnasium of Santa Lucia . : -
Center diagnosis of neuromuscular deficit,
- information related to self-sufficiency
Identify the most propitious relationship length/grade to Questionnaire: information related to self-sufficiency outside home  [outside home (SSOH) (drives car, . .
. . . . . . . . o . . o o Ramp length/grade relationships: 1) When we have no reasons to force the
Mobility be adopted in ramp construction for wheelchair (SSOH) and active sport experience (ASE) performs shopping duties, travels) and . . . L . . ~80% of the subjects were able to climb ramps of 8% grade for a 3m length and 7% grade for a - . . o .
- . . . o . . . . . - . A mathematical simulation of kinetics and kinematics of WDI ramp o . L g incline of ramps, a wise solution could be represented by an 8% ramp. This
Canale, |., Felici, F., Marchetti, M., & impaired, dependent individuals. 1) Measurement of maximal The quality of life of WDI is dependent upon a number of factors. . L . . . . . . active sport experience (ASE) (kind of ) . i 6m length. 80% of the subjects who were active in sports were able to ascend ramp inclines of - . . N .
. . . . . : e . . n = 140 (86 males, 54 females). Exclusion criteria: subjects Questionnaire (during the research familiarization period) . . |ascent was incorporated into a computer program to illustrate the o . ; o . - incline, which poses no practical limitations in terms of ramp length, can be
Ricci, B. (1991). Ramp length/grade . wheelchair |voluntary isometric contraction (MVC), 2) Correlation of [One of the most frequent difficulty is represented by gradients, thus : n L ) sport(s) engaged in on a regular basis, . . o L . 15%, slightly more than double the achievements of the 80% of subjects. There are negligible . L . .
o \ Lazio, ltaly e . . . L ’ unable to attain the minimum force application levels in 21 of the : o relationship between ramp/length traversability and individual maximal ) ! . o easily traversed by the majority of WDI population. 2) When we are faced with 39
prescriptions for wheelchair dependent dependent |MVC with significant parameters such as age, sex of  [the necessity to provide WDI with facilities that can help them in . . . either currently or within the past 6 . ) ) differences in force attained by WDI with different placement of the hands on the wheel hand- . . . . ) )
L . NN . e o . . . . 3 basic, pre-selected, wheel rim positions. voluntary isometric contraction (MVC) exerted by WDI on both wheel . public buildings that can not be easily altered in their structure, a maximum
individuals. Paraplegia. 29: 479-485. individuals |subjects, etc., 3) Verification of prescriptions using a managing such architectural barriers. months). . rim. Not all the WDI who attempted to traverse, and subsequently successfully completed the . o o o
o - rims. . . ramp incline of 15% for a ramp length of 1 m, 12% for 3m and 10% for 6m
(WDI) specified length/incline test ramp to be traversed by a task, pertained to the ASE group, although they pertained to the SSOH group as well.
i . . . ramp length can be allowed.
consistent number of WDI. Measurement of MVC (wheelchair blocked to a wall with a chain). 3
different positions of the hands on the wheel rim were investigated: a) Measurement of MVC: piezoelectric force transducer measuring the |Maximum voluntary force (MVC), Mass
grasp at the top of the wheel (90° from the floor surface), b) 30° forward propulsive component of the force exerted by the subject on the wheel |of the person, Mass of the wheelchair,
with respect to the vertical, c) 30° rear with respect to the vertical (most rim Length of the ramp, Incline of the ramp
frequently used in initial phase of ascent).
Quite the same modality of pushing was observed in each of the 5 male subjects tested.
Experimental design. Set up: Adjustable grade ramp (6-m long and 1,50-|Accelerometer (placed horizontally on the midpoint of the wheelchair |CG kinematics. Maximum voluntary Irrespective of ramp grade, each subject consistently used the same amount of force which
m wide). axle) force (MVC) and velocity varied between 75 and 85% of MVC. When grade was augmented, the mean speed of
progression and the time interval between pushings decreased.
95% MVC could be maintained for no more than 3 to 4 pushing cycles. Cycles of pushed at
85% of MVC, interspersed by 1s intervals, were maintained for a period longer than 10s. When
At regularly timed intervals, planar co-ordinates of the center of the wheel Television svstem Kinematics measurements. the percentage of MVC was reduced to 75%, 60s of exercise was comfortably performed. The
were digitized (markers on the wrist, elbow and shoulder, overall posture). y Displacement amount of MVC to be employed was selected as a function of the length of the ramp to be
traversed and of the time allowed. 95% MVC was chosen for 1m length ramp; 85% MVC for 3m
ramp and 75% for 6 to 1m ramp.
The time course of pushing force was assumed to consist on three phases. During T1, force
The typical ti f the f li th ject on the wheel . . . i i i i i i
Obtain a single, objective criterion, based on easily- he typical time course of the force app ied by the subject on the whee Dynamometer Pushing force time history was linearly |pcreased from 0 until a pushing forcg threshpld value (Fpt), with a time c?onstant of
. . ) . rim was calculated. 2 Fpt/s. During T2, constant force (Fpt) was applied until the wheel completed a radian
obtainable and reliable measurements, which permits . . . L . . . .
Mobility the orediction of allowable limits of lenath and arade for A mathematical simulation of kinetics and kinematics of WDI ramp rotation. During T3, force was null because of the backward movement of the hands to the
Cappozzo, A., Felici, F., Figura, F., . . P 9 grac Ramps are commonly used to provide opportunities for WDI to _ . ascent was incorporated into a computer program. Mathematical model. |initial position, it was fixed at 0,4s (duration measured for this movement during fast ascent). In order to exploit the possibility of the prediction model [ The incline traversability is shown as a function of pushing force divided by the
; o impaired, ramps that can be adopted for any special categories of ) . n = 12 WDI who all had become paraplegic as a consequence of , . . . . L . : . . . .
Marchetti, M., & Ricci, B. (1991). . . e . |overcome differences between grade levels. Yet, the limits of . X . . . The inputs were the MVC plus the mass of the subject + wheelchair. The for architectural designers, further inquiry must be weight of the subject and the wheelchair. According with this statement, the
- o . wheelchair |wheelchair dependent individuals (WDI). Hypothesis: ... . . |traumatic events. (5 were selected as being representative of Pulling the chair and the WDI at level grade, on standard pavement, very - L . . - . . . ) . . o . . .
Prediction of ramp traversability for Lazio, Italy . . allowable grades have not been based upon stated scientific criteria. | . . ) o . . . . . - Friction force (estimation) output was length and grade of the ramp which the subject could be The friction force of the rotating wheel was considered negligible (1-2 N). planned in which a subpopulation, statistically MVC must exceed the required pushing force by a percentage which depends 39
. o dependent [the maximum voluntary force (MVC) that a subject can o L e . different levels of spinal lesions for kinetic and kinematic slowly at constant velocity with a rope instrumented with a dynamometer. . . . . . . . o o
wheelchair dependent individuals. A . . L . This is reflected in widely differing standards among various expected to traverse. Forces considered: pushing force exerted by the representative of the different categories of WDI, shall |on the ramp length. For 1m this percentage must be at least 5%, for 3m 18%,
. ] individuals |exert in pushing a wheel rim is the most important . measurements) - —— - ) . ) : e . . o
Paraplegia. 29: 470-478. . - \ countries. Each subject, sitting in his own wheelchair, was placed on a force plate. subject on the wheel rim, the inertia force and the gravitational force, and be submitted to a simple MVC test. and for 6 to 10m 33%.
(WDI) determinant of the limits of possible ascent. MVC can . Do ) . .. . L
. . Subjects maintained a fixed position (rigid body analysis). For each o . the friction on the front and rear wheel.
be assumed to be a sufficient predictor of WDI ascent s . Force plate Centre of gravity identification
capacity. position assumed, a photograph was taken and the ground reaction forces
were recorded.
The wheelchair was secured to a wall through a chain arrangement in
which a piezoelectric force transducer was incorporated. Subjects were
|nst.ructed to exgnj their MVC pushing on both whee! rims smultanegusly. Piezoelectric force transducer MVC measurement
3 different positions of the hands on the wheel rim were investigated:
a) grasp at the top of the wheel (0°), b) 30° forward with respect to the
wheel center, c) 30° rear with respect to the wheel center.
Sequence of weight liftings. The weight was suspended over a polly and
connected to the wheelchair. The weight was chosen to provide resistance Dynamic test (weight lifting) Resistance to fatique
equal to 95, 85 and 75% of the WDI maximal isometric force and the test y 9 9 9
duration was determined by the subject's inability to continue the exercise.
o, i i i i i . o,
Experimental design with mixed methods. Set up: A portable ramp 70% of subjects"con5|d§re'3d ramp ascent to be Tore .challengllng during the0 winter; 55 ./o rated
(Add-A-Ramp) was modified to allow efficient slopes of 1:10, 1:12 and ramp ascent as "more difficult than level ground" during the winter, and 27% declared it was
. K o L . very difficult and that they could not do it; 64% are concerned with ramp descent and 18% were
1:16 (skid-resistant surface, 6,1 x 1m incline, 1,5 x 1, m landing, built-in 5- . . . - . . . . .
. . . . . . . . . Activity level (diagnosis, grasp ability, unable to independently descent ramps during the winter. Aimost half the subjects sometimes . . . - . .
cm curb). Handrails were set to 1 m height. The study was performed in a |Questionnaire: evaluate past experiences with wheelchair propulsion . . . : ; . o . g - Future research is needed on the relation between Important factors concerning handrails include allowing unobstructed grip
. . . . upper-extremity/torso strength and required assistance for ramp ascent during winter, with 18% sometimes requiring assistance . . " . . .
controlled laboratory (National Research Council, Centre for Surface in the winter. . o - ano . - ; . wheel size and success in snow conditions. throughout the ramp length and ensuring railings are free of snow and ice.
. L . . - L range of motion, and sitting balance) also for descent; 80% reported using handrails as a strategy for winter ramp navigation, the
Transportation Technology, Climatic Engineering and Testing Division) - ) - . . .
o o I remaining strategies were minimally used (covered ramp, lift, heated ramp, slip-resistant
that could produce snow and maintain specific temperature conditions. . . . L
Temperature during experiments: -9°C surface). 5 most challenging barriers: snow and ice conditions as a general concern. The lack
P 9 exp ' ’ of handrails was reported as a barrier by 60% of the subjects.
Ascent in snow at 1:10 was significantly more difficult than all other conditions and a descent
on ice at 1:16 was significantly easier than all other conditions. Snow conditions at the 1:16 . . o
9 y L . ) The 1:16 ramp grade is recommended to allow broad, independent accessibility
' o . N grade had the least amount of significant differences. 7 strategies were used for ramp by wheelchair users. Althouah sufficient evidence was not obtained to
Winter represents the most difficult season for people with mobility ) _ . _ navigation: using standard propulsion (most used in snow), using both handrails, putting one rgcommend the removal of ?_10 ramps grades from exterior building standards
. The qualitative and related research on winter deficits. [...] guidelines and standards for buildings are predominantly [n = 11 manual wheelchair users who typlcally self-propgl in S| 1410. 112, 1:1 hand on the handrail and the other on the opposite wheel, coasting (wheelchair rolls down the o : amps s from exterior )
Lemaire, E. D., O'Neill, P.A., o ) . . based on "dry-land" studies. Many people with disabilities and elderly |winter (7 men, 4 women, average duration of wheelchair-use: ope (1:10, 1:12, 1:16) ithout th i din ice-arit). wheelie with th hi th snow accumulation on ramps at the 1:10 grade will render the ramp
. M0b|||ty wheelchair propu|s|on does not pro\”de adequate i X . L R . . ramp withou € user propelling, very usea In ice-gri ), wheelie wi e user pushning on the . ible f h Ichai ho d th t | ist
Desrosiers, M.M., & Robertson, D.G. . . , . L . : . |people stay in their houses rather than risk driving their wheelchairs |23.5 + 18,2 years). They were recruted from Ottawa Hospital ; heelie whil ting d th d ding th backwards using both Inaccessible Tor many wheelchair users who do not have exiernal assistance.
. o : impaired, |information for decision making regarding ramps during ; . > : o o , . . . rims, wheelie while coasting down the ramp, and ascending the ramp backwards using bo Ramps grade conditions could be randomized to help control for leaning and
(2010). Wheelchair ramp navigation in | Ottawa, Ontario, . . . LT . outside when winter precipitation creates a potentially unsafe Rehabilitation Centre. Only 2 participants did not have a Wilcoxon signed-rank tests between ascent trials and separate tests for  |\andrails. Diff found bet trategies for the bott iddl dt ti Psg P 9
. o hi manual winter. This study provides insight into wheelchair . t Thi lead t il isolati d related liahtweight | wheelchair with th ter of ity close t d t trial andralls. Lirierences were found between strategies for the bottom, middle, and {op seclions fatigue effects. 47
Snow apd Ice-Glrl’F Conditions. Arc ives Canada wheelchair |navigation strategies for ramp ascent and descent environment. This can lead to social isolation an- relate . ightweight manual wheelchair wi e cerll er of gravity close to escent trials of the ramp. Raising the front wheels with a small wheelie maneuver becomes more difficult as
of Physical Medicine and Rehabilitation. . - psychosocial problems. For exterior entry, the 1:12 slope ramp is the |the rear. Exclusion criteria: other health issues such as recent the slope increases
users across ramp grades and snow-ice conditions for L S o . . . . p :
91: 1516-1523. . most frequently recommended guideline for building accessibility, history of ulcers, excessive shoulder inflammation, heart
manual wheelchair users. Ithough a 1:20 slope i idered most iate for all dition, self reported trolled autonomic dysreflexi
a " OLIJgh a 1:20 slope Is considered most appropriate for a condirtion, self reported uncontrofled autonomic dysreriexia. . . . o . . Ice-grit was declared easier because wheels don't dig into the snow layer. Snow condition:
wheelchair users. Subjects were asked to ascend and descend the ramp 3 times at each Observation: navigation strategies were assessed through motion Pulling on 2 handrails was a successful approach because this strategy moved the propulsive |Event tough the snow was manually tamped down after
ramp grade and at each winter condition (36 trials per subject). tracking (Vicon Nexus MX) and digital video. Winter condition: packed snow (3-cm- force from the wheel rims to the ramp structure, minimizing wheel slip effects. Subjects who each trial, the lowest ramp section was softer than the . . . . . R -
. . i . . . . . i B This is consistent with questionnaire feedback; subjects reported difficulty
deep). and packed snow with freezing required assistance were typically unable to free the front wheels and became stuck midway on |middle and top sections after the first subject's trials. e . -
- . . . 8 . . . . . . transitioning from level ground to an incline because of snow buildup at the
rain cover and traction grit (1,5-2 cm the ramps, mainly on the 1:10 grade. During descent, most people coasted using their hands Over a short period, the grit became embedded in the .
. . o S . . - . . o ; . bottom of the exterior ramps.
thick) on the rims or railings to control speed and direction. Ice-grit: Even with sufficient grit the more |ice, decreasing its effectiveness and thus required
active subjects frequently had wheel slip issues during ascent at the 1:10 and 1:12 slopes. replenishing periodically over the day.
No relation was found between from wheel size and success in snow conditions.
The average wheelchair speed ranged from 0.18 to 0.65m/s, with larger values for ramp
descent. A slower descent for the 1:10 ice-grit condition may be attributed to reduced
Ascent / descent confidence in the ability to control the wheelchair at the steeper grades or a learning effect Two handrails are recommended for exterior ramps, for both propulsion and
resulting in faster descent between 1:10, 1:12, and 1:16 trials. Subjective feedback indicated wheelchair extraction from snow obstacles.
that grit, or other friction-enhancing materials, is typically not applied sufficiently to exterior
ramps, making it inaccessible.
Experimental design with mixed methods: 2 baseline trials
(forward/return). Subjects were then asked to ascend and descend six Surface electrodes: to monitor pulse rate and oxygen saturation level . e . . . . .
. . . S . Little trouble, less difficulty in descent, incomplete trials only in manual wheelchair category
additional slopes (1:8, 1:10, 1:12, 1:14, 1:16, 1:20) in random order (collected with a Nellcor model N20, self-calibrating, portable pulse Total distance _ . _
C . : . o . . . (n=15) for the 3 steepest slopes and with cane users (n=2) for the 2 shallowest slopes.
(minimize impact of fatigue). Questionnaire on the participants' experience |oximeter)
using ramps with different slopes.
: - Lo o o . an. . _— ) . .
n=1r1 m60b|I|ty impaired |r;d|vgju:|136(411%5 3/ Z 2%”528555/"7 4 tSriEtI;Fo.vf(c)Jff?L?;jla:JrrgllzlrjnTnLarrr?giggr;:iﬁzng gt383 2X 1 150 Z’:; zicitr:zase:mh a Speed increases in ramp gradient had a proportionately similar effect on speed for all | . | ) s perf £ old heelchai Hicularl
women) ( agg groups (un gr 2 DT IR LTI, DU, SUR, over P 9 N T ) Video cameras Total time ambulatory and other subjects, it had a dramatic effect on speed of wheelchair users. This ncreasing slope |mpac's periormance or older w eect ,a'r users, pa . Icutarly
Ramp 75), 8 categories of mobility impairments (crutches or cane, above the ramp surface). The ramp was adjustable to 7 calibrated slopes effect was fairly equally evident across all slopes women. 1:12 slope at distances of 30 ft. may be too difficult for certain manual
Sanford, J.A., Story, M.F., & Jones, : - , : There is a lack of consensus among researchers regarding optimal  |walker, manual wheelchair, electric wheelchair, scooter, artificial |(level, 1:20, 1:16, 1:14, 1:12, 1:10 and 1:8). ] wheelchair users (elderly, woman). 1:12 might be too steep for longer, winding
; Determine whether existing technical requirements for . R - S - - —— —— s an
M.L. (1997) An analysis of the effects of . . . . . . ramp slope and length. Lack of comparable procedure, measures leg or foot, leg or foot braces, no aid/no activity limitation) from . . Only during 2% of trials did the individuals stopped to rest. No significant effect of slope on the . . ramps. Perhaps even older individuals could traverse ramps steeper than 1:12 if
. L North Carolina, Mobility ramps (1:12 maximum slope for a 6-inch rise) were N . . . o . g Location and duration of rest stops - . . i The ramps were located indoors, not subject to weather . . .
ramp slope on people with mobility United Stat . ired aoprooriate for people of all ages who use a variety of and samples makes it difficult to generalize recommendations from |The Center for Universal Design's Design Advisory Network Descriptive data and multiple regressions distance to rest stops. conditions such as rain or ice there were shorter distances between level landings. Wheelchair users may be 45
impairments. Assistive Technology: The nite ates 'mpaire mri)pbilif aids peop 9 y the research findings. Current ADA requirements for the design database, local disability support groups and advocacy groups Pulse rate Wheelchair users experienced the most significant shifts at each gradient. ’ more successful at ascending short ramps of steeper gradients than long ramps
Official Journal of RESNA. 9(1): 22-33. y ramps should be reevaluated. and rehabilitation facilities and agencies, different public facilities' o turation level The 30-ft long length didn't seem a strenuous task for all gradients, no statistical difference in of slopes 1:12 or less. The current 30-ft, 1:12-slope specification of the ADA
users, Raleigh newspaper's readers. Exclusion criteria: For . . . xygen saturation leve measures. standards is acceptable for a sample of people of different ages and using
. . . . . . . . Questionnaire: (before) Would you attempt to traverse that particular . . .
medical reasons, only subjects who were in good physical Methodology: 3 staff were present for each trial (spotter, videotaping, - ) ) o . ) . o o o different mobility devices.
. ) L incline unassisted in the course of everyday travel? (after) Rate the Mean difficulty ratings in ascent increased significantly within each mobility aid subgroup as
condition were permitted to participate. record data). . e . " . e
ramp difficulty. Difficulty levels/problems encountered, slope increased. Only 2 mobility subgroups (manual wheelchairs, walkers) had mean difficulty
type of assistance given, and subjective ratings above 5/10. In descent, the differences among subgroups were less evident. Many
ratings of trial difficulty (10-point subjects commented that they could not have traversed the ramp had it not been for their ability
graphic scale, registering expressions) to use handrails. Several subjects stated that they would not have attempted to traverse the
steeper gradients by themselves and only did so because the spotter was present.
All of the background information on participants and their ratings for
Participants either used their own wheelchairs or the manual wheelchair. $?]Zhstersetaccjc;r;$2?gavrae:"veeigtﬁ::g ;?atlcr)\ssfz:?:c?f:eaertjtjIr:ixl/\glr?;ct’zosfttaizgigl Cross Slope Effects on Ramp Judgment. Motorized wheelchair users were unable to judge Motorized wheelchair users were able to successfully negotiate all of the
They were told that they would be (1) going up and down the two ramps softwgre ackage (SPSS v15.0) for analysis. Responses to both the any significant differences in the cross slope of the ramps between 2% and 6% when the combinations of ramp slopes that were tested. They could not discriminate any
visible in the room 8 times throughout the day, (2) comparing the ramps to runnin sIFiJ o a%d cross slo e' uestionsywer-e alsg coded as binar running slope was 2%. Manual wheelchair users were able to reliably judge a difference in differences in cross slope between 2% and 6%, with a 2% ramp running slope;
each other for each trial and to focus on their perceptions and experience variablgtlas (i% correct or inch)Jrrgct answer), and these judgment va¥iables cross slopes when one ramp was set to 2% and the other to 6% (75% accuracy, p < 0.05), but nor any differences in running slope between 5% and 9%, with a 2% cross
on each of the ramp trials, and (3) answering questions about the cross e . - g 1ese Judg . they were unable to make such a distinction when a ramp with 2% cross slope was compared slope; nor could they judge cross slope differences ranging from 2% to 5%
n=79 people (47 male, 32 female) aged 13 to 77 years old. 37 . . were analyzed using the binomial test. Since participants could either . o . . o o
o) ’ : i slope and running slope of the ramps after traversing the ramps. to ramps with cross slope values < 6%. when the running slopes of the ramps were varied from 4% to 7%.
participants were full-time wheelchair users, 21 were part-time respond better than chance level or worse than chance level, all
users, and 21 participants without disabilities served as surrogate significance levels are two-tailed probability values at p < 0.05.
wheelchair users to represent people who might be new users
(e.g., resulting from an acute injury or recent iliness). 10 were RPE for the manual wheelchair users were analyzed using a repeated
paraplegic, 16 were quadriplegic, 6 had arthfitis, 4 were diabetic, measures analysis of variance for cross slopes at 2%, 4%. 5%, and 6%. |Cross Slope Effects on Ratings of Perceived Exertion. Mean RPE for all cross slopes
and 3 had a balance disorder. Of those who were mobility The experimental study was conducted in the first floor meeting hall of the the RPE data were collapsed for ramp, and the main effect of cross slope |ranged from very light to light effort required to negotiate the ramps. Ratings tended to be
impalred, the length of time participants had been a wheelchair Al BahrpShrine Center}iln San Dieao. The studv took place in angauditorium from 2% to 6% on mean RPE was tested slightly greater for the second top ramp, and ratings increased as ramp cross slope increased Manual wheelchair users reliably judged cross slope differences between ramps
user ranged from 4 months to 51 years. 26 of the participants that was 23.8 m lona by 19.7 m '?hé floor wai concfete covered with vinvl |0b . M | wheelchai ked to rate th Cross slope using a repeated measures analysis of variance. There was a significant |above 5%. There was a significant main effect of cross slope (F (1,36) = 9.570, p = 0.000) and when one was set at 2% and the other at 6% (75% accuracy, p < 0.05), but they
used motorized wheelchairs, and used 53 manual chairs. o g by 19.£:m. . ) y servation. Manual wheeichair USers were asked fo rate the main effect of cross slope (F(4,48) = 3.910, p = 0.008). Multiple pairwise |a marginally significant main effect of ramp (F (1,12) = 4.370, p = 0.059), but there was no were unable to detect differences with cross slope values < 6%. A majority of
composite tile. As the aluminum ramp was assembled, it was discovered |physical effort required to negotiate each of the 2 ramps in each test . N . R . . . o o o 0 o :
o . . . ) ) . comparison (Bonferroni adjustment) based on esti- significant interaction effect of ramp (bottom ramp or top ramp) and slope. Although it would them correctly discriminated between 5% vs. 8% and 5% vs. 9% running
that there was a slope to the floor of up to 1.2% and that this changed condition using the Borg ratings of perceived exertion (RPE) scale: . A o - . o o : : o o o ;
. o ) ) . . mated marginal means showed that mean RPE were significantly appear that the 2% slope should also be significantly different than the 5% and 6% slopes, slopes. However, they could not differentiate between 5% vs. 6% or 7% running
throughout the room. The consequent placement of wooden shims under |This is an ordinal scale with values from 6 to 20 and with revised diff t betwe6 | t 2% and 4% (o = 0.030) and inall . - ianif it iability of . \ |
the feet of the ramps leveled variations in the slope of the floor. scale values were converted back to the original values by adding five ifferent betwe6n cross slopes at 2% an o (p = 0. ) and marginally [there is no statistically significant difference due to greater variability of the participants slopes.
¢ h This i dinal le with val ; 6 to 20 and significantly different at cross slopes of 2% and 3% (p = responses for the higher cross slopes, hence the larger standard errors associated with their
O each score. This 1S an ordina’ scale with values from b fo 4 an 0.071), but they were not significantly different between 2% and 5% or 6% |test of mean differences.
with verbal anchors to standardize for comparisons across individuals or between any other cross slope comparisons
and-tasks. For ease of use with the target population, the original RPE '
scale values were changed from 6-t0-20 to 1-to-15. Participants used Although in th t stud | Id detect |
For the tests of cross slope, there were 43 participants (23 Two ramps formed an "L" shape, with platforms in the middle and atthe  |a wheelchair to ascend a -6 m aluminum modular ramp. Upon Effects of Cross Slope on Ratings ofAnticipated Problems With a Room-length Ramp. A diﬁe?ggcellet\?vgerissg asnl:j go;na:\/uean ;Jr?eerfis"/ccc):t:osszliceavggitsegr;i requirin
Pe, participants end to allow for 1800 and 3600 turning of the wheelchair. The ramp reaching a platform, they made a 90' turn to their left and ascended a majority of motorized wheelchair users indicated that they did not anticipate a problem with ; S > ; P quining
male, 20 female) aged 13 to 77 years old. 23 were full-time . d dul lumi hi latf h X . ) only light or very light effort to travel the length of the ramp. Furthermore,
. g assembly was accessed over a small threshold. The running slope and second -6 m modular aluminum ramp. Upon reaching a platform, they traversing a long ramp at any of the cross slopes tested. A majority of manual wheelchair users . . ; .
wheelchair users, 12 were part-time users, and 8 were not . . . . he chai " and then d d th . N - . . almost 2/3 of the manual wheelchair users said that they did not think they
) cross slope of each ramp were independently adjusted using a series of  |turned the chair around 360" and then descended the two ramps. likewise indicated they would not anticipate problems with traversing a long ramp when the ; i o ) 0
wheelchair users. . . ) would have any problems traveling a ramp with a 6% cross slope (with a 2%
wooden shims that were specially constructed. cross slope is <5%. : .
running slope) that was almost four times longer (78 ft.) than the test ramp.
Running Slope Effects on Ramp Judgment. The motorized wheelchair users were unable to
correctly judge the running slopes of any of the ramp combinations between a 5% and 9%
Buildings and public spaces often have to be modified to improve Participants used a wheelchair to ascend a -6 m aluminum modular ramp. running slope (all p-values > 0.05). When the ramp combination was 6% running slope for the
ease of access for mobility-impeded pedestrians and wheelchair Upon reaching a platform, they made a 90' turn to their left and ascended bottom ramp and 5% running slope for the top ramp, there was a significant effect (0% correct,
users by providing access ramps yvhenever there is a change in . For the tests of running slope, there were 27 partmmgnts (18 a second -6 m.modular alurrlunum ramp. Upon reaching a platform, they p <0.01)- part|0|pant§ were universally wrong in Ju.dglng which ramp was steeper. A majority of Participants expressed surprise at their inability to correctly detect differences in
level. Unable to use stairs, users in manual or motorized wheelchairs [male, 9 female) aged 14 to 76 years old. 10 were full-time turned the chair around 360" and then descended the 2 ramps. After the the manual wheelchair users was able to correctly judge the running slope of the ramps for two .
. ’ - . oo N N o N o cross slope. They also expressed surprise that the ramps were not level at any
often are able to propel themselves up and down a ramp. Ramps or |wheelchair users, 5 were part-time users, and 12 were not initial setup, the running and cross slope angles of both ramps were combinations: 5% vs. 8% (89% correct, p < 0.01) and 5% vs. 9% (100% correct, p < 0.01). . .
i . . . . . - . L . ; time during the study.
walkways are defined as any part of an accessible route with a wheelchair users. measured with electronic an level (61 cm, SmartLevel). To eliminate the Participants were significantly universally wrong on the 5% vs. 7% comparison (0% correct
Vredenburah. A.G.. Hedge. A running slope greater than 1:20 (30 cm in 6 m) or 5%. Further, these handrails providing visual cues at the end of the landings, patterned- when 7% slope at bottom ramp and 11% correct when 7% slope at top ramp, both p-values <
Zackcr;vitinl ;rg&,wéln.:sr "j lae’(zd’og) codes state that the least possible slope should be used for any tablecloths were hung over the rails. 0.01); both when 5% was at the bottom and 7% was at the top (Test 2) and when 5% was at
Evalua,rti.on”of wheelch,ai.r u.sers' ’ San Diedo To evaluate the degree to which manual and motorized |ramp, with the maximum slope set at 1:12 or 8.3%. If a ramp is too the top and the 7% at the bottom. At running slopes of 5% or 6%, no perceived differences
. . . . . 9 : Mobility wheelchair users could perceive differences in either  |steep, accessibility may be affected by the users' inability to propel a were reported.
perceived sidewalk and ramp slope: | California, United impaired the running slope or the cross slope after negotiating 2 |wheelchair up or down the ramp or by balance problems for mobility- 46
effort and accessibility. Journal of States

Architectural and Planning Research.
26(2), 145-158.

paired walkways/ramps.

impaired pedestrians. The FHA guidelines (1991) cite the ANSI
A117.1 standard that specifies several technical criteria for the slope
of a ramp or walkway: The running slope' of walk-ways shall not be
steeper than 1:20 (5%) (§4.3.7); The cross slope of walkways shall
not be steeper than 1:50 (2%) (§4.3.7); The running slope of ramps
shall not be steeper than 1:12 (8.33%) (§4.8.2); The cross slope of
ramps shall not be steeper than 1:50 (2%) (§4.8.6); All dimensions
are subject to conventional building tolerances for field conditions
(§3.2). (ANSI, 1986)

To investigate interactions of running slope and cross slope,
24 participants 4 (16 male, 8 female) aged 15 to 62 years old
were tested. 14 were full-time wheelchair users, 6 were part-time
users, and 4 were not wheelchair users.

To assess cross slope effects, the running slope of each ramp was held
constant at 2% and eight different cross slope combinations between 2%
and 6% were tested. To assess running slope effects, the cross slope of
each ramp was held constant at 2%, and eight different running slope
combinations between 5% and 9% were tested. To explore the interaction
of running slope and cross slope, 6 conditions were tested: cross slopes
were varied between 2% and 5%, and running slopes were varied between
4% and 7%. Two cross slope conditions were retested to increase the
number of participants.

Interview. The researchers orally asked participants the question,
"Comparing the two ramps, did you notice whether the two ramps

were the same steepness (running slope), the bottom ramp was

steeper, or the top ramp was steeper?”, "Was it a little steeper or a lot
steeper?”, "Was the difference in steepness enough to cause you any
difficulty?" The same questions were then asked comparing the ramps

far thair tilt (rrace clana) "\Waiild vnin hava a nrnhlam travalina tha

Running slope

RPE for the manual chair users were analyzed using a repeated
measures analysis of variance for running slopes 5% through 8% (9%
could not be tested between ramps because it was only used for the top
ramp). For this analysis, there was a significant main effect of ramp
running slope (F (3,51) = 8.840, p = 0.000) and a marginally significant
interaction of ramp and running slope (F (1,17) = 5.270, p = 0.061), but
there was no significant main effect of ramp (bottom ramp or top ramp).
Consequently, the RPE data were collapsed for ramp, and the main effect
of running slope from 5% to 9% on mean RPE was tested using a
repeated measures analysis of variance. There was a significant main
effect of running slope (F (4,68) =29.040, p = 0.000). Multiple pairwise
comparison (Bonferroni adjustment) based on estimated marginal means
showed the mean RPE ratings were significantly different between
running slopes at 5% and 6% (p = 0.005), 8% (p = 0.001), and 9% (p =
0.000), but not 7% (p > 0.050); at 6% and 9% (p = 0.001) but not 7% or
8% (p > 0.050); at 7% and 8% (p = 0.002) and 9% (p = 0.010); and at 8%
and 9% (p = 0.010). At 9%, exertion ratings ranged from hard to almost
extremely hard work.

Running Slope Effects on RPE. Most of the mean RPE for manual chair users for all running
slope values ranged from very light to light effort required to negotiate the ramps.

Running Slope on Ratings of Anticipated Problems With a Room-length Ramp. The
percentages of manual wheelchair users envisioning potential problems with traversing a long
ramp were greatest at running slopes of 8% or 9%, but this same effect was not seen for the

motorized wheelchair users.

When the cross slope was held constant at 2%, results showed that all of the
manual wheelchair users were able to judge a difference in the running slope
between a ramp at 5% and one at 8% or 9%, but not when it was at or less than
7%. Even at 7% they said the ramp required only very light effort.
Proportionally, more manual wheelchair users than motorized said that they
may have problems traveling a very long ramp when the running slope was 8%
or greater.

The results suggest that the running slopes need to be 8% or greater before any
difficulties begin to be detected with any consistency. The major increase in
participants RPE occurred at the 9% running slope.
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Agencies that provide services to people with disabilities were
contacted to help recruit participants. Participants were also
recruited through advertisements in local newspapers.
Participants needed to be able to transport themselves to and
from the study site in San Diego. All participants were consenting
volunteers. Parental permission was obtained for participants
who were children, and at least one parent was present for each
child.Participants were screened for suitability. They were told
that the study involved negotiating the two 6 m (20 ft.) ramps for
conditions that included up to a maximum 9% running slope for

eight trials during a day-long session.

After the participants completed each trial, they proceeded to 1 of 3
researchers questions to respond to about their ramp experience. The
match between interviewer and participant was constantly randomized
throughout the sessions to avoid any potential for interviewer bias. The
three researchers were seated throughout the room so that participants
could not hear each other's responses.

TUL LIUIE UL \UTUDO SIVUPU . VUL yUU TIOVG O PIUNIUTTT UGV UIITTY Y

length of this room on a slope like the top ramp (no, a little, or a lot) or
like the bottom ramp (no. a little, or a lot)?"

Rating of perceived exertion (difficulty
level expressed)

Running Slope and Cross Slope Effects on Ramp Judgments. Motorized wheelchair users
were unable to judge any differences in any of the cross slopes in the 2% to 5% range when the
running slopes ranged from 4% to 7% (all p-values > 0.05). Manual wheelchair users were
unable to judge a difference in cross slopes between 2% and 5% when the running slopes were
4%, 5%, or 6%; they were able to make this discrimination when the cross slope varied from
2% to 4% while the running slope of both ramps (bottom and top) was 7% (83% correct, p <
0.05).

Kind of wheelchair (motorized or
manual)

Analysis of variance was performed on the mean RPE values, and results
showed significant main effects of running slope (F (3,11) = 29.960, p =
0.032) and cross slope (F (2,11) = 38.490, p = 0.025) but no significant
interaction of these factors.

Running Slope and Cross Slope Effects on RPE. Most of the mean RPE for the running
slope and cross slope combinations ranged from very light to light effort required to negotiate
the ramps. Ratings at the 4% running slope were marginally significantly less than those for the
7% running slope (p= 0.089); Otherwise, no paired comparisons were statistically significant.
Ratings at the 2% cross slope were marginally significantly less than those for the 5% cross
slope (p = 0.055); otherwise, no paired comparisons were statistically significant.

Running Slope and Cross Slope on Ratings of Anticipated Probleins With a Room-length
Ramp. For both the motorized and manual wheelchair users, the greatest percentages of
anticipated problems occurred for ramps with a 7% running slope or a 5% cross slope.

Compared with a 5% running slope, manual wheelchair users rated their
perceived exertion as significantly higher for 6%, 8%, and 9% but not 7%. A 9%
running slope ramp was rated as hard to almost extremely hard work. Changes
in cross slope had much less of an effect on users than changes in running
slope. Results from the different combinations of cross slope and running slope
suggest that a 5% cross slope and 5% running slope would be acceptable, as
was noted by Kockelman, et al. (2001, 2002).

Current results did not support the cross slope and running slope limits required
by the FHA Guidelines (1991) and the ANSI A117.1 (1986) standard as absolute
limits. Perhaps the limit values prescribed in these documents aim at covering
other mobility-impaired people, such as those on crutches, as well as
wheelchair users.

The results of this study suggest that a reasonable design standard for a ramp
with a transit distance up to 20 ft. is to recommend a maximum cross slope of
5% when the running slope is 2% or less and a maximum running slope of 7%
when the cross slope is 2% or less.
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