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Abstract

Many actions have instrumental aims, in which we move our bodies to achieve a
physical outcome in the environment. However, we also perform actions with epis-

temic aims, in which we move our bodies to acquire information and learn about the
world. A large literature on action recognition investigates how observers represent
and understand the former class of actions; but what about the latter class? Can one
person tell, just by observing another person’s movements, what they are trying to
learn? Here, 5 experiments explore epistemic action understanding. We filmed vol-
unteers playing a ‘physics game’ consisting of two rounds: Players shook an opaque
box and attempted to determine (i) the number of objects hidden inside, or (ii) the
shape of the objects inside. Then, independent subjects watched these videos and
were asked to determine which videos came from which round: Who was shaking for
number and who was shaking for shape? Across several variations, observers suc-
cessfully determined what an actor was trying to learn, based only on their actions
(i.e., how they shook the box) — even when the box’s contents were identical across
rounds. These results demonstrate that humans can infer epistemic intent from
physical behaviors, adding a new dimension to research on action understanding.
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Introduction

Beyond recognizing objects, faces, and scenes, we also recognize the actions of
other people. Accordingly, a large literature explores how we represent and un-
derstand actions such as walking, reaching, pushing, lifting, eating, chasing, and
following (Blakemore and Decety, 2001; Hafri et al., 2013; Runeson and Frykholm,
1983; Isik et al., 2018). Such understanding is important for anticipating others’
behaviors (e.g., where they might move next) and may also inform richer inferences
about underlying attitudes and mental states, such as intention (Blakemore and De-
cety, 2001), agency (Hafri et al., 2013), deception (Runeson and Frykholm, 1983),
confidence (Patel et al., 2012), belief (Baker et al., 2017), preference (Baker et al.,
2017), and value (e.g., inferring that someone who accepts significant costs to achieve
a goal likely values that goal highly; Liu et al., 2017).

Independent of the inferences we might draw on their basis, actions like walking,
reaching, eating, etc., share a common feature: they are instrumental, or pragmatic

— actions whose primary aim is some physical outcome in the environment (retriev-
ing something, moving somewhere, etc.). However, beyond actions with physical or
pragmatic aims, we also perform actions with other goals. For example, we might act
to communicate with others (e.g., waving or pointing; Royka et al., 2022), to signal
physical or social characteristics (e.g., assuming an aggressive posture, or imitating;
Powell and Spelke, 2018), or even to be creative and act ‘for its own sake’ (e.g.,
dancing; Schachner and Carey, 2013).

Among these broader action classes, an important and understudied example
concerns epistemic or information-seeking actions. For example, someone might
press on a door to figure out whether it is locked, dip their toe into a pool to gauge
its temperature, or shake a box to determine its contents (e.g., a child wondering if
a wrapped-up present contains Lego blocks or a teddy bear). Moreover, the content

of one’s epistemic goal may guide how one fulfills it; for example, one might shake
a box di↵erently to determine the number of objects inside than to determine their
shape, texture, or weight. While such actions also have physical consequences, they
are undertaken in service of a di↵erent goal: acquiring information.

Epistemic actions pervade our lives, and recognizing them does too (e.g., inferring
that a meandering visitor to a college campus is seeking directions, or that a friend
who repeatedly checks shallow drawers and trays is looking for something small, like
keys or earrings). However, they have not received the same scientific attention as
other action classes, despite some work investigating epistemic actions as actually
performed by actors (Kirsh and Maglio, 1994; Burton et al., 1990; though see Droop
and Bramley, 2022; Varga et al., 2021). This raises an intriguing question: Can
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observers tell, just by watching how someone’s body moves, what that person is
trying to learn?

The present experiments: Can you see what I want to know?

Here, we investigate epistemic action understanding, by exploring a case study of
an epistemic behavior: learning about an object by manipulating it with one’s hands.
Our experiments consisted of two phases (Figure 1). First, we filmed volunteers
playing a ‘physics game’: Objects were hidden inside an opaque box, and players
guessed what was inside only by shaking it. Importantly, the game had two rounds:
(1) guessing the number of objects inside the box; (2) guessing the objects’ shape.
Previous work (Burton et al., 1990; Siegel et al., 2021) suggests that players should
succeed at this task — i.e., perform well at guessing the number and shape of the
hidden objects.

The present contribution arises from the second phase. Independent participants
watched videos of the physics game, and were given a new task: to determine which
videos corresponded to which round — i.e., who was shaking for number and who
was shaking for shape. This task requires many layers of physical and psycholog-
ical reasoning: Determining which behaviors correspond to which estimation task
requires understanding which properties can be detected by which interactions (e.g.,
what information is revealed when objects hit the side of a box), which box-shaking
strategies will create such information-revealing interactions, whether the actors un-
derstand these dependencies, etc. If participants succeed, this would suggest that
naive observers can recognize an agent’s epistemic intent, simply by observing the
kinematics of their actions.

Results

Experiment 1 filmed 16 naive participants (‘players’) completing the box-shaking
game. Players approached an opaque box (7.25x7.25x5in) and guessed some prop-
erty of its contents, only by lifting and shaking it. In the Number round, the box
contained several coins (US nickels), and players guessed whether there were 5 or
15. In the Shape round, the box contained a geometric solid (diameter=2in), and
players guessed whether it was a sphere or cube. Contents and round order were
counterbalanced across players. As expected, this task was easy: 100% of players
answered correctly in both rounds.

Next, these videos were uploaded online, where 100 naive participants (‘ob-
servers’) were given a di↵erent task: to determine which videos came from a player’s
Number round and which from their Shape round. On each trial, observers saw two
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Phase 1: Box-Shaking Game 
(videos become the stimulus set for Phase 2)

Which is number? Which is shape?

x5 x15

Phase 2: Action Recognition 
(new subjects evaluate box-shaking videos)

Round 1 
How many?

Round 2 
What shape?

Figure 1: Top: Players were filmed trying to determine the contents of a box (specifically, the

number or shape of the objects inside), only by shaking it. Later experiments vary the box’s

contents. Bottom: Observers watched these videos and judged which came from which round:

Who was shaking for number and who was shaking for shape?
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videos (without audio, and without faces visible) from the same player and made a
two-alternative forced-choice judgment about which was which. Demonstrations are
available at https://perceptionresearch.org/epistemicaction.

Observers succeeded: Mean accuracy was 76.2%, t(99) = 21.24, p < 0.0001, d =
2.12 (Figure 2). Moreover, this success was pervasive: Only 4/100 observers produced
numerically below-chance performance, and nearly all actors (14/16) produced shak-
ing motions that elicited above-chance discrimination in observers. This experiment
thus provided initial evidence that participants inferred epistemic goals from motor
behavior; the box-shaking dynamics allowed observers to determine what someone
was trying to learn.

Experiment 2 further isolated epistemic intent by asking to what extent observers’
success (at determining which video displayed which round) depended on players’
success (at determining the number or shape of the hidden objects). The box-shaking
game was adjusted to elicit a higher error-rate in players, who discriminated between
9, 12, or 16 coins (Number), and a sphere, cylinder, or cube (Shape). As expected,
player accuracy diminished: only 4/18 players guessed correctly in both rounds. 100
new observers participated.

Observers succeeded again: 65.9% accuracy, t(99) = 15.30; p < 0.0001, d = 1.53.
Crucially, all correctness subgroups elicited successful observer performance, includ-
ing videos from players who answered incorrectly in both rounds; t(99) = 16.97, p <
.0001, d = 1.70. Thus, epistemic action understanding does not require the action
to be successful; merely attempting to acquire information produces behaviors that
can signal one’s epistemic goals.

In Experiments 1–2, players’ epistemic intent (determining number vs. shape) was
confounded with the box’s contents (coins vs. one large object); could that explain
observers’ performance? Though this possibility may still implicate sophisticated
action understanding — it is not trivial to infer the contents of a box based only
on observed shaking behaviors (at least for the objects used here) — it would not
implicate epistemic action understanding itself. Experiment 3 thus equated the box’s
contents across rounds. Here, the box always contained 20 small cubes; however, this
was not disclosed to players, who were simply told that the Number round contained
15, 20, or 25 objects, and the Shape round contained spheres, cubes or cylinders. 18
new players and 100 new observers participated.

Observers succeeded again, despite the identical contents: 63.69% accuracy, t(98) =
8.52; p < .0001, d = 0.86. Thus, success in this task goes beyond mere di↵erences in
shaking movements a↵orded by the contents of the box.

Experiments 1–3 gave observers many details about the box-shaking task, in-
cluding a video reenactment of the instructions, the precise quantities and shapes in-
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Figure 2: Observers reliably determined which round they were shown — in other words, they

could tell who was shaking for number and who was shaking for shape. This pattern arose across

observers (with a strong majority performing above chance) and players (with a strong majority

producing shaking motions that elicited above-chance performance in observers).
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volved, and more; is epistemic action understanding possible only under such leading
circumstances? Experiment 4 repeated Experiment 3 with dramatically diminished
instructions: no reenactment, no candidate quantities/shapes, and no information
about the objects’ size/material/weight — just two sentences telling observers that
some players tried to determine the number of objects in a box and some tried to
determine shape. Even with this minimal guidance, observer performance closely
matched Experiment 3: 63.72% accuracy, t(99) = 8.54, p < .0001; d = 0.85.

Finally, Experiment 5 explored epistemic action understanding beyond the forced-
choice context of Experiments 1–4. After watching box-shaking videos from Exper-
iment 3, observers were asked “Why do you think these people were shaking the
boxes?”; then, after a�rming that players were trying to learn something about
the contents, observers were asked about Number videos separately from Shape
videos. An exploratory analysis revealed that 75% of observers answered the first
question by invoking information-seeking, suggesting that these actions are readily
interpreted in terms of epistemic goals, even without prompting. Moreover, 74%
of observers answered the follow-up questions by invoking number or shape, and
were more likely to invoke the correct property for the correct video than vice versa;
�2(1, N = 96) = 16.23, p < .0001). Thus, observers were sensitive to more fine-
grained epistemic goals, even without predetermined responses to choose from.

Discussion

The present work explored epistemic action understanding : Across hundreds of
participants and several variations, naive observers inferred what information another
person was attempting to acquire, only by observing their motor behavior directed
towards a box. This pattern arose for players who correctly and incorrectly guessed
the box’s contents, with diminished information about players’ task, and with the
box’s contents equated. These results were robust: most players produced shaking
motions that di↵ered systematically across rounds (number vs. shape), and most
observers determined which shaking motions corresponded to which epistemic goals.
Finally, though our task placed constraints on both players and observers, these ef-
fects nevertheless emerged under fairly naturalistic conditions: Our experiments used
real-life videos of ordinary people genuinely attempting to learn something (rather
than, e.g., trained actors, synthetic animations, point-light displays, or photographs;
cf. Droop and Bramley, 2022; Varga et al., 2021), and our observers were naive
participants without any training or feedback.

These results suggest that observers can visually recognize not only what someone
wants to do, but also what someone wants to know. While it has been demonstrated
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that observers can infer someone’s instrumental or pragmatic goals from their be-
havior — and make further inferences about higher-level mental states (Blakemore
and Decety, 2001; Hafri et al., 2013; Runeson and Frykholm, 1983; Isik et al., 2018;
Patel et al., 2012; Baker et al., 2017; Liu et al., 2017) — the present work goes fur-
ther in demonstrating that epistemic goals can be inferred from visual observation.
Moreover, our observers showed sensitivity to finer-grained content of these goals, in
ways that go beyond simpler forms of perceptual knowledge attribution (e.g., under-
standing that seeing leads to knowing). These findings also complement recent work
investigating other action classes, including communicative (Royka et al., 2022) and
a�liative (Powell and Spelke, 2018) actions, as well as actions taken ‘for their own
sake’ (Schachner and Carey, 2013).

This work opens the door to future research on epistemic action understanding.
Visual inspection of the box-shaking videos suggests clear strategic di↵erences by
round, with players often shaking up-and-down for Number and tilting side-to-side
for Shape; precisely characterizing such patterns — including their stability over
task constraints such as the material(s) of the objects and the box — could be
an interesting challenge for computer vision systems operating on human kinematic
data (Kong and Fu, 2022). A model that formalizes how observers leverage physical
knowledge to infer epistemic intent could also contribute to computational work on
intuitive mentalizing (Baker et al., 2017; Liu et al., 2017).

Future work might also explore the developmental trajectory of these abilities,
asking when epistemic action understanding emerges ontogenetically and whether it
arises along with other mentalizing abilities (Varga et al., 2021; Gergely and Csibra,
1997). Another natural extension would be to explore other epistemic actions, such
as those mentioned in the Introduction (e.g., inferring what kind of object someone is
seeking by the size and shape of the containers they search). Finally, while the present
work explored sensitivity to one epistemic goal rather than another (determining
number vs. shape), one could also probe sensitivity to epistemic goals as opposed

to pragmatic goals — e.g., navigating an environment to reach a destination vs. to
scout the terrain.

Beyond these directions, the present work makes explicit that what someone is
attempting to know, not just what someone is attempting to do, may be an important
(and neglected) aspect of human cognition worth exploring in many domains.

Methods

Supplementary methods appear in SI Appendix. Studies were approved by the
JHU IRB; observers and players provided informed consent.
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6, $SSHQGL[� 0DWHULDOV DQG 0HWKRGV

+HUH� ZH SURYLGH GHWDLOHG GHVFULSWLRQV RI WKH PHWKRGV� DQDO\VHV DQG UHVXOWV IRU HDFK RI WKH ILYH
H[SHULPHQWV UHSRUWHG LQ WKH PDLQ WH[W� 5HDGHUV FDQ DOVR H[SHULHQFH DOO H[SHULPHQWV IRU
WKHPVHOYHV DW KWWSV���SHUFHSWLRQUHVHDUFK�RUJ�HSLVWHPLFDFWLRQ��

*HQHUDO 0HWKRGV

2SHQ 6FLHQFH 3UDFWLFHV
6DPSOH VL]HV� H[FOXVLRQ FULWHULD� DQDO\VHV� DQG NH\ H[SHULPHQWDO SDUDPHWHUV UHSRUWHG KHUH ZHUH
SUH�UHJLVWHUHG IRU ([SHULPHQWV �±�� ([SHULPHQW � ZDV H[SORUDWRU\� 'DWD� DQDO\VHV� VWLPXOL DQG
SUH�UHJLVWUDWLRQV DUH SXEOLFO\ DYDLODEOH DW KWWSV���RVI�LR�ZQGNJ��

3DUWLFLSDQWV

3OD\HUV
$OO SOD\HUV LQ WKH ER[�VKDNLQJ JDPH ZHUH PHPEHUV RI WKH -RKQV +RSNLQV 8QLYHUVLW\ FRPPXQLW\�
([SHULPHQW � UHFUXLWHG �� SOD\HUV DQG ([SHULPHQWV � DQG � UHFUXLWHG �� SOD\HUV HDFK ���
GLVWLQFW SOD\HUV WRWDO�� ZLWK WKH VDPH SOD\HUV¶ YLGHRV IURP ([SHULPHQW � XVHG LQ ([SHULPHQWV �
DQG �� 9LGHRV IURP � DGGLWLRQDO SOD\HUV ZHUH XVHG IRU LQVWUXFWLRQDO SXUSRVHV GXULQJ HDFK
H[SHULPHQW� EXW ZHUH QRW VKRZQ GXULQJ H[SHULPHQWDO WULDOV� 3OD\HUV DFURVV DOO H[SHULPHQWV
YDULHG E\ JHQGHU� UDFH DQG ERG\�W\SH�

2EVHUYHUV
$OO REVHUYHUV ZHUH DGXOWV UHFUXLWHG IURP WKH RQOLQH SODWIRUP 3UROLILF� ([SHULPHQWV �±� HDFK
UHFUXLWHG ��� GLIIHUHQW REVHUYHUV ���� REVHUYHUV WRWDO��

$OO H[SHULPHQWV ZHUH DSSURYHG E\ WKH +RPHZRRG ,QVWLWXWLRQDO 5HYLHZ %RDUG RI -RKQV +RSNLQV
8QLYHUVLW\� 3OD\HUV DQG REVHUYHUV JDYH LQIRUPHG FRQVHQW� DQG ZHUH PRQHWDULO\ FRPSHQVDWHG IRU
WKHLU SDUWLFLSDWLRQ�

6WLPXOL
$OO VWLPXOL LQ WKH H[SHULPHQW ZHUH YLGHRV RI SOD\HUV FRPSOHWLQJ RXU ER[�VKDNLQJ JDPH� 9LGHRV
ZHUH UHFRUGHG XVLQJ D &DQRQ (26 0�� PRXQWHG RQ D WULSRG DW ����S DQG �� IUDPHV SHU
VHFRQG� (DFK YLGHR ZDV SUHVHQWHG WR REVHUYHUV ZLWKRXW DXGLR� DQG ZLWK RQO\ WKH WRUVR DQG DUPV
RI WKH SOD\HU YLVLEOH� 7KH ER[ XVHG LQ DOO H[SHULPHQWV ZDV ���� [ ���� [ � LQFKHV� 7ZR SLHFHV RI
SKRWR�UHIOHFWLYH WDSH LQ WKH VKDSH RI D FURVV ZHUH DGKHUHG WR WKH IURQW IDFH RI WKH ER[ WR
IDFLOLWDWH SHUFHSWLRQ RI SLWFK DQG \DZ�

3URFHGXUH

%R[�VKDNLQJ JDPH
3OD\HUV ZHUH LQVWUXFWHG WR VKDNH WKH ER[ DQG JXHVV VRPH SURSHUW\ RI WKH FRQWHQWV LQVLGH
�QXPEHU RU VKDSH�� 7KH\ ZHUH WROG LQ DGYDQFH WKDW WKHUH ZRXOG EH WZR URXQGV� EXW ZHUH RQO\
WROG WKH SURSHUW\ RI LQWHUHVW EHIRUH WKDW SDUWLFXODU URXQG� 3OD\HUV ZHUH LQVWUXFWHG WR VKDNH LQ
ZKLFKHYHU ZD\ IHOW PRVW QDWXUDO IRU DQVZHULQJ WKH TXHVWLRQ WKH\ ZHUH DVNHG� DV ORQJ DV WKH\
NHSW WKH IURQW RI WKH ER[ ZLWKLQ IUDPH� 3OD\HUV ZHUH DOVR HQFRXUDJHG QRW WR VKDNH IRU ORQJHU
WKDQ �� VHFRQGV� WKRXJK WKLV OLPLW ZDV QRW HQIRUFHG� (DFK SOD\HU FRPSOHWHG ERWK URXQGV RI WKH
JDPH� WKH RUGHU RI WKH URXQGV� DV ZHOO DV WKH FRQWHQWV RI WKH ER[� ZHUH FRXQWHUEDODQFHG DFURVV
SOD\HUV�

�
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$FWLRQ�UHFRJQLWLRQ WDVN
2EVHUYHUV LQ ([SHULPHQWV �±� ZHUH LQWURGXFHG WR WKH UXOHV RI WKH ER[�VKDNLQJ JDPH� LQFOXGLQJ
WKH WZR SURSHUWLHV RI LQWHUHVW IURP WKH WZR URXQGV �QXPEHU DQG VKDSH�� 7KH\ ZHUH WKHQ JLYHQ
WKH IROORZLQJ LQVWUXFWLRQ�

<RXU JRDO LV WR ıJXUH RXW ZKLFK URXQG LV ZKLFK� ,Q RWKHU ZRUGV� \RX ZLOO SLFN RXW ZKLFK
YLGHRV VKRZ VRPHRQH WU\LQJ WR JXHVV WKH QXPEHU RI REMHFWV LQVLGH WKH ER[� DQG ZKLFK
YLGHRV VKRZ VRPHRQH WU\LQJ WR JXHVV WKH VKDSH RI DQ REMHFW LQVLGH WKH ER[�

2Q HDFK WULDO� D QXPEHU YLGHR DQG D VKDSH YLGHR IURP WKH VDPH SOD\HU DSSHDUHG VLGH�E\�VLGH
RQ D VLQJOH GLVSOD\� (DFK YLGHR ZDV HGLWHG VXFK WKDW LW EHJDQ ZLWK WKH ER[ VLWWLQJ RQ D WDEOH LQ
IURQW RI WKH SOD\HU� DIWHU ZKLFK WKH SOD\HU FRXOG EH VHHQ SLFNLQJ XS WKH ER[ DQG VKDNLQJ LW WR
JXHVV LWV FRQWHQWV� 7KH YLGHRV FRQFOXGHG ZKHQ WKH YROXQWHHU UHWXUQHG WKH ER[ WR WKH RULJLQDO
ORFDWLRQ RQ WKH WDEOH LQ IURQW RI WKHP� 2QO\ WKH WRUVR DQG DUPV RI WKH SOD\HUV ZHUH YLVLEOH LQ HDFK
YLGHR� DQG WKH\ ZHUH SOD\HG ZLWKRXW DXGLR� 2EVHUYHUV FRXOG SOD\ WKH YLGHRV DV PDQ\ WLPHV DV
WKH\ OLNHG� EXW KDG WR SOD\ HDFK YLGHR DW OHDVW RQFH LQ RUGHU WR JLYH WKHLU UHVSRQVH� 7KH YLGHRV
KDG DQ DYHUDJH GXUDWLRQ RI � VHFRQGV� IXUWKHU LQIRUPDWLRQ DERXW YLGHR OHQJWK LV DYDLODEOH LQ RXU
GDWD DUFKLYH� DQG DQDO\VHV RI YLGHR OHQJWK DSSHDU EHORZ�

([SHULPHQWV � DQG � YDULHG WKH LQVWUXFWLRQV DQG UHVSRQVH PHWKRG� VHH EHORZ IRU PRUH GHWDLO�

([SHULPHQW �� (DV\ 'LVFULPLQDWLRQV
7KLV H[SHULPHQW SUHVHQWV REVHUYHUV ZLWK YLGHRV RI SOD\HUV PDNLQJ HDV\ GLVFULPLQDWLRQV LQ WKH
ER[�VKDNLQJ JDPH� µ(DV\¶ KHUH LV UHIOHFWHG LQ SOD\HUV¶ VXFFHVV UDWH LQ JXHVVLQJ WKH FRQWHQWV RI
WKH ER[ DIWHU VKDNLQJ� ,Q ([SHULPHQW �� ���� RI SOD\HUV FRUUHFWO\ JXHVVHG WKH FRQWHQWV RI WKH
ER[ LQ ERWK WKH VKDSH URXQG DQG WKH QXPEHU URXQG�

%R[�6KDNLQJ *DPH
,Q ([SHULPHQW �� WKH FRQWHQWV RI WKH ER[ LQ HDFK URXQG ZHUH DV IROORZV� LQ WKH QXPEHU URXQG�
WKH ER[ FRXOG FRQWDLQ HLWKHU � RU �� FRLQV �86 QLFNHOV�� LQ WKH VKDSH URXQG� WKH ER[ FRXOG
FRQWDLQ HLWKHU RI WZR VROLG ZRRGHQ VKDSHV� D VSKHUH ��LQ GLDPHWHU� RU FXEH ��LQ OHQJWK��

$QDO\VHV DQG 5HVXOWV
0HDQ REVHUYHU DFFXUDF\ ZDV ������ W���� ������ S�������� G ����� 7KXV� REVHUYHUV FRXOG WHOO�
RQ DYHUDJH� ZKR ZDV VKDNLQJ IRU QXPEHU DQG ZKR ZDV VKDNLQJ IRU VKDSH�

,Q D VXSSOHPHQWDU\ DQDO\VLV� ZH DVNHG ZKHWKHU YLGHR OHQJWK FRXOG EH WKH VRXUFH RI REVHUYHUV¶
VXFFHVVIXO SHUIRUPDQFH� )RU H[DPSOH� LI LW WXUQV RXW WKDW SOD\HUV WHQGHG WR VKDNH ORQJHU IRU
VKDSH WKDQ IRU QXPEHU� DQG REVHUYHUV KDG VRPH LQVLJKW RU LQWXLWLRQV DERXW WKLV UHODWLRQVKLS�
WKHQ SHUKDSV REVHUYHUV FRXOG VXFFHHG MXVW E\ SLFNLQJ ³VKDSH´ IRU WKH ORQJHU RI WKH WZR YLGHRV
RQ HDFK WULDO� 7R UXOH RXW WKLV SRVVLELOLW\� ZH GLYLGHG SOD\HUV LQWR WZR JURXSV� 7KRVH ZKR VKRRN
ORQJHU IRU QXPEHU WKDQ IRU VKDSH� DQG WKRVH ZKR VKRRN ORQJHU IRU VKDSH WKDQ IRU QXPEHU�
5HVXOWV VKRZHG WKDW REVHUYHU SHUIRUPDQFH ZDV VLJQLILFDQWO\ DERYH FKDQFH IRU ERWK RI WKHVH
SOD\HU JURXSV¶ YLGHRV� W���� ������ S�������� G ����� W���� ����� S�������� G ����� 7KLV
PHDQV WKDW REVHUYHUV¶ VXFFHVV FDQQRW EH H[SODLQHG PHUHO\ E\ YLGHR OHQJWK�

�



([SHULPHQW �� +DUG 'LVFULPLQDWLRQV
7KLV H[SHULPHQW SUHVHQWV REVHUYHUV ZLWK YLGHRV RI SOD\HUV PDNLQJ KDUG GLVFULPLQDWLRQV LQ WKH
ER[�VKDNLQJ JDPH� µ+DUG¶ KHUH LV UHIOHFWHG LQ SOD\HUV¶ VXFFHVV UDWH LQ JXHVVLQJ WKH FRQWHQWV RI
WKH ER[ DIWHU VKDNLQJ� :KHUHDV DOO SOD\HUV LQ ([SHULPHQW � DQVZHUHG FRUUHFWO\ RQ ERWK URXQGV�
RQO\ ���� ����� SOD\HUV LQ ([SHULPHQW � FRUUHFWO\ JXHVVHG WKH FRQWHQWV RI WKH ER[ LQ ERWK
URXQGV� ����� ����� SOD\HUV FRUUHFWO\ JXHVVHG WKH FRQWHQWV RI WKH ER[ LQ RQO\ RQH URXQG� DQG
���� ����� SOD\HUV JXHVVHG LQFRUUHFWO\ LQ ERWK URXQGV�

%R[�6KDNLQJ *DPH
,Q ([SHULPHQW �� WKH FRQWHQWV RI WKH ER[ LQ HDFK URXQG ZHUH DV IROORZV� LQ WKH QXPEHU URXQG�
WKH ER[ FRXOG FRQWDLQ HLWKHU �� �� RU �� FRLQV �86 QLFNHOV�� LQ WKH VKDSH URXQG� WKH ER[ FRXOG
FRQWDLQ HLWKHU RI WKUHH VROLG ZRRGHQ VKDSHV� D VSKHUH ��LQ GLDPHWHU�� D FXEH ��LQ OHQJWK� RU D
F\OLQGHU ��LQ GLDPHWHU� �LQ KHLJKW��

$QDO\VHV DQG 5HVXOWV
0HDQ REVHUYHU DFFXUDF\ ZDV ������ W���� ������ S�������� G ����� 7KXV� REVHUYHUV FRXOG WHOO�
RQ DYHUDJH� ZKR ZDV VKDNLQJ IRU QXPEHU DQG ZKR ZDV VKDNLQJ IRU VKDSH� &UXFLDOO\�
SHUIRUPDQFH ZDV VLJQLILFDQWO\ DERYH FKDQFH LQ DOO FRUUHFWQHVV VXEJURXSV� LQFOXGLQJ YLGHRV IURP
SOD\HUV ZKR DQVZHUHG LQFRUUHFWO\ LQ ERWK URXQGV� W���� ������ S������� G ����� 7KLV UHVXOW
VXJJHVWV WKDW HSLVWHPLF DFWLRQ XQGHUVWDQGLQJ GRHV QRW UHTXLUH WKH DFWLRQ LWVHOI WR EH VXFFHVVIXO�

:H DJDLQ YHULILHG WKDW YLGHR OHQJWK FRXOG QRW H[SODLQ WKH UHVXOWV� ,QGHHG� ERWK JURXSV �QXPEHU
ORQJHU WKDQ VKDSH� DQG VKDSH ORQJHU WKDQ QXPEHU� SURGXFHG VLJQLILFDQWO\ DERYH�FKDQFH
SHUIRUPDQFH LQ REVHUYHUV� W���� ������ S������� G ����� W���� ����� S������� G �����

([SHULPHQW �� 6DPH 2EMHFWV
7KLV H[SHULPHQW FRQWUROV IRU WKH FRQWHQWV RI WKH ER[ LWVHOI� E\ DOZD\V LQFOXGLQJ WKH YHU\ VDPH
REMHFWV LQ WKH ER[ LQ ERWK URXQGV RI WKH ER[�VKDNLQJ JDPH�

%R[�6KDNLQJ *DPH
+HUH� WKH ER[ DOZD\V FRQWDLQHG �� VPDOO ZRRGHQ FXEHV ��LQ OHQJWK��

,Q WKH 1XPEHU URXQG� SOD\HUV ZHUH WROG WKDW ³WKH ER[ FRQWDLQV VRPH ZRRGHQ REMHFWV RI WKH
VDPH VL]H� DQG ZH ZDQW \RX WR WHOO XV KRZ PDQ\ REMHFWV DUH LQ WKH ER[� 7KHUH FRXOG EH ��� ���
RU �� REMHFWV LQ WKH ER[´�

,Q WKH 6KDSH URXQG� SOD\HUV ZHUH WROG� ³WKH ER[ FRQWDLQV VRPH ZRRGHQ REMHFWV RI WKH VDPH
VL]H� DQG ZH ZDQW \RX WR WHOO XV ZKDW WKH VKDSHV RI WKH REMHFWV DUH� $OO WKH REMHFWV KDYH WKH
VDPH VKDSH� DQG WKDW VKDSH FRXOG EH HLWKHU FXEHV� VSKHUHV� RU F\OLQGHUV´�

$QDO\VHV DQG 5HVXOWV
0HDQ DFFXUDF\ ZDV ������� W���� ����� S������� G ����� 7KXV� VXFFHVV LQ WKLV WDVN JRHV
EH\RQG PHUH GLIIHUHQFHV LQ VKDNLQJ PRYHPHQWV DIIRUGHG E\ WKH FRQWHQWV RI WKH ER[� UHIOHFWLQJ
HSLVWHPLF LQWHQW SHU VH�

:H RQFH DJDLQ YHULILHG WKDW YLGHR OHQJWK FRXOG QRW H[SODLQ WKH UHVXOWV� ,QGHHG� ERWK JURXSV
�QXPEHU ORQJHU WKDQ VKDSH� DQG VKDSH ORQJHU WKDQ QXPEHU� SURGXFHG VLJQLILFDQWO\
DERYH�FKDQFH SHUIRUPDQFH LQ REVHUYHUV� W���� ����� S������ G ����� W���� ����� S�������
G �����

�



([SHULPHQW �� 0LQLPDO ,QVWUXFWLRQV
7KLV H[SHULPHQW LV LGHQWLFDO WR ([SHULPHQW � H[FHSW WKDW LW GUDPDWLFDOO\ UHGXFHV WKH LQIRUPDWLRQ
JLYHQ WR REVHUYHUV DERXW WKH ER[�VKDNLQJ WDVN�

([SHULPHQWV �±� SURYLGHG REVHUYHUV ZLWK �D� D YLGHR UHHQDFWPHQW RI WKH LQVWUXFWLRQV JLYHQ WR
SOD\HUV� �E� LQIRUPDWLRQ DERXW WKH SUHFLVH TXDQWLWLHV DQG VKDSHV WKDW WKH SOD\HUV ZHUH
GLVFULPLQDWLQJ EHWZHHQ �H�J�� LQIRUPLQJ REVHUYHUV WKDW SOD\HUV KDG WR GHWHUPLQH ZKHWKHU WKHUH
ZHUH �� ��� RU �� FRLQV LQ ([SHULPHQW ��� DQG �F� VDPSOH SKRWRJUDSKV RI WKH ER[¶V SRVVLEOH
FRQWHQWV� ZKLFK UHYHDOHG WKH VL]H� PDWHULDO� DQG YDULRXV RWKHU SURSHUWLHV RI WKH REMHFWV
FRQWDLQHG LQVLGH WKH ER[�

%\ FRQWUDVW� ([SHULPHQW � FRPSOHWHO\ HOLPLQDWHG �D�� �E�� DQG �F�� LQVWHDG SURYLGLQJ REVHUYHUV
RQO\ WKH IROORZLQJ SDUDJUDSK RI LQVWUXFWLRQ�

,Q WKLV H[SHULPHQW� \RX ZLOO VHH YLGHRV RI SHRSOH WU\LQJ WR ILJXUH RXW ZKDW
V LQVLGH D ER[
E\ VKDNLQJ LW� (DFK WULDO ZLOO KDYH WZR YLGHRV IURP WKH VDPH SHUVRQ� 2QH YLGHR LQ ZKLFK
WKH SHUVRQ LV WU\LQJ WR ILJXUH RXW WKH QXPEHU RI REMHFWV LQ WKH ER[� DQG RQH YLGHR LQ
ZKLFK WKH SHUVRQ LV WU\LQJ WR ILJXUH RXW WKH VKDSH RI WKH REMHFWV LQ WKH ER[� <RXU MRE LV WR
ILJXUH RXW ZKLFK YLGHR LV ZKLFK� :KLFK YLGHRV VKRZ VRPHRQH VKDNLQJ IRU QXPEHU DQG
ZKLFK YLGHRV VKRZ VRPHRQH VKDNLQJ IRU VKDSH"

$QDO\VHV DQG 5HVXOWV
0HDQ DFFXUDF\ ZDV ������� W���� ����� S������� G ����� 7KHVH UHVXOWV� HVVHQWLDOO\ LGHQWLFDO WR
WKRVH RI ([SHULPHQW �� UHYHDO WKDW OHDGLQJ RU KHDY\�KDQGHG LQVWUXFWLRQV WR REVHUYHUV DUH QRW
FULWLFDO �DQG PD\ FRQWULEXWH OLWWOH� LI DQ\WKLQJ� WR RYHUDOO VXFFHVV LQ WKLV WDVN�

:H RQFH DJDLQ YHULILHG WKDW YLGHR OHQJWK FRXOG QRW H[SODLQ WKH UHVXOWV� ,QGHHG� ERWK JURXSV
�QXPEHU ORQJHU WKDQ VKDSH� DQG VKDSH ORQJHU WKDQ QXPEHU� SURGXFHG VLJQLILFDQWO\
DERYH�FKDQFH SHUIRUPDQFH LQ REVHUYHUV� W���� ����� S������� G ����� W���� ����� S�������
G �����

([SHULPHQW �� )UHH 5HVSRQVHV
([SHULPHQW � DVNHG ZKHWKHU HSLVWHPLF DFWLRQ XQGHUVWDQGLQJ FDQ DULVH RXWVLGH RI WKH
IRUFHG�FKRLFH FRQWH[W RI ([SHULPHQWV �±�� :KHUHDV DOO SUHYLRXV H[SHULPHQWV ZHUH
SUH�UHJLVWHUHG� WKLV H[SHULPHQW ZDV H[SORUDWRU\�

3URFHGXUH
2EVHUYHUV VDZ VL[ YLGHRV IURP ([SHULPHQW � �RQH 1XPEHU YLGHR DQG RQH 6KDSH YLGHR IURP
HDFK RI WKUHH SOD\HUV�� 2EVHUYHUV ZHUH WKHQ DVNHG WZR IUHH�UHVSRQVH TXHVWLRQV� GHVLJQHG WR
GHWHUPLQH ��� ZKHWKHU WKH YLGHRV ZHUH UHDGLO\ LQWHUSUHWHG LQ WHUPV RI LQIRUPDWLRQ�VHHNLQJ� HYHQ
ZLWKRXW SURPSWLQJ� DQG ��� ZKHWKHU REVHUYHUV ZRXOG JHQHUDWH ³QXPEHU´ DQG ³VKDSH´ DV
SURSHUWLHV RI LQWHUHVW� DQG DVVRFLDWH WKHP ZLWK WKH FRUUHFW YLGHRV DW UDWHV UHOLDEO\ DERYH FKDQFH�

4XHVWLRQ �� $IWHU ZDWFKLQJ DOO VL[ YLGHRV� REVHUYHUV ZHUH DVNHG�

�



:K\ GR \RX WKLQN WKHVH SHRSOH ZHUH VKDNLQJ WKH ER[HV" :KDW GR \RX WKLQN WKHLU JRDO
ZDV" 3OHDVH DQVZHU LQ DW OHDVW WKUHH VHQWHQFHV� 7KLV LVQ¶W D WULFN TXHVWLRQ RU DQ\WKLQJ
OLNH WKDW� MXVW VD\ ZKDW \RX WKLQN�

7KH SXUSRVH RI 4XHVWLRQ � ZDV WR GHWHUPLQH ZKHWKHU REVHUYHUV LQWHUSUHWHG WKH ER[�VKDNLQJ
EHKDYLRUV LQ WHUPV RI VRPH HSLVWHPLF JRDO �UHJDUGOHVV RI ZKDW WKDW JRDO PLJKW EH�� UDWKHU WKDQ
�RU LQ DGGLWLRQ WR� PRUH SUDJPDWLF RU LQVWUXPHQWDO JRDOV�

4XHVWLRQ �� 1H[W� REVHUYHUV ZHUH VKRZQ WKH VDPH YLGHRV DJDLQ� 7KH WKUHH 1XPEHU YLGHRV KDG
EHHQ RXWOLQHG LQ EOXH� DQG WKH WKUHH 6KDSH YLGHRV KDG EHHQ RXWOLQHG LQ UHG� 2EVHUYHUV ZHUH WROG
WKDW WKH ER[ FRQWDLQHG KLGGHQ REMHFWV WKDW WKH SOD\HUV ZHUH WU\LQJ WR OHDUQ DERXW �WKRXJK PRVW
REVHUYHUV KDG DOUHDG\ UHDFKHG WKDW FRQFOXVLRQ�� DQG WKDW WKH SHRSOH LQ WKH EOXH DQG UHG YLGHRV
ZHUH DVNHG FHUWDLQ TXHVWLRQV DERXW WKH REMHFWV LQ WKH ER[� 2EVHUYHUV ZHUH WKHQ DVNHG�

:KDW GR \RX WKLQN WKH SHRSOH LQ WKH EOXH YLGHRV ZHUH DVNHG DERXW WKH REMHFWV LQ WKH
ER[" <RX FRXOG DQVZHU OLNH WKLV� µ7KH\ ZHUH WU\LQJ WR ILJXUH RXW BBBBB ¶

DV ZHOO DV�

:KDW GR \RX WKLQN WKH SHRSOH LQ WKH UHG YLGHRV ZHUH DVNHG DERXW WKH REMHFWV LQ WKH ER["
<RX FRXOG DQVZHU OLNH WKLV� µ7KH\ ZHUH WU\LQJ WR ILJXUH RXW BBBBB ¶´�

7KH SXUSRVH RI WKLV TXHVWLRQ ZDV WR VHH ZKHWKHU REVHUYHUV ZRXOG PHQWLRQ QXPEHU DQG�RU
VKDSH LQ WKHLU UHVSRQVHV� DQG LI WKH\ ZRXOG EH PRUH OLNHO\ WR LQYRNH WKRVH SURSHUWLHV IRU WKH
FRUUHFW YLGHRV WKDQ IRU WKH LQFRUUHFW YLGHRV�

$QDO\VLV DQG 5HVXOWV
$V QRWHG LQ WKH PDLQ WH[W� WKLV H[SHULPHQW ZDV H[SORUDWRU\� +RZHYHU� WKH DSSURDFK ZH WRRN WR
FRGLQJ REVHUYHUV¶ IUHH�UHVSRQVH DQVZHUV ZDV DOJRULWKPLF� LQIRUPHG E\ D SLORW VWXG\� 8VLQJ
UHVSRQVHV IURP WKDW VWXG\� ZH FKRVH NH\ WHUPV DQG SKUDVHV WKDW LQGLFDWHG LQIRUPDWLRQ�VHHNLQJ
JRDOV �IRU 4XHVWLRQ �� DQG 1XPEHU�6KDSH �IRU 4XHVWLRQ ��� WKHQ VHDUFKHG WKH WH[W RI WKH
IUHH�UHVSRQVH DQVZHUV IRU WKHVH WHUPV�

4XHVWLRQ �� 7KH SKUDVHV ZH WRRN WR LQGLFDWH LQIRUPDWLRQ�VHHNLQJ JRDOV LQFOXGHG ³GHWHUPLQH´�
³ILJXUH RXW´� ³ILQG RXW´� ³JXHVV´� DQG V\QRQ\PV RI WKHVH SKUDVHV �PRUH GHWDLO DERXW WKLV DQDO\VLV
DSSHDUV LQ RXU GDWD DUFKLYH�� ,QGHHG� D VWURQJ PDMRULW\ RI REVHUYHUV ������� XVHG RQH RU PRUH
RI WKHVH WHUPV LQ WKHLU IUHH UHVSRQVHV� 5HSUHVHQWDWLYH H[DPSOHV LQFOXGH�

� ,W ORRNV OLNH WKH\ DUH WU\LQJ WR JXHVV ZKDW LV LQ WKH ER[� ,W UHPLQGV PH RI &KULVWPDV HYH
ZKHQ HYHU\RQH LV WU\LQJ WR VHH ZKDW SUHVHQW WKH\ JRW� 7KHLU JRDO ZDV WR FRUUHFWO\ JXHVV
ZKDW LV LQ WKH ER[ E\ VKDNLQJ LW DURXQG WU\LQJ WR JHW KLQWV�

� 7KH\ DUH SUREDEO\ WU\LQJ WR ILJXUH RXW ZKDW NLQG RI REMHFW LV LQVLGH RI WKH ER[�
� 7KH\ ZHUH WU\LQJ WR JHW DQ LGHD RI ZKDW ZDV LQVLGH�
� , WKLQN WKH\ DUH VKDNLQJ WKH ER[HV WR ILJXUH RXW ZKDW W\SH RI REMHFW LV LQ LW�
� ,GHQWLI\ ZKDW WKH ER[ PD\ FRQWDLQ� VXFK DV FRLQV� VRPH FDQGLHV� EDOOV� DPRQJ RWKHU

WKLQJV�
� 7KH\ ZHUH WU\LQJ WR ILQG RXW ZKDW ZDV LQVLGH� 7KH\ ZHUH VKDNLQJ LW WR OLVWHQ ZKLOH DOVR

LQVSHFWLQJ WKH VLGHV� 7KH\ ZHUH KRSLQJ WR EH DEOH WR JXHVV�
� 7KH\ DUH WU\LQJ WR ILQG RXW ZKDW LV LQ WKH ER[� ,W FRXOG EH KRZ PDQ\ REMHFWV DUH LQ WKH

ER[� ,W FRXOG DOVR EH ZKDW VKDSH LV WKH REMHFW LQ WKH ER[�

�



+RZHYHU� ����� RI REVHUYHUV GLG QRW LQYRNH HSLVWHPLF QRWLRQV VXFK DV WKHVH� 5HSUHVHQWDWLYH
H[DPSOHV RI QRQ�HSLVWHPLF UHVSRQVHV LQFOXGH�

� 7R PH WKH SHRSOH VHHPHG WR EH FDUHIXOO\ VKDNLQJ WKH ER[HV DURXQG� 0D\EH LWV SRVVLEOH
WKH\ ZHUH WU\LQJ WR PL[ WRJHWKHU ZKDWHYHU ZDV LQVLGH� ,WV OLNH WKH\ GLGQW ZDQW WR IRUFHIXOO\
PL[ XS WKH FRQWHQWV EXW GR LW JHQWO\�

� 7KHUH ZDV RQH WKLQJ WKDW NHSW SRSSLQJ XS LQ P\ PLQG� ,W ORRNV WR PH OLNH WKH\ DUH
VKDNLQJ FUDFNHG HJJV� ,W ORRNV OLNH WKH\ DUH PL[LQJ XS WKH HJJ \RONV DQG ZKLWHV�

4XHVWLRQ �� 7KH SKUDVHV ZH WRRN WR LQGLFDWH LQIRUPDWLRQ�VHHNLQJ DERXW 1XPEHU LQFOXGHG
³QXPEHU´� ³KRZ PDQ\´� ³DPRXQW´� SDUWLFXODU QXPEHUV� DQG V\QRQ\PV RI WKHVH SKUDVHV� WKH
SKUDVHV ZH WRRN WR LQGLFDWH LQIRUPDWLRQ�VHHNLQJ DERXW 6KDSH LQFOXGHG ³VKDSH´� ³GLPHQVLRQ´�
SURSHUWLHV RI VKDSHV �H�J�� ³URXQG´�� DQG V\QRQ\PV RI WKHVH SKUDVHV �PRUH GHWDLO DERXW WKLV
DQDO\VLV DSSHDUV LQ RXU GDWD DUFKLYH�� ,QGHHG� D VWURQJ PDMRULW\ RI REVHUYHUV ������� PHQWLRQHG
WKHVH WHUPV LQ WKHLU IUHH UHVSRQVHV DERXW WKH EOXH DQG UHG YLGHRV� 5HSUHVHQWDWLYH H[DPSOHV
LQFOXGH�

1XPEHU
� 7KH\ ZHUH WU\LQJ WR ILJXUH RXW KRZ PDQ\ REMHFWV ZHUH LQ WKH ER[�
� , WKLQN PD\EH WKH SHRSOH LQ WKH EOXH YLGHRV ZHUH WROG WR JXHVV WKH DPRXQW RI LWHPV LQ WKH

ER[�
� 7KH\ ZHUH WU\LQJ WR ILJXUH RXW KRZ PXFK ZDV LQ WKH ER[�
� 7KH\ ZHUH WU\LQJ WR ILJXUH RXW WKH QXPEHU RI REMHFWV LQ WKH ER[�

6KDSH
� 7KH\ ZHUH WU\LQJ WR ILJXUH RXW ZKDW VKDSH WKH REMHFWV DUH LQ WKH ER[�
� WKH\ ZHUH WU\LQJ WR ILJXUH RXW WKH VKDSH RI LWHPV LQVLGH WKH ER[�
� 7KH\ ZHUH WU\LQJ WR ILJXUH RXW ZKDW WKH VKDSH RI WKH REMHFWV ZHUH E\ VKDNLQJ LW�
� 7KH\ ZHUH WU\LQJ WR ILJXUH RXW WKH VKDSH RI WKH REMHFWV LQ WKH ER[ �H�J� FXEHV RU VSKHUHV��

$ PLQRULW\ RI REVHUYHUV ������� PHQWLRQHG QHLWKHU QXPEHU QRU VKDSH LQ WKHLU UHVSRQVHV�
5HSUHVHQWDWLYH H[DPSOHV RI WKRVH DQVZHUV LQFOXGH�

� LI WKH REMHFW ZDV OLTXLG RU VROLG�
� :KDW WKH REMHFW LQ WKH ER[ ZHLJKV�
� KRZ WR JHW WKH REMHFW WR FRPH RXW WKURXJK WKH KROH E\ UROOLQJ WKH REMHFW DURXQG LQVLGH WKH

ER[�

2I FRXUVH� VRPH REVHUYHUV PHQWLRQHG VKDSH IRU WKH 1XPEHU YLGHRV� DQG VRPH REVHUYHUV
PHQWLRQHG QXPEHU IRU WKH 6KDSH YLGHRV �MXVW DV VRPH REVHUYHUV DQVZHUHG LQFRUUHFWO\ XQGHU
WKH IRUFHG�FKRLFH FRQGLWLRQV RI ([SHULPHQWV �±��� +RZHYHU� DQG FUXFLDOO\ IRU RXU SXUSRVHV�
REVHUYHUV ZHUH PXFK PRUH OLNHO\ WKDQ FKDQFH WR LQYRNH QXPEHU IRU WKH 1XPEHU YLGHRV DQG
VKDSH IRU WKH 6KDSH YLGHRV� DV UHYHDOHG E\ D FKL�VTXDUH WHVW RYHU WKH IUHTXHQFLHV RI HDFK
UHVSRQVH IRU HDFK YLGHR� Ȥ����1 ��� ������ S�������� 7KXV� REVHUYHUV GHPRQVWUDWHG
VHQVLWLYLW\ WR WKH SDUWLFXODU FRQWHQW RI SOD\HUV¶ HSLVWHPLF JRDOV� HYHQ XQGHU IUHH�UHVSRQVH
TXHVWLRQLQJ�

�


