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Abstract. Badges developed by Hitachi High Technologies (Hitachi calls 
this process “Business Microscope”) were used to gather interaction data, 
and sensors stationed in monitored locations recorded space occupancy-
utilization from 25 meeting areas and 86 individual workstations in the 
global headquarters of a large manufacturing firm in the upper Midwest, 
USA. One hundred thirteen participants in 19 work groups/departments wore 
individual badges throughout seven work days. Social networks were 
derived from the interaction data (based on three-minutes cumulative 
interaction per day). This objective approach to deriving empirical networks 
and space utilization improves on many existing techniques that rely on 
inconsistent observation, subjective surveys, individual or group reconstruc-
tions (e.g., focus groups).  

Keywords: Social networks, social network analysis, space utilization, 
interaction patterns. 

1   Introduction 

Academics, consultants and business leaders have long sought objective methods to 
rationalize investments in office workspace due to occupants’ overestimates of the 
time they spend in the office and in specific locations [1], [2]. In addition, these 
constituencies have become interested in measuring important aspects of knowledge 
worker productivity [3]. In this regard, some investigators have begun to accept 
social network analysis as a proxy measure of at least some pertinent aspects of 
work group performance and organizational effectiveness [4]. However, measure-
ment approaches that meet all the rigorous criteria for experimental control, 
reliability & validity required for academic research are rare in applied work; at the 
same time, applied research methods often rely on subjective measures that fail to 
predict future behavior and thus do not provide adequate business intelligence for 
decision makers [5]. 
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2   Method 

In an effort to explore these issues and address some associated methodological 
limitations, Haworth’s Ideation group partnered with Hitachi High Technologies, a 
Hitachi company that developed an applied measurement system called “Business 
Microscope” to conduct this research. This study used their approach to empirically 
derive social networks from patterns of interaction and space utilization within 19 
work groups/departments over a 10-day period (seven business days). Participants 
wore individual badges (called “nodes,” featuring infrared senders/receivers, 
accelerometers) around their necks while in the office throughout the study period 
(see Figure 1); these nodes were returned to a “base station” each night for 
downloading data and re-charging (see Figure 2). Twenty-five meeting areas and 86 
individual workstations were monitored via sensors (called “beacons”) placed in 
each (see Figure 3). These areas were selected (convenience sample) to represent all 
three floors in the headquarters of a large manufacturing firm in the upper Midwest, 
USA (see Figures 4-6). Each individual node and area sensor sampled 
interaction/use data every 1.5 seconds. From these data, the presence of participants 
(for objective space utilization) and the nature of their interactions (with a 
cumulative minimum of three minutes a day, along with identifying “speaker” & 
“listener”) were derived using Hitachi’s proprietary software (based on previous 
studies of 119 companies in Japan). 

 

Fig. 1. Participant wearing a badge (“node”) 

These methods yielded empirical social networks that reflected the frequency and 
timing of interactions among participants during the seven business days of 
measurement (see Figure 7). Formal, enterprise-relevant collaboration could not be 
disentangled from Informal (merely social) communication, yet certain levels of 
social interaction may facilitate collaboration by influencing trust and other 
important mediating factors linking workplace strategy to pertinent business  
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outcomes [6], [7], [8]. In addition, these measures gave precise estimates of space 
utilization across the 25 meetings areas and 86 individual workstations monitored 
(see Figures 8-10). These data could be used to rationalize future office floor-plate 
or real estate strategies. 

 

 

Fig. 2. Depiction of “base station” for “node” storage & data download 

 

Fig. 3. Illustration of a sensor (“beacon”) in a meeting area 
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Fig. 4. Areas of the floor-plan monitored/sampled on the first floor 

 

Fig. 5. Areas monitored /sampled on the second floor 
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Fig. 6. Areas monitored / sampled on the third floor 

 
 

Fig. 7. Illustration of social networks within and among the three floors of the headquarters 
building 
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Fig. 8. Illustration of social network and space utilization within one work froup 

 

Fig. 9. Illustration of space utilization rates for two group meeting areas 
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Fig. 10. Illustration of space utilization rates for shared meeting spaces 

3   Conclusion 

This exploratory/feasibility study demonstrated the usefulness of Hitachi High 
Technologies’ “Business Microscope” for evaluating face-to-face social networks and 
documenting objective space utilization within the office environments of large 
organizations in the United States. Although certain features of their data analyses 
(e.g., determining “speakers” and “listeners” for particular interactions) may be 
culture-specific, following further data collection in more companies outside of Japan, 
the relevant algorithms could be adjusted so that their output indeed reflects these 
behaviors. This technology could be used to evaluate the impact of a number of 
independent variables relevant to workplace strategy and design. Techniques that 
provide decision makers with predictive business intelligence are certainly needed; 
Hitachi’s “Business Microscope” represents real progress in this salient area of 
applied research. 

 

Acknowledgements. The authors would like to thank the following individuals from 
Hitachi High Technologies for their assistance: Yutaka Tochihara, Akinobu Miyazaki, 
Norihiko Moriwaki, Yasunori Wakatsuki & two data analysts; and Jackie Neerken, 
Workplace Studio, Haworth. 

References 

1. Brill, M., Margulis, S., Konar, E.: BOSTI: Using office design to increase productivity. In: 
Workplace Design and Productivity, Inc. in association with Westinghouse Furniture 
Systems, Buffalo, vol. 1&2, pp. 1984–1985. 



360 J.L. Brand, G. Nagy, and H. Ding 

 

2. Kupritz, V.W.: The dynamics of privacy regulation: A conceptual model for HRD and 
organizations. J. Ind. Teach. Ed. 38, 29–59 (2000) 

3. Thompson, L.: Improving the creativity of organizational work groups. Acad. Manag. 
Exec. 17, 96–109 (2003) 

4. Cross, R., Parker, A., Prusak, L., Borgatti, S.P.: Knowing what we know: Supporting 
knowledge creation and sharing in social networks. Org. Dynam. 30, 100–120 (2001) 

5. Brand, J.L.: Office ergonomics: A review of pertinent research and recent developments. In: 
Carswell, C.M. (ed.) Reviews of Human Factors and Ergonomics, vol. 4, pp. 245–282. 
Human Factors and Ergonomics Society, Santa Monica (2008) 

6. Lee, S.Y., Brand, J.L.: Effects of control over office workspace on perceptions of the work 
environment and work outcomes. J. Env. Psych. 25, 323–333 (2005) 

7. Lee, S.Y., Brand, J.L.: Can personal control over the physical environment ease distractions 
in office workplaces? Ergn. 53, 324–335 (2010) 

8. Newsham, G.R., Brand, J.L., Donnelly, C.L., Veitch, J.A., Aries, M.B.C., Charles, K.E.: 
Linking indoor environment conditions to job satisfaction: A field study. Build. Res. Inf. 37, 
129–147 (2009) 


	Using Embedded Technology Badges to Derive Social Networks, Patterns of Interaction and Space Utilization in a Corporate Headquarters
	Introduction
	Method
	Conclusion
	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




