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ABSTRACT

Foot positions are features of how humans express their intentions during conversations. This inspired us to investigate the
usage of foot expressions during interactions with computers. We conducted an observational study to determine how
foot positions correlate with the intentions of users at public
displays. Using our findings, we performed a case study to
demonstrate the usefulness of adapting content according to
the intentions detected based on foot positions. Our results
are valuable for researchers designing context-aware public
displays.
Author Keywords

Affective Computing; Public Displays; Subconscious
Interaction.

Ji-Hyung Park
Korea Institute of Science and
Technology, Seoul, Korea
jhpark@kist.re.kr

public display users exhibit complex behaviors. For example, in-observance or the maintenance of social roles represent new challenges when sensing and interpreting human behavior. Furthermore, distractions in public places may cause
gaze to be insufficient to determine the true focus of a user’s
attention.
Feet have not been considered previously in public display interactions, although they express people’s interests when interacting with others [11, 12]. The present study provides
new insights into the potential for sensing the intentions of
public display users. Analyzing user foot positions can make
public displays adaptive to context, encouraging more users
to interact.
RELATED WORK
User Model Investigation
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INTRODUCTION

Consider an interactive display situated at a bus station that
always provides the content that users want to view but without requiring explicit inputs. For example, it might provide
information rapidly to passing users who are in a hurry or
entertainment to a waiting user, thereby serving the community. Public display research aims to use contextual awareness to communicate content effectively via public displays,
by capturing the attention of users and motivating more users
to interact with the display, while also considering the public
nature of interaction. Recent research suggests that personal
device design paradigms are ineffective for distracted users of
public displays, which may explain the low usage rate for the
systems deployed at present [6].
Predicting the intentions of users is a powerful tool for satisfying their needs. Body language detection can be used to automatically interpret user behavior and react accordingly; for
example, gaze can be used to predict the level of attention and
proxemics can be used to measure user awareness. However,
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In public display settings, user models are based on observations in real-world settings, e.g. CityWall is focused on the social behavior of the audience [3], where the design objectives
focus mostly on attracting, engaging, and motivating users.
Hall’s proxemics theory of interpersonal spatial relationships
is used widely to build user models [4]. One of the first systems proposed in this domain was the Interactive Public Ambient Display, which interpreted proximity and body orientation as direct signals to facilitate display content adaptation
[14]. Both modalities were combined to model the user’s interest and the content displayed became more detailed and
personalized as the user’s interest increased. Similarly, the
Proximity Toolkit combined proximity and the head orientation to control a multimedia application [8].
Design Factors in Proxemics

The ephemeral nature and the wide range of information that
can be presented on ubiquitous computing displays, as well
as the possibility of animation, may be combined more effectively when the user’s affective state is considered. This has
led to numerous design suggestions in ubiquitous computing
[9]. A previous approach [1] tried to tackle these design challenges by producing a multimedia display that uses human
proximity, orientation, identity, and movement to control a
display.
Foot Detection Systems

The unavoidable relationship between feet and human body
movements makes feet an appealing medium for interaction,
which has led to investigations of their use in a variety of settings. GravitySpace is a touch sensor-based system for group
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Figure 1: (a) Content of public display application. (b) Experiment setup with laser scanner at the bottom of the display. (c)
Foot feature points detected by the laser scanner at the front peak and the two edges. (d) Foot detection algorithm based on
background subtraction.
collaboration [2], which employs pressure sensors that are attached to the floor to estimate the pose of users and to predict input events. Foot positions have also been investigated
based on their relationship to the direction of gaze in a laboratory setting [13]. In a public space, foot positions were first
introduced as a user intention measure in [7]. We extend this
direction of research by presenting a foot position adaptive
system.
METHODS
Foot Scanner

A two-dimensional depth map of the floor in front of a display
is required to detect foot positioning. In the present study, we
used a Hokuyo URG laser range-finder, installed at the bottom
of the display, invisible to users (Figure 1b). We developed an
algorithm using background subtraction (Figure 1d), to detect
three feature points for each foot for foot angle and proximity
detection (Figure 1c). An evaluation revealed an overall angle
accuracy of σ = 7.4◦ and µ = 6.0◦ , and a foot proximity
accuracy of σ = 4.3cm and µ = 3.5cm.
Display Setup

A 40-inch multi-touch display with an attached PQ-Labs
infra-red touch frame and with the foot scanner was placed
next to a magazine holder and a water dispenser to attract the
attention of those passing by. The display was deployed in
the entrance lobby of a research institute, where there was
a counter desk for visitor registration. Visitors come to the
counter to ask for directions and may use the lobby as waiting area.

the display, a bar with menu buttons could be used to retrieve
the desired content.
User Model

Public display information systems provide information to
passers-by about the local environment. Depending on the
content selected, the user’s motivation is an external goal, or
the tool itself may be a goal. Therefore, the target design of
the public display must address two problems. First, users
who need information should be able to find it easily and unused functionality must not interfere. Second, entertainment
content should be delivered at a lower interaction threshold
during casual usage in order to motivate more users to interact
with the system [10]. Thus, we performed an observational
study and a case study to test the possibility of foot positions
fulfilling these needs.
APPROACH

This project aimed to bridge the gap between sensing technology and real-world public display settings by detecting user
intentions based on the measurement of foot positions. To
address the goals of context-aware public displays, we considered two hypotheses.
H1. The intentions of public display users can be measured
based on the position and orientation of their feet.
H2. The adaptation of the public display content to the intentions users based on foot positions helps the display to meet
the needs of users. This adaptivity supports rapid information searches and motivates users to interact with these
systems.

Public Display Content

The public display application developed for this setup was
an information system that provided a detailed map of the institute’s campus and the surrounding neighborhood, an entertainment function with a video collection related to recent research findings, and a contact list for staff at the institute. Furthermore, the institute’s server provided a daily event schedule. A touch trigger symbol was displayed as the default
screen and the system switched back to this default screen
after 15 seconds of inactivity (Figure 1b). At the bottom of
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OBSERVATIONAL STUDY: FOOT POSITION AS INDICATOR OF USER INTENTIONS
Experiment Description

The foot position data, which were combined with video
recordings and a touch log, formed the basis of the observational results. The data-set produced comprised two types of
user intentions and the captured foot positions. The foot position features were defined using the angle of each foot and
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their relative positions. A foot position was logged automatically when it was static and < 1.5 meters from the screen.
Data from groups of users were sorted out. To simplify the
model, we omitted the user’s understanding of the interface’s
content and functionality from this study.
User intentions were classified manually using the video
recordings and the touch log of the display. Interactions were
labeled as information search if users first retrieved directional information and left afterwards. Interactions were labeled as casual interaction if users first selected entertaining
content, or if entertaining content was selected after retrieving directional information. This mapping corresponds to the
purpose of the display to the user and the urgency of the information being accessed. The mapping was motivated by
foot position theory in conversations, which states that foot
positions differ depending on the purpose of the conversation
to the person.
This study design focuses on users in direct interaction [10].
According to the foot position theory, there needs to be a basic physical collaboration between the public display and user
in order to cause some alignment related to the user’s intention. Therefore, these potential users were omitted; however,
we consider that other modalities such as proximity are more
suitable methods in the case of peripheral interactions. The
labeled data were classified using a support vector machine
(SVM) classifier. The SVM had a C-SVC type configuration
and it used a radial basis function with three degrees. It was
trained and tested using a repeated random sub-sampling validation process.

CASE STUDY: ADAPTING THE CONTENT OF AN INTERACTIVE PUBLIC DISPLAY BASED ON FOOT POSITIONS
Experiment Description

We conducted a case study to determine the suitability of public display content adaptation based on user intentions, where
the content of a public display was adapted automatically according to the foot positions of users. The system was modified to classify foot positions using the trained SVM algorithm at the beginning of an interaction session. The interaction model was based on adapting the content to the foot positioning of users when they approached the public display. The
content was selected to meet the objectives of optimizing the
interaction times during information searches and increasing
the attention of users during casual usage. Navigation information popped up for users who were classified as requiring
specific information. An entertainment video collection about
recent research findings was shown when casual usage was
detected. After the system detects the first static foot position
of an interacting user, further new foot positions of the same
user were filtered out by the system. A time threshold in the
system determined the end of a session.
In order to interview users, we positioned ourselves outside
the entrance lobby where the display was located to ensure
that the users did not feel that they were being observed. We
approached them only after their interaction with the system
was clearly finished. We then performed a qualitative analysis
of the user interviews and the content- and interaction-related
feedback that we captured. The interaction times and foot
position data were also used as quantitative references.

Results

Results

We collected data from 115 samples over the course of one
working week, i.e., 9 AM to 7 PM from Monday to Friday.
The average duration of one recorded foot position was 9 seconds and the average duration of one interaction was 11 seconds. We classified 55 of the 115 samples as information
search and 50 as casual interaction. Figure 2a shows the average confusion matrix produced when the SVM algorithm
was applied to the 115 samples. The SVM algorithm was
trained with feature data (two foot angles and their positions)
from 30 recorded samples, and tested using the 25 remaining
samples from information search interactions and 30 from casual interactions. The user intention detection accuracy using
foot positions was determined as 84.4% with an F-measure of
0.83.

Over the course of 10 days, quantitative and qualitative data
were collected from 27 users (average age = 35 years, female users = 16). The perceived usefulness of the system was
high and users who required specific information agreed that
they could find the information they needed quickly. During casual usage, the average interaction time increased significantly (p¡0.05) to 19 s compared with 10 s in the observational study. The average interaction time for information
searches dropped significantly (p¡0.05) to 8 s. Overall, 70%
of the users thought that the content had changed due to their
proximity. The user intention classification accuracy based
on foot positions was 88.8%, which was similar to the results
obtained in the observational study.
Discussion

Discussion

The results show that user intentions can be detected with
high accuracies using foot position measurement. If a user
requests specific information, their feet are oriented toward
the screen. If the interaction is casual, their feet point away
from the screen, thereby indicating their intention to leave.
As seen by the information gain (IG) of large (Angle 1) and
small (Angle 2) angles and relative proximity, all foot features
contribute to the classifier. Figure 2c shows samples of the
foot positions that were captured frequently from interacting
users.
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Based on a previous study on attention models [5], we assumed that users who searched for information would be less
satisfied if the wrong content was shown. In our setting, some
users searched for a specific location, whereas others simply
passed by, waited in the waiting area, or used the system out
of curiosity.
The adapted content was beneficial for users in both categories. The longer interaction duration and the high content
rating during casual usage suggest that the attention of users
was increased. Thus, their threshold for interacting with the
system may have been reduced by adapting the content [3].
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Figure 2: (a) Resulting confusion matrix of SVM algorithm applied on labeled foot position data. (b) Raw foot position data. (c)
Frequently occurring foot positions for each user intention.
The lower interaction time and high perceived usefulness during information searches also suggests that the content provided was appropriate for users in this category.
DESIGN IMPLICATION

In the present study, we considered subconsciousness of foot
positions as a novel design factor. That the majority of users
thought the display adapts to proximity indicates the subconsciousness of foot positioning. Distractions and social roles
can play a subsidiary role for such subconscious signals, suggesting the design for these signals in public systems.
IG comparison of absolute proximity and foot position features suggests integration of both measures in a more complex user model. While proximity can be used to approximate
user behavior, foot positions may be used to detect nuances
in intention and purpose.
More generally, when designing adaptive public displays, the
risk for the worse case, that users stop interacting due to adaptation failure, should be minimized. Despite automatic content selection, an additional graphical user interface may provide users with the feeling of control over the system in any
case.
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