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ABSTRACT

This short paper constitutes our first
investigation of how eye tracking and gaze
estimation can help create better mixed-reality
personal computing systems involving both
physical (real world) and virtual (digital)
objects. The role of gaze is discussed in the light
of the situative space model (SSM) which
determines the set of objects a given human
agent can perceive, and act on, in any given
moment in time. As a result, we propose to
extend the SSM in order to better incorporate
the role of gaze, and for taking advantage of
emerging mobile eye tracking technology.

Author Keywords
Interaction paradigm, gaze tracking.

ACM Classification Keywords
H5.m. Information interfaces and presentation
(e.g., HCI): Miscellaneous.

INTRODUCTION

The design of interactive systems that involve
more than one computer device and also a range
of everyday physical objects, demands us to
extend the classical user-centered approach in
HCI [3]. One challenge is that both system and
human needs to continuously establish an
understanding of what parts of the physical and
virtual worlds that currently make up the “user
interface” as devices and interaction modalities
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change with context. The egocentric interaction
paradigm [5] proposes a change in view of a)
the role of digital interactive devices in relation
to the information they provide access to, and b)
to generalize the HCI input/output concept to
make room for multiple parallell interaction
channels as well as interaction with objects in
the real world (physical objects).

Virtual Objects and Mediators Instead of Interactive
Devices

Input and output devices embedded in digital
appliances are viewed as mediators through
which virtual objects are accessed. Virtual
objects are assumed to be dynamically assigned
to mediators by an interaction manager
software component residing on body-worn
hardware. The purpose and function of
mediators is that of expanding the action space
and perception space of a human agent (Fig. 2).

Action and Perception Instead of Input and Output

In the egocentric interaction paradigm, the
modeled human individual is an agent moving
about in a mixed-reality environment, not a
“user” interacting with a computer. Also the
HCI concepts input and output are reconsidered:
(device) “input” and “output” are replaced with
(human agent) “action” and “perception”. Note
that object manipulation and perception are
processes that can take place in any modality:
tactile, visual, aural, etc. In this paper, we focus
on visual modalities for perception and action.

HUMAN ACTIVITY AND GAZE

Eye movements are versatile and play an
important role in everyday activities [2]. It is
well known that human eye movements are
governed by our interests and intentions [6], and



humans tend to look at the
object that they want to act
on prior to any motor
control. The sequences of
fixations, trackable by
emerging mobile tracking
technology [1] in some
cases provide enough data
for making predictions [2].

A SITUATIVE SPACE MODEL

The situative space model
(SSM) [4] is intended to
model what a specific
human agent can perceive,

reach and operate, at any
given moment in time. This
model is intended to be the
emerging egocentric  interaction paradigm
equivalent of what the virtual desktop is for the
PC/WIMP (Window, Icon, Menu, Pointing
device) interaction paradigm: more or less
everything of interest to a specific human agent
is assumed to, and supposed to, happen here.
Fig. 1. shows a typical situation which the SSM
is intended to formalise and capture: a living
room environment inhabited by a human agent.

In the following, we will discuss the role of gaze
in the light of SSM definition excerpts from [5].

Perception Space (PS)

The part of the space around the agent that can be perceived at
each moment. Like all the spaces and sets defined below, it is
agent-centered, varying continuously with the agent‘s
movements of body and body parts. Different senses have
differently shaped PS, with different operating requirements,
range, and spatial and directional resolution with regard to the
perceived sources of the sense data. Compare vision and
hearing, e.g.

Within PS, an object may be too far away to be possible to
recognize and identify. As the agent and the object come closer
to each other (either by object movement, agent movement, or
both) the agent will be able to identify it as X, where X is a
certain fype of object, or possibly a unique individual. For each
type X, the predicate “perceptible-as-X” will cut out a sector of
PS, the distance to the farthest part of which will be called
recognition distance. [5]

Naturally, gaze direction plays a fundamental
role in defining the visual PS for a given human

agent. Any object directly hit by the vector
anchored in the fovea and passing through the

Fig. 1. A living room environment as seen by a human agent. Some physical objects (P1-P5),
virtual objects (V1-V10) and mediators (M1 and M2) are labelled for illustrative purposes. The
gaze direction of the human agent is indicated by the hair cross.

center of the lense of an eye (that is, the line of
sight, LoS) is a top candidate member of the PS
since it is only along this vector human agents
literally see clearly. However, other components
of the human visual perception system
“expands” this single vector of visual
impression so that visual attention in practice
typically is directed to a larger area than just a
point in 3D space. Let us call this 2-dimensional
expanded area — with the LoS hitting its center —
the field of view (FoV). Then, very simplified,
the 3D space created by the union of the two
eye’s FoV, let us call it the 3DFoV, forms the
basis for the visual PS (again, with the help of
complementary parts of the human perception
system, dealing with angular calculations and
objects obstructing each other, etc.). All objects
in the 3DFoV (not just the object in LoS) should
be included in PS for a given agent.
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Fig. 2. A Situative Space Model. [4]



Recognizable Set (RS)
The set of objects currently within PS that are within their
recognition distances.

The kind of object types we are particularly interested in here
are object types that can be directly associated with activities of
the agent — ongoing activities, and activities potentially
interesting to start up — which is related to what in folk-
taxonomy studies is known as the basic level.

To perceive the status of a designed object with regard to its
relevant (perceivable) states (operations and functions as defined
by the designer of the artifact) it will often have to be closer to
the agent than its recognition distance: the outer limit will be
called examination distance. [5]

Examinable Set (ES)
The set of objects currently within PS that are within
examination distances. [5]

The visual RS and ES in the SSM (motivated by
the potential value for an egocentric interaction
system to know in what detail objects can be
analysed by a human agent) raises gaze tracking
questions. Can gaze estimation be used for
determining whether an object is examinable,
recognizable or just perceivable? Eye movement
pattern categorization over time and object types
could, potentially, help determining whether a
visually perceivable object belongs to RS or ES.
Action Space (AS)

The part of the space around the agent that is currently
accessible to the agent’s physical actions. Objects within this
space can be directly acted on. The outer range limit is less
dependent on object type than PS, RS and ES, and is basically
determined by the physical reach of the agent, but obviously
depends qualitatively also on the type of action and the physical
properties of objects involved; e.g., an object may be too heavy
to handle with outstretched arms. Since many actions require

perception to be efficient or even effective at all, AS is
qualitatively affected also by the current shape of PS.

From the point of view of what can be relatively easily
automatically tracked on a finer time scale, it will be useful to
introduce a couple of narrowly focused and highly dynamic sets
within AS (real and mediated). [5]

The visual AS is limited: Few actions that
change the state of physical or virtual objects
can be performed using eyes alone. However,
gaze activity is often part of actions executed
using other parts of the body such as the hands.
Selected Set (SdS)

The set of objects currently being physically or virtually handled
(touched, gripped; or selected in the virtual sense) by the agent.
Physical selection is almost always preceded by
visual selection: before grabbing anything, we

visually fixate the object. Without dwelling into
the reasons, this fact means that by tracking
gaze, computer systems can do heuristical
guesses for what object, among all the objects in
AS, that is about to get manipulated next.
Manipulated Set (MdS)

The set of objects whose states (external as well as internal) are
currently in the process of being changed by the agent. [5]

All these spaces and sets, with the obvious
exception of the SdS and the MdS, primarily
provide data on what is potentially involved in
the agent’s current activities. Cf. the virtual
desktop in the PC/WIMP interaction paradigm.

Like object selection, also object manipulation
can involve gaze. While visual feedback is
crucial for certain kinds of physical object
manipulation (e.g. hand writing), it is probably
less important for most. For manipulation of
virtual objects, the situation is different. One of
the most prevailing critisisms of today’s user
interfaces is in fact the heavy reliance on visual
feedback. Contrary to actions in the real world,
most user interfaces rely on continuous visual
attention also during object manipulation.

EXAMPLE SITUATION

Fig. 1. shows a living room environment. If we
assume that the area covered by the photo
approximately corresponds to the field of view
of a given human agent, objects in the photo can
be categorized using the SSM as follows:

Physical objects

The physical object P1 (the floor lamp) belongs
to the examinable set since the human agent can
determine whether the lamp is on or off. The
paper document P2 is not in the examinable set
because from this position, the human agent can
not likely determine what the document is
about, see what page that is on top, let alone
read the text of it. P2 is however in the
recognizable set because it is indeed clear that
the object is a paper document. The drawer P3
belongs to the examinable set because it is
possible to see whether it is open or closed. The
fruit basket P4 is examinable: it is possible to
determine whether it is empty or full and even
the kind of fruit that it contains. The desk fan P5



is also examinable — it is possible to see whether
its rotor blades are turning or if they are still.

Mediators

The TV embeds two mediators: The screen
(M1) and the speaker (M2). The screen M1 is in
the examinable set since the human agent can
determine what is shown on it, i.e. the virtual
objects that it currently mediates. The TV
speaker M2 is not in the visual perception space
at all since the case design of the TV hides its
presence. (It is true that it is in the aural
perception space — virtual objects can be
sufficiently sonified from this distance — but we
limit our analysis to the visual perception
space.) The light switch M3 is in the perception
space but not examinable: the human agent
cannot determine its state from this distance.

Virtual objects

The icons shown on the screen M1, modeled as
virtual objects VI1-V10, are all examinable
because their state (selected/not selected) can be
determined from the position of the h. agent.

Action space

With respect to action space, most of the objects
labelled in Fig. 1. are outside of that space. The
human agent cannot, from her/his current
positon manipulate them. The exception might
be the paper document P2 or the fruit basket P4
which might be just about reachable. If we
imagine the human agent to hold the TV remote
control in her/his hands (a physical object
embedding mediator buttons) however, also the
10 icons V1-V10 enter action space since that
would allow her/him to manipulate them.

The hair cross in the picture simulates the gaze
direction of the human agent, -currently
examining one of the 10 icons on the TV.

CONCLUSION

In this paper we have taken our initial steps in
modeling gaze within the situative space model
(SSM). Gaze turns out to be a defining factor for
to which space an object belongs, potentially
altering an object’s location within the model
rapidly. To fully exploit the information in eye
and gaze movements, the SSM might benefit

from the incorporation of something like an
“attended-to” set of objects (Fig. 3.), including
objects across several existing SSM spaces and
sets that the given human agent is attending to.
Among many open issues related to gaze and
human attention is that a person may attend to
objects that they can see but not recognize. At
the same time, an object may be recognizable
but not really attended to.
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Fig. 3. Future work: extending the situative space model with an
“attended-to” set.

REFERENCES

1. Hansen, D. W., Ji, Q., In the eye of the
beholder: A survey of models for eyes and
gaze. [EEE Transactions on Pattern
Analysis and Machine Intelligence 32, 3,
2010,478-500.

2. Land M.F., Tatler B.W., Looking and
Acting: Vision and eye movements in natural
behaviour. Oxford; New York: Oxford
University Press, 2009.

3. Norman, D. & Draper, S. (Eds.) User
centered system design. Erlbaum, Hillsdale,
NJ, 1986.

4. Pederson, T., Janlert, L-E., Surie, D., Setting
the Stage for Mobile Mixed-Reality
Computing - A Situative Space Model based
on Human Perception. [EEE Pervasive
Computing Magazine (to appear), 2011.

5. Pederson, T., Janlert, L-E., Surie, D.,
Towards a Model for Egocentric Interaction
with  Physical and Virtual Objects.
Proceedings of NordiCHI'10, ACM Press,
2010, 755-758.

6. Yarbus, A. L., Eye Movements and Vision.
New York: Plenum Press, 1967.




<<
  /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


