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Abstract

Human-Computer Interaction (HCI) research methods
are increasingly diverse, generating various types of
data. Often, data are not appropriate for conventional
parametric analyses of variance (ANOVAs). Instead,
nonparametric and semi-parametric statistics may be
more appropriate, but many such methods remain
obscure and underutilized. This position paper
promotes the view that non- and semi-parametric tests
have a welcome place in HCI research. Moreover, they
should be accompanied by effect sizes, which are often
not apparent or readily available for many of these
tests. Making nonparametric and semi-parametric tests
known, along with their effect size calculations, is an
important priority for HCI research methods.
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Position Statement

Human-Computer Interaction (HCI) is a wide-ranging
field, with computer scientists, social scientists, and
designers variously studying technology and human
behavior, and creating and evaluating interactive



Method

Likert scales

Coded
observations,
interviews,
diaries

Surveys

Demographic
questionnaires

Human
performance
experiments,
usability tests

Data

Ordinal
responses

Nominal
responses,
counts

Ordinal
responses,
nominal
responses,
counts

Exponential
distributions
(e.g., income)

Lognormal
distributions
(e.g., times),
Poisson
distributions
(e.g., errors),
binomial
distributions
(e.g.,
success/fail
outcomes)

Table 1: Various research
methods in HCI giving rise to
certain types of quantitative data
suited to nonparametric or semi-
parametric statistical tests.

technologies. Given the range of these research
endeavors, it is no surprise that the types of data
examined are also diverse and wide-ranging (Table 1).
To make sense of these data, inferential statistics are
often employed. Owing to a many factors, including
background, training, expediency, and tradition,
researchers often utilize familiar parametric analyses of
variance (ANOVAs). Unfortunately, ANOVAs are often
inappropriate or undesirable due to response types or
assumption violations. Add to this the recognized
problems of null hypothesis significance testing (NHST)
[4], and the misinterpretation of p-values [13], and
there is a need for HCI statistical methods to improve.

One path forward is to better understand and employ
nonparametric and semi-parametric statistical tests
(see Table 2). Although such tests remain within the
NHST paradigm, for many studies of novel
technologies, where priors for Bayesian methods may
be unavailable [4], non- and semi-parametric tests
offer important alternatives to ANOVAs that avoid
common pitfalls. For example, statistical power is often
increased by ANOVA procedures relative to their
nonparametric counterparts, exacerbating the chances
of Type I errors and the reliance on p-values even
when practically significant differences may be absent.

Also of relevance to HCI, but largely unrecognized and
unused, are so-called “semi-parametric” statistical
models, like generalized linear models (GLMs) [7] and
generalized linear mixed models (GLMMs) [2,9]. These
powerful, flexible models have become computationally
feasible and can accommodate various data
distributions and response types (e.g., nominal

! http://depts.washington.edu/madlab/proj/ps4hci/
2 https://www.coursera.org/learn/designexperiments

responses using logistic regression). To date, relatively
few HCI papers employ GLMs or GLMMs.

Finally, along with the results of nonparametric and
semi-parametric statistical tests, the reporting of effect
sizes can convey practical significance and facilitate
comparisons. Reporting effect sizes has been urged for
ANOVA reports as well [13], but a challenge for non-
and semi-parametric tests is that effect size
calculations are often not obvious or readily available.
Shedding light on such calculations and encouraging
their use will improve HCI statistical practice.

Author’s Short Biography

I am an Associate Professor in the Information School
and, by courtesy, in the Department of Computer
Science & Engineering at the University of Washington.
I direct the Mobile & Accessible Design Lab and am a
founding member of the DUB Group and the Master of
Human-Computer Interaction & Design program.

My research seeks to understand people’s interactions
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Factors, B/W

Levels IS

1,2 B Mann-
Whitney [6]

1,2 W Wilcoxon
signed-rank
[10]

1, >2 B Kruskal-
Wallis [5]

1, >2 w Friedman [1]

>1, 22 B ART [3,8,11];
GLM [7]

>1,22 W ART [3,8,11];
GLMM [2,9]

Table 2: Some useful
nonparametric and semi-
parametric statistical tests for
various (B)etween- or (W)ithin-
subjects experimental designs in
HCI. Notes: “ART” stands for
Aligned Rank Transform, “GLM”
stands for generalized linear
model, and “"GLMM" stands for
generalized linear mixed model.
This table is adapted from [12].

enrolled over 10,000 learners since February 2016. I
also published a CHI 2011 paper on ARTool [11] for
enabling Aligned Rank Transform nonparametric tests.

I have authored over 120 peer-reviewed publications,
receiving 12 best paper awards and 7 honorable
mentions. I am on the editorial board of ACM
Transactions on Computer-Human Interaction. I
received my B.S. and M.S. from Stanford University,
and my Ph.D. from Carnegie Mellon University.

Intended Contributions to the Workshop

In this CHI 2017 workshop, I would like to contribute to
conversations on useful and appropriate statistical
methods, offering insight into nonparametric and semi-
parametric tests, and voicing support for reporting
effect sizes. I would also offer support for other “new”
methods, such as Bayesian methods [4], which promise
to benefit HCI as the field reconsiders its statistical
practices. I would also like to contribute to author and
reviewer guidelines that aim to help both roles more
effectively communicate and consider statistical results
in HCI. It is an exciting time to be reflecting on these
issues, which are of great importance to HCI research.

References
Friedman, M. (1937). The use of ranks to avoid the
assumption of normality implicit in the analysis of
variance. Journal of the American Statistical
Association 32 (200), pp. 675-701.

2. Gilmour, A.R., Anderson, R.D. and Rae, A.L.
(1985). The analysis of binomial data by a
generalized linear mixed model. Biometrika 72 (3),
pp. 593-599.

3. Higgins, J.]. and Tashtoush, S. (1994). An alighed
rank transform test for interaction. Nonlinear World
1(2), pp. 201-211.

10.

11.

12.

13.

Kay, M., Nelson, G.L. and Hekler, Eric B. (2016).
Researcher-centered design of statistics: Why
Bayesian statistics better fit the culture and
incentives of HCI. In Proc. CHI 2016. New York:
ACM Press, pp. 4521-4532.

Kruskal, W.H. and Wallis, W.A. (1952). Use of ranks in
one-criterion variance analysis. Journal of the American
Statistical Association 47 (260), pp. 583-621.

Mann, H.B. and Whitney, D.R. (1947). On a test of
whether one of two random variables is
stochastically larger than the other. Annals of
Mathematical Statistics 18 (1), pp. 50-60.

Nelder, J.A. and Wedderburn, R.W.M. (1972).
Generalized linear models. Journal of the Royal
Statistical Society, Series A 135 (3), pp. 370-384.

Salter, K.C. and Fawcett, R.F. (1993). The ART test
of interaction: A robust and powerful rank test of
interaction in factorial models. Comm. in Statistics:
Simulation and Computation 22 (1), pp. 137-153.

Stiratelli, R., Laird, N. and Ware, J.H. (1984).
Random-effects models for serial observations with
binary response. Biometrics 40 (4), pp. 961-971.

Wilcoxon, F. (1945). Individual comparisons by
ranking methods. Biometrics Bulletin 1 (6), pp. 80-83.

Wobbrock, J.0., Findlater, L., Gergle, D. and
Higins, J.J. (2011). The Aligned Rank Transform for
nonparametric factorial analyses using only ANOVA
procedures. In Proc. CHI 2011. New York: ACM
Press, pp. 143-146.

Wobbrock, J.0. and Kay, M. (2016). Nonparametric
statistics in human-computer interaction. Chapter 7
in J. Robertson and M.C. Kaptein (eds.), Modern
Statistical Methods for HCI. Switzerland: Springer,
pp. 135-170.

Yatani, K. (2016). Effect sizes and power analysis
in HCI. Chapter 5 in J. Robertson and M.C. Kaptein
(eds.), Modern Statistical Methods for HCI.
Switzerland: Springer, pp. 87-110.




<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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


