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Abstract. Assessing the accessibility using 3D Virtual Reality and telecommu-
nication technology has influenced home adaptation to improve accessibility in 
homes for  individuals with disabilities, especially with Spinal Cord Injury. To 
provide clients with quantitative ideas on home adaptation with levels of acces-
sibility, we propose a tentative method of measuring accessibility in home. 
There are a number of assessment protocols to assist rehabilitation professionals 
and  architects in gaining wheelchair accessibility. In this paper, we briefly in-
troduce quantitative assessment method of wheelchair accessibility in home. 
The feasibility of mathematical expressions of the quantitative accessibility was 
discussed. 
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1   Introduction 

The  motivation of  quantitative approach in accessibility assessment is to provide 
rehabilitation professionals and architects with objective evidence for home adapta-
tion or renovation to improve wheelchair accessibility in home while rehabilitation 
professional and architects are located remotely by using tele- rehabilitation technolo-
gies. Quantitative measurement methods of wheelchair accessibility in home provide 
rehabilitation professionals, architectures, and wheelchair users with an opportunity to 
verify space for renovation in their homes and eventually give a clear idea on invest-
ment  and payment for enhancing accessibility for their Activities of Daily Living 
(ADL). 

In this paper, we briefly introduce mathematical rationales that have been used to 
measure accessibility, proposed mathematical expressions, measuring accessibility 
based on a few activities of daily living (ADL) in home with small number of human 
subjects are also discussed. 
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2   Mathematical Rationale 

Most of the evaluation items on the ‘Evaluation Form for Accessibility Assessment’ 
developed for conventional in-person assessment, require an answer of yes, no or not 
applicable. Architects and rehabilitation professionals depend on non-numerical ex-
pressions of accessibility assessment with a few activities of daily living (ADL). The 
motivation of quantitative approach stems from the needs of objective and reasonable 
facts of accessibility in home adaptation for individuals with mobility issues. 

Assessing accessibility has been a long term issue in most accessibility protocols 
because each model is either too simple that leaves things out or too complex for most 
individuals to follow  [1,  2]. After analyzing related numerical expressions of meas-
uring accessibility, a relevant numerical expression for a quantitative approach of 
wheelchair accessibility is proposed as: 

  
,
                      

(1)
 

where I is the starting locations and J is the destination locations. Equation (1) meas-
ures distance in meters and time in seconds. Routes refer to the number of reasonably 
available paths to get from one location to another. With this simple equation, the 
measurement is an easier and more straightforward method when compared to the 
other methods. Distance and time are two vital components when determining accessi-
bility, although the number of routes available to get from point A to point B should be 
considered critical as well. If there is more than one route from a starting location to a 
destination location, the distance and time values used need to be averages. The results 
of equation (1) are able to be applied to individuals in wheelchairs without further ad-
justments. A lower accessibility value means a greater accessibility gains. As equation 
(1) leaves a discrete number value, relative accessibility assists professionals to clearly 
understand its meaning of accessibility compared by regular division: 

Relative Accessibility (of A to B) = (AccessibilityA   / AccessibilityB) (2) 

3   Method 

A photo and a floor plan, shown in figure 1, of the building were used to  develop 
service scenarios in activities of daily living (ADL). The investigation was carried out 
at a smart house owned by Blueroof, an industry partner focusing on state-of-the- art 
living technology to provide a safer home environment as shown in figure 1. To col-
lect data for assessing accessibility, a very small subject pool carried out the investi-
gation. It consisted of two individuals with no mobility issues, one to navigate  
through the scenarios and one to measure the required data. Authors use a manual 
wheelchair to measure accessibility. 

The route for the first scenario was marked on floor plan printouts in  figure 2. This  
was transferred to the actual house using tape guidelines that indicated the desired 
path. After marking the house to comply with the marks on the floor plan, the total 
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Fig. 1. Floor plan of Blueroof House located at suburban area of Pittsburgh, PA 

distance of the route in the scenario was measured and recorded in meters. In this 
short paper, we introduce one scenario among six scenarios developed based on most 
frequent activities of daily living in home as described in table 1 and routings of the 
scenario is also shown in figure 2. 

 
Table 1. A Scenario of Activities of Daily Living (ADL): Waking up, shower, and breakfast 

 

Amy has just woken up to the aroma of blueberry pancakes floating  through the house. 
Anticipating a delicious breakfast, she gets up and heads over to the bathroom to rinse her 
face and hands before ending up in the kitchen for breakfast. 

 
 

  

Fig. 2. Routing path with marked nodes 

4   Results 

Table 2 shows the results of measuring accessibility. The values were calculated using 
equations (1) and (2), with times and distances varying but the number of routes re-
maining constant at 1. On foot traveling was done with about the same ease through-
out all areas of the house. However, differences were noticed during wheelchair 
travel. There was an issue that the maneuvering space available in the hallway, which 
didn’t leave an adequate turning radius to get to the bedroom or bathroom in the 
wheelchair. The scenario had difficulty in making a “U” turn, and the carpet in the 
bedroom seem to create even more resistance than the one in  the living room. 
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Table 2. Results of Accessibility Measurements 
 

Wheelchair Accessibility (Subject A) 625.11 
Wheelchair Accessibility (Subject B) 699.05 

On Foot Accessibility (Subject A) 256.70 
On Foot Accessibility (Subject B) 226.47 

Relative Accessibility by Subject A 
(Wheelchair to On Foot) 2.44 

Relative Accessibility by Subject B 
(Wheelchair to On Foot) 3.09 

Routing Distance (m) 12.44 
# of Routing Nodes 7 

5   Conclusions 

In  this paper, we introduce a mathematical rationale for assessing quantitative acces-
sibility and testing results using individuals in wheelchairs and individuals without 
disability in a home environment. A real world implication of this approach will be a 
cost effective method for measuring accessibility, as well as a way to determine to 
what extent modifications are needed in the home. The proposed expression will be 
assisting  rehabilitation professionals and architects to assess accessibility using the 
telerehabilitation protocol. Further studies including a larger subject pool with actual 
users of wheelchairs in measuring accessibility as well as accessibility grades that will 
be acceptable and standardized to provide a threshold for home adaptation to improve 
wheelchair accessibility in homes. 

References 

1. Meyers, A.R., Anderson, J.J., Miller, D.R., Shipp, K., Hoenig, H.: Barriers, facilitators, 
and access for wheelchair users: substantive and methodologic lessons from a pilot study 
of environmental effects. Social Science & Medicine 55, 1435–1446 (2002) 

2. Sakkas, N., Perez, J.: Elaborating metrics for the accessibility of buildings. Computers, 
Environment and Urban Systems 30, 661–685 (2006) 


	Quantitative Approach of Remote Accessibility Assessment System (RAAS) in Telerehabilitation
	Introduction
	Mathematical Rationale
	Method
	Results
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




