Delegating Agency among Researcher, Biostatistician and
Computer Machinery: Modeling in Biostatistics

Kenneth Wright, Vanderbilt University, Peabody #330, 230 Appleton Place, Nashville, TN 37203,
k.wright@vanderbilt.edu

Abstract: Medical researchers exercise and delegate agency for making inferences or for
making claims. In the biostatistical consultations discussed here, they encounter three key
knowledge-producing agents in the “epistemic culture” (Knorr Cetina, 1999) of biostatistics:
themselves, biostatistician and computer machinery. Who or what does what occurs amidst a
“dance of agency” among the participants (Pickering, 1995). These interpretations provide
support for recent reforms employing modeling approaches in science and mathematics
instruction in K-16 settings.

Introduction

Broadly speaking, medical researchers and biostatisticians in consultations recognize each others’
differences in expertise. Medical researchers defer to the biostatistician for a suitable model that, once
employed, will justify inferences that attribute observable patterns in data from a sample as indicative of some
true characteristic of a population. Likewise biostatisticians rely on the medical researcher to turn measures
obtained in the laboratory or medical setting into data suitable for statistical analysis. Both human agents rely on
computer machinery to do a tremendous amount of computational, graphical, and tabular work that becomes the
basis of further analytical work to be delegated among the human agents. They also rely often on computational
machinery to provide menus of options for building a statistical model and subsequent graphical outputs. Thus
the overall task of selecting, building and running a statistical model is a joint task involving the coordinated
expertise of medical researchers, biostatisticians and the computer machinery. For the “agency” of computer
machinery, I mean this in the sense employed by Pickering (1995), who underscores that only humans employ
the kind of intentionality that we normally attribute uniquely to humans. Nevertheless, scientists must adopt a
passive stance as they observe what their investigative machinery, and the unknown features of the material
world they interact with, will actively accomplish. Machines have agency in the sense that once built and “run”,
only they can determine what heretofore had been indeterminate.

This paper reports from a multi-year study of learning and teaching in a biostatistics department
associated with a medical school in the United States. Field data come from two main lines: (1)
Audiorecordings, videorecordings and notes from several public lectures, attended mostly by biostatisticians,
and (2) Videorecordings of several biostatistical consultations (meetings between Dbiostatistician and
researcher(s) for advice on interpreting data or designing a study), as well as follow-up interviews focusing on
selected episodes as the basis for questioning. The field data from line (1) provides a framework for a “practice
account” (Schatzki, Knorr Cetina & von Savigny, 2001) of biostatistical research, an opportunity to describe the
“epistemic culture” (Knorr Cetina, 1999) of biostatistics. I use this practice approach with the intention of
understanding the activities of this community dedicated to knowledge creation. Field data from line (2)
provides an opportunity to examine from an ethnomethodological standpoint (Garfinkel, 1967) the local activity
of learning to conduct medical research. The learners, for my purposes here, are medical researchers who seek
advice on how to turn their data into defensible claims in research journals. Learning is here characterized by
those local interactions responsible for acclimating these researchers to the epistemic culture of biostatistics.
Here 1 foreground the question, As participants attempt to create characteristics within a population from
observable patterns within a sample of data, how do medical researchers learn to exercise and delegate agency
among themselves, biostatisticians and their machinery? By wording the question this way, I do not mean to
suggest that they produce knowledge out of whole cloth. The patterns they observe in samples are real, but only
by means of inference can these patterns be made to pertain to populations. They are all too aware of the
contingent nature of findings. It is as if medical facts reside a liminal space between the status of the inherently
provisional and the status of the statistically significant result.

Learning in Biostatistical Consultations

Learning biostatistics might be characterized as the process of inserting oneself into and acclimating
oneself to the epistemic culture of biostatistical research. The videorecordings of consultations provide an
opportunity to study the dynamics of such learning as participants interact. Such consultations are institutional
responses to the need to reorganize future work (Hall, Wright & Wieckert, 2007). They therefore represent a
unique opportunity to examine how local activity might bear on the greater epistemic culture. In the interactive
poster session, I will present video episodes from one biostatistical consultation and will highlight some key



aspects of episodes where participants exercise or delegate agency to others. The poster itself will provide a
synoptic view of other consultations in an attempt to convey the prevalence of these following aspects: (1) The
import of a claim is reflexively bound to the legitimacy of the agent to make such claims. This self positioning
may take on various forms, from more provisional stances that invite others to join in the task of claim-making,
to more resolute and definitive stances that arrogate the task of claim-making uniquely to oneself. Furthermore,
participants may position others as having agency and/or responsibility for making claims about data. (2)
Outlines of agency. When things go smoothly, participants tend to exercise and delegate agency in mutually
consistent manners, along the lines of a harmonious distribution of labor. Researchers tend to delegate model
selection to biostatisticians (who in turn sometimes rely in part on computer machinery), but exercise agency to
generate the research question of interest. These humans delegate to the computer machinery the task of
computation (far from trivial), the production of summary tables and graphs and the reporting on any contrasts
or significant trends. The computer machinery also solicits information by way of graphical user interfaces that
pop up. However, things do not always go smoothly and when they do not, participants reveal where the bounds
of their presumption of agency are. (3) Biostatistical consultations are often quests to determine an appropriate,
workable and defensible statistical model, and to make it articulate with the data at hand or potential future data.
Participants rely on the computer machinery to compute estimates of values and to display summarizes of these
data in tabular and graphical form. Because these displays in turn become useful for analysis and for the
generation of knowledge claims, they do more than simply illustrate the statistical model — they become models
themselves and serve as “epistemic artifacts” (Knuuttila, 2003).

From Learning in Epistemic Cultures to Learning in Schools

Other recent work in the learning sciences has explored agency in educational settings (Charles &
Shumar, 2007) and this paper too explores agency in similar, temporally emergent terms, but with the added
feature of machinic agents. Interpretation of biostatistical modeling as a collaborative dance of agency among
humans and machines provides support for modeling in mathematics and science education. The modeling
movement has directed our attention to teaching students to experience the feel of scientific research, both on a
personal level and on a collective level of collaboration with others (Lesh & Doerr, 2003; Lesh, Hamilton &
Kaput, 2007), consistent with notions of learning as participation (Lave & Wenger, 1991). From this
perspective, modeling provides first hand experience with knowledge production within a culture devoted to the
cultivation of people. For these modeling activities, competency for delegating or assuming agency are just as
relevant (Scardamalia, 2002), especially with the advent of more sophisticated computer machinery in schools
(Borba & Villarreal, 2005).

References

Borba, M. C., Villarreal, M. E. (2005). Humans-with-media and the reorganization of mathematical thinking:
information and communication technologies, modeling, visualization, and experimentation. New
York. Springer.

Charles, E., Shumar, W. (2007). Creativity, Collaboration and Competence: Agency in Online Synchronous
Chat Environment, Proceedings of Computer Support for Cooperative Learning (CSCL). New
Brunswick, NJ.

Garfinkel, H. (1967). Studies in ethnomethodology. Englewood Cliffs, NJ: Prentice Hall.

Hall, R., Wright, K & Wieckert, K. (2007). Interactive and Historical Processes of Distributing Statistical
Concepts Through Work Organization. Mind, Culture, and Activity. 14(1-2), 103-127.

Knorr Cetina, K. (1999). Epistemic Cultures: How the Sciences Make Knowledge. Cambridge. MA: Harvard
University Press.

Knuuttila, T. & Voutilainen, A. (2003). A Parser as an Epistemic Artifact: A Material View on Models.
Philosophy of Science, 70, 1484—1495.

Lave J. & Wenger, E. (1991) Situated learning: legitimate peripheral participation, Cambridge: Cambridge
University Press.

Lesh, R. & Doerr, H. (Eds). (2003). Beyond constructivism: Models and modeling perspectives on mathematics
problem solving, learning, and teaching. Mahwah, NJ: Lawrence Erlbaum Associates.

Lesh, R., Hamilton, E. & Kaput, J. (Eds). (2007). Foundations for the Future of Mathematics Education.
Mahwah, NJ: Lawrence Erlbaum Associates.

Scardamalia, M. (2002). Collective cognitive responsibility for the advancement of knowledge. In B. Jones
(Ed.), Liberal education in a knowledge society (pp.67-98). Chicago: Open Court.

Schatzki, T. R., Knorr Cetina, K. and von Savigny, E. (Eds.) (2001). The Practice Turn in Contemporary
Theory. Routledge, London.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


