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Abstract: Interactive product presentation techniques
have recently gained importance in online marketing
of house products. Real-time simulation offers a high
level interactive presentation with more powerful fea-
tures to present product functions and variations. This
article presents a novel computational approach for en-
gaging and supporting consumers in making informed
choices about purchasing house products. It involved
the development and testing of an online interactive
real-time simulation for house product marketing (the
Virtual House Showroom-VHS). This model also in-
cluded optional humanoid avatars, representing a vir-
tual buyer–seller experience. The research assessed the
effectiveness of the VHS on consumers’ cognitive and
affective responses. In particular, it examined whether
consumers’ responses to real-time simulation with a hu-
manoid avatar are significantly different from their re-
sponses to the model without the avatar. Participants
(n = 110) were organized into two groups. Group 1
(n = 56) evaluated VHS without the humanoid avatar
and group 2 (n = 54) appraised the model with the
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avatar. The results confirmed that interactive online real-
time simulation technologies without the avatar have
significant effects on consumers’ cognitive learning, af-
fect, and behavior. However, it was found that the hu-
manoid avatar had no significant effect on respondents’
decision-making. Further research was suggested to im-
prove the usability of real-time simulation in the market-
ing of house products.

1 INTRODUCTION

Interactive product presentation techniques are gain-
ing increasing prominence in online marketing of house
products. This may be attributed to two key factors.
Firstly, there are numerous limitations associated with
the conventional methods. Secondly, advances in com-
puter simulations have enabled the emergence of prod-
uct presentation techniques in the form of interactive
real-time simulations. Virtual Reality (VR) or real-time
simulation is a technology that enables users to expe-
rience a computer generated environment and interac-
tion with virtual objects in real-time (Yee et al., 2007).
VR has been tested extensively in various Architecture,
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Engineering and Construction (AEC) applications, in-
cluding education. For instance, Dossick et al. (2010)
sought to bring the excitement, attractiveness, and im-
pact of videogame-like environments to educational set-
tings. They explored educational computer simulations
to provide user experiences that allow for immersion
into a dynamic system in which participants discover the
ramifications of their decisions in a complex environ-
ment. Adeli and Kim (2000) developed a web-based ap-
proach and courseware to complement the teaching of
structural steel design to allow an improved interaction
between instructors and their students. Other research
sought to build three-dimensional (3D) models of
buildings and terrains for representing, managing, and
documenting building activity and maintenance work
(Zalama et al., 2011). More recently, advanced scan
planning methodology was developed for obtaining ac-
curate 3D virtual models from real buildings (Kuldeep
et al., 2012).

Based on technologies developed for the World Wide
Web, Fu and East (1999) proposed the Virtual Design
Review to enable a group of reviewers to work in real-
time on a 3D representation of an incomplete building
model. Within this model, each client is represented by
an avatar that can move about the Virtual Reality Mod-
eling Language (VRML) building model and interact
with other clients’ avatars. These efforts paved the way
for the generation of high level, interactive, online, real-
time simulations with more powerful features to repre-
sent product functions and variations.

In this article, a novel computational approach for en-
gaging and supporting consumers in making informed
choices about purchasing house products is presented.
This approach required the development and testing
of an online interactive real-time simulation for house
product marketing (the Virtual House Showroom-
VHS).

2 MARKETING METHODS AND TECHNIQUES
IN AEC

The Chartered Institute of Marketing (CIM, 2008) de-
fines marketing as the management process responsible
for identifying, anticipating, and satisfying customers’
requirements profitably. Current marketing methods
and techniques adopted by AEC companies can be
categorized into online and offline marketing meth-
ods. The latter are those used to promote AEC prod-
ucts and services in a conventional way. These may
include brochures, magazines, catalogues, newspaper
advertisements, radio or television advertising, direct
mail, and showrooms. The online marketing methods
and techniques on the other hand utilize the Internet as
a platform for showcasing and promoting AEC prod-

ucts and services. Both marketing methods and tech-
niques have their respective strengths and limitations
(Zaleon, 2007).

Print materials (brochures, catalogs, magazines,
and newspaper advertisements) might be effective in
informing consumers about the latest AEC ranges and
styles available and offered by the AEC companies.
They are also easily accessible and are capable of
presenting an efficient information channel. However,
conventional presentation methods have been crit-
icized for their inability to inform consumers about
the products’ functionalities and variations (Dauner
et al., 1998). Consumers may not be able to see how
the products function by merely looking at the pictures
and text, for example. In addition, the pictures are not
sufficient to show the variations in AEC styles and
worktop materials. Oh and Hawley (2004) suggested
that consumers need additional tools to help them
visualize the appearance of furniture units before they
can make any purchasing decisions.

The ability of the Internet to present product in-
formation effectively has encouraged companies to
utilize online advertising as a marketing tool (K.N.
Belcher, University of Missouri-Columbia, unpublished
results). This is why online shopping or E-commerce
is widely used by consumers in recent years as an al-
ternative to traditional shopping. According to Ver-
dict Research (BBC, 2007), there was a 33.4% increase
of spending via online shopping in the UK in 2006.
Online marketing and advertising are used as a re-
sponse to the fast growing online shopping trend (Kiang
et al., 2000). AEC companies are using websites as a
medium to showcase their products to consumers. Com-
panies are still presenting their products in the form
of static visuals with textual descriptions that make
the online product presentation no different from the
print versions. Yet, developments on the Internet of-
fer the potential for interactivity in product presen-
tation (Stewart and Pavlou, 2002). AEC websites are
using various interactive presentation techniques to
market their products. Flash animation and 360o

panoramic photo visualization appear to be the popu-
lar presentation techniques. However, the interactivity
features are limited in terms of demonstrating product
functionalities and variations. For example, the Flash
animation does not fully demonstrate how an appliance
operates. Conversely, 360o panoramic photo visualiza-
tion enhances visual realism, but it does not allow move-
ment beyond the viewing point, as well as presenting
products’ functionalities. Current online AEC interac-
tive presentation is lacking the features that offer vir-
tual product learning and that resembles the real prod-
uct learning experience.

Another limitation identified in current E-commerce
websites is the absence of human contact. The online
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shopping environment is different from the physical
stores where sales representatives are present to pro-
vide on-the-spot support. This lack of human contact on
E-commerce websites directly impacts on consumers’
satisfaction and trust levels in the retail environment
(Holzwarth et al., 2006; Bauer and Neumann, 2005).
The lack of human interaction on AEC websites may
lead to the shopping experience being less engaging and
motivating. Improved consumers’ engagement with the
AEC companies’ websites has become a crucial issue
that needs to be addressed.

2.1 Potentials of interactive real-time presentations

Anumba and Ruika (2002) argued that end-users are
not necessarily making full use of the E-commerce tech-
nology in AEC, and hence do not derive the full benefits
from it. Companies are not fully exploiting the growing
trend of online shopping, which has increased the us-
ability and potential of online marketing. Online AEC
marketing offers consumers a distinct experience from
the conventional ones by adding interactivity to prod-
uct presentations. Stewart and Pavlou (2002) asserted
that “the real power of the Internet and the character-
istic that differentiates it from traditional media is its
potential for interactivity.” Interactivity offers AEC
companies opportunities to present their products in a
format that no conventional media are able to. Research
suggests that interactive media have effects on con-
sumers’ product learning (Bezjian-Avery et al., 1998). It
is suggested that interactive product presentation helps
to provide product information in an engaging way.
Hence, AEC companies may need to understand how
interactivity can improve their online marketing by en-
hancing consumers’ online experience.

The effect of components of interactivity on con-
sumers’ behavior in today’s commercial environment
has attracted a great deal of attention. It was suggested
that interactivity is a powerful, yet not well-understood
topic in today’s media and literature (K.N. Belcher,
University of Missouri-Columbia, unpublished results).
McMillan and Hwang (2002) postulated a 3D defini-
tion of interactivity, embracing: communication direc-
tion; user control; and time. Communication direction
involves reciprocal communication with responses and
feedbacks. User control enables people to manipulate
the contents and influence the outcome of their actions
in Human-Computer Interaction (HCI). It also involves
user interface design and utilities. The perception of
web-based interactivity is influenced by the speed at
which messages can be delivered and at which people
can process messages. This indicates how much time is
taken during mutual interaction activities. However, the
above definition appears to consist of overlaps between
communication direction and time as they happen in

the realm of reciprocal communication. Available evi-
dence suggests that consumers’ perceptions of the con-
trol, responsiveness, and synchronicity of the website
have a strong influence on their attitude (Cui et al.,
2010).

2.2 Web-based VR marketing

Dauner et al. (1998) propose that VR could be used
to address the shortcomings of conventional market-
ing methods to show product functionalities and vari-
eties. Research done by Park et al. (2008) examined
the effects of rotation in virtual product presentation
on consumers’ cognitive, affect, and purchasing inten-
tion. Their results showed that consumers perceive a
rotating product presentation to provide more product
information than a static (non-rotating) product presen-
tation. Similarly, Suh and Lee (2005) found that par-
ticipants are more likely to remember products shown
in real-time simulation than those shown in static me-
dia. A study conducted by Lee and Chung (2008) ex-
amined consumers’ reactions towards a virtual reality
shopping mall in comparison to an ordinary shopping
environment. Their research showed several important
findings, including: that the VR shopping environment
creates compelling virtual sensory affluence; consumers
are more likely to visit the VR shopping mall again due
to enjoyment and convenience; consumers are actively
engaged in the VR environment by interacting with vir-
tual objects; and that consumer satisfaction improves,
compared to an ordinary shopping environment.

Compared to conventional marketing techniques, VR
offers great potential in product presentation. Some
companies have already adopted real-time simulation
methods to present their products online. As an ex-
ample, Amica, a Polish electrical appliances company
(Amica, 2008), uses VR technology to demonstrate its
products online. In this simulation, consumers can test
the functionalities of the cooker as if they were exam-
ining a real product. Users can open and close the oven
door, and cooker knobs can be pulled out and rotated
to perform various functions such as timer and tem-
perature controls. These interactive features function as
high level stimulation to activate consumers’ cognitive
learning about the appliance’s functionalities and oper-
ations. Improved product information helps consumers
to make a better evaluation and judgment about the
product, which may motivate them to take further pur-
chasing actions.

Personalization plays an important role in interac-
tive product presentation, as it enables consumers to
choose products based on their individual tastes and
needs (Oh et al., 2004). Personalization enables them
to customize the product color and materials to fit
their specific requirements. Online car retailers such as
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Toyota often use this technique to let consumers view
the available color options for the car. In this Toyota
Auris virtual showroom, apart from appearance cus-
tomizations, users are allowed to rotate the car to view it
from different angles. Real-time simulation offers con-
sumers the virtual experience of more than just rotating
and customizing vehicle color; consumers can even try
out the car by driving it in real-time. These interactive
features show the ability of VR to incorporate real-life
product demonstration and appearance customizations
by using affordable computer technology. Consumers
would be attracted to participate and get involved in
the product evaluation and this would help them in the
purchasing decision-making process. VR technology of-
fers advantages over conventional product presentation
media, with immersive environment, interactivity, and
personalization features. These features enable users to
learn about the product in an engaging and entertaining
environment. A recent investigation of the virtual social
world “Second Life” (SL) demonstrated that users do
not consider SL as a mere computer game, but as an ex-
tension of their real lives (Kaplan and Haenlein, 2009).
Consequently, marketing managers can use this online
application to go beyond those known from traditional
computer or online games.

2.3 Avatars as potential catalysts for human
interaction

Despite the clear potential of VR technology for e-
marketing, web-based retail is reported to be imper-
sonal and missing the human touch (Holzwarth et al.,
2006). Bauer and Neumann (2005) argue that web-
based retail is lacking consumer trust. Online consumers
often cannot find assistance when facing problems nav-
igating the websites. There are no sales representatives
offering assistance or consultations on the spot, as in
the physical shopping environment. Prevailing methods
adopted by companies to address this issue involve us-
ing the Frequently Asked Questions (FAQ) section to
answer common queries; but these too lack the power
of human interactivity.

Carefully programmed humanoid avatars will be de-
signed to enhance the end-users’ visiting experience,
and to provide guidance, help, and support by mim-
icking consumer-seller interaction. Avatars serve at
least five distinct communicative functions: regulating
conversation flow; providing feedback; communicating
emotional information; communicating the nature of in-
terpersonal relationships; and avoiding distraction by
restricting visual input (Garau et al., 2001). Emerging
trends in real-time simulation have witnessed the use of
“virtual humans acting as guides or educators in show-
room or e-learning simulations.” For example, in the

real-time simulation for the scientific theory of explain-
ing the AEC of the Khufu pyramid, architect Jean-
Pierre Houdin was “virtualized” into an avatar as he
guides users to explore the mystery of the grand pyra-
mid (Dassault Systèmes, 2007). The simulation takes the
users to attend Houdin’s lecture in front of their com-
puter. This approach not only engages users, but of-
fers a greater sense of realism, as if the real human is
talking to them. Avatars can play an active role in fos-
tering producer-consumer collaboration for product in-
novation. Kohler et al. (2009) established that avatars
could be catalysts for the whole innovation process.
Their findings suggest that, to fully realize the potential
of avatar-based innovation, companies need to create
a compelling open innovation experience and consider
the peculiarities of virtual worlds.

To incorporate social presence in the virtual envi-
ronment, avatars may encourage better users’ inter-
action and involvement with the computer mediated
environment. The power of social presence is the abil-
ity of participants in a community to project them-
selves, socially and emotionally, as real people through
a medium of communication (Garrison and Anderson,
2003). Avatars are the virtual representation of the hu-
man form in cyberspace. They use the basic form of
humans to resemble human-human interaction in the
virtual world. The reasons for using avatars to depict
social presence are that they fulfill the characteristics
and factors that determine the extent of perceived so-
cial presence. Humans tend to respond better to fa-
miliar and similar characteristics than the alternatives.
Avatars resemble human characteristics, such as phys-
ical form, gestures, kinesthetic movements, emotions,
and voice. They can be designed and programmed to
look, speak, and behave like real humans. Therefore,
users may be easily attracted towards the similarity-
attraction qualities shown by avatars. Consequently,
avatars have the potential to become powerful sales-
persons. A study by the Virtual Human Interaction
Lab, at Stanford University, confirmed that users are
more strongly influenced by avatars who mimic their
own avatars’ body movements and mirror their own ap-
pearance. “Using a simple computer script, the selling
avatar clerk is able to subtly and automatically tailor its
behavior—its gait, the way it turns its head, its facial
features—to the avatar buyer’s, thus making the clerk
seem more friendly, interesting, honest, and persuasive”
(Hemp, 2006, p. 50).

Moreover, interacting with other persons has become
a part of our life and we understand how people be-
have according to the social norm. As such, avatars
show the consistency—attraction qualities as they per-
form predictable and consistent behaviors, just like
real humans. An experiment by Qiu and Benbasat
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(2005) examined the effects of Text-to-Speech (TTS)
and 3D avatars on online consumers’ psychology. The
results demonstrated that the presence of TTS voice
significantly increases consumers’ cognitive and emo-
tional trust towards the website’s help interface. Hence,
with similarity-attraction and consistency-attraction, it
is argued that avatars may appeal to consumers. This
may contribute to higher levels of perceived virtual
experience.

Avatars have the potential to be employed as the
company’s representation in the virtual world. The ef-
fects of using avatars in E-commerce have received
a great deal of attention. For example, Holzwarth
et al. (2006) examined how avatars on E-commerce
websites influence consumers’ satisfaction with online
retailers. Their study also investigated the extent to
which avatars improve consumers’ attitudes towards
products, as well as their purchasing decisions. An-
other study was conducted by Bauer and Neumann
(2005) to investigate whether avatars build consumer
trust towards the retailers. Both studies showed that
using avatars on E-commerce websites improves cus-
tomer satisfaction and trust, as well as positively in-
fluencing their behavior. With the similarity-attraction
and consistency-attraction factors, avatars offer great
potential for making consumers’ virtual experience in
the sense of experiential marketing.

The development of the VHS model also included the
programming of an optional humanoid avatar, called
Masha. The humanoid avatar was designed to enhance
end-users’ virtual visiting experience, and provide guid-
ance, help, and support by mimicking buyer–seller in-
teraction. The research involved the evaluation of the
effectiveness of the VHS, with and without the hu-
manoid avatar, on consumers’ cognitive, affective, and
purchasing decisions.

3 RESEARCH METHODS

At the center of the research approach is the theory
of Hierarchy of Effects to explain consumers’ psychol-
ogy and behavior. The fundamental concept lies within
the three components, cognition, affect, and behav-
ior, which form the framework for understanding con-
sumers’ responses (Lavidge and Steiner, 1961). One of
the most challenging issues for marketers is how to en-
sure that consumers obtain, understand, retain, and re-
call information about products (Mowen and Minor,
1997).

Cognition involves the mental process of understand-
ing, evaluating, planning, deciding, and thinking (Peter
and Olson, 2005). Variables such as attention, aware-
ness, comprehension, and learning are related to the
cognitive component (Ray, 1973). Consumers receive

information, process the information into knowledge,
and store it in memory. According to Peter and Olson
(2005), consumers’ cognitive learning about products
can be conceptualized by using the means-end chain
model. This model is defined as a simple knowledge
structure linking products’ attributes to more functional
and social consequences, which constitute consumer
values.

Affect refers to consumers’ affective responses to-
wards a product. This involves emotions, moods, spe-
cific feelings, and evaluations (Peter and Olson, 2005).
Ray (1973) associated affect with parameters, such as
interest, evaluating, attitude, feelings, conviction, and
yielding. It is apparent that the main element in con-
sumers’ affective responses relates to the emotional as-
pects. This is different from cognition which involves
the mental process. Consumers’ affect can be exam-
ined in the more specific context of attitude. Foxall and
Goldsmith (1998, p. 102) described attitude as “a predis-
position to respond in a consistent manner to a stimu-
lus.” Attitude reflects the extent to which the product is
favorable to consumers, where they show their likes and
dislikes when evaluating a product. In terms of market-
ing implications, understanding consumers’ affect and
attitude towards a product is critical, as the more posi-
tive the consumers’ attitude is, the more likely that the
product will sell. An experimental study confirmed that
both cognitive social presence cues (the provision of in-
formation about other consumers online) and affective
social presence cues (the use of emotions in online con-
sumer comments) enhance attitude towards a website
(Cui et al., 2010).

Consumers’ behavior could be perceived as their in-
tentions and actions based on their cognitive learning
and attitude towards a product. It may include purchas-
ing intentions, product contact, and actual purchase ac-
tion. Marketers are interested in knowing the underly-
ing factors that lead to the actual purchase behavior.
Fishbein and Ajzen (1975) conceptualized the attitude
and behavior relationships in the theory of Reasoned
Action. This theoretical framework measures behavior
as consequences of beliefs and attitudes. Based on this
theory, it is assumed that changing consumers’ attitudes
may result in a desired behavior.

The research, reported in this article, adopted the the-
ory of Hierarchy of Effects and sought to determine the
effects of real-time simulations on house products’ mar-
keting. The study sought to answer the following key
research questions:

Question 1: Will the real-time simulation enable con-
sumers to make cognitive judgments towards products’
features and functions?

Question 2: Is there a significant association between
real-time simulations and consumers’ affect towards the
house products?
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Fig. 1. Real-time simulation interface design.

Question 3: Does real-time simulation significantly
influence consumers’ purchasing behavior?

Question 4: Will the presence of humanoid avatars in
the real-time simulation significantly result in different
consumers’ responses?

3.1 Virtual house showroom specification

The measurement of consumers’ responses to VR on-
line marketing involved the development of the VHS
that simulated house displays and products. The design
of the VHS consisted of an interactive method that vi-
sually describes the behaviors of virtual objects, parses
the visual scripting, and finally achieves the semantics.
The user-friendly interface design ensured smooth op-
eration and avoided confusion. The VHS interface de-
sign is illustrated in Figure 1.

3.2 Interface design

The opening scene was designed to inform users that
the simulation is successfully loaded and that they could
begin to experience it at any time. This is indicated by
the “Enter” button on the interface. Clicking the but-
ton would lead users to the navigation guide scene. This
scene was important as it informed them about the nav-
igation methods. Participants could proceed to the next
scene by clicking the “Start” button. The next scene was
the introductory part with a walkthrough animation and

Table 1
Summary of submenu functions

Submenu Functions

Guided tour Enters the “guided tour” mode where
the avatar provides presentation
about the AEC products’ displays

View walkthrough Enters the walkthrough animation
Visit showroom Enables users to navigate by themselves
Directory Shows the showroom layout
Customize Enters the customization mode which

enables users to change colors
Contact us Links to supplier “contact” webpage

verbal narrations. The walkthrough animation brought
users to look around the showroom to give them an
overall impression of what to expect. The verbal narra-
tions described what users could do in the VHS. Users
would be prompted to click on the button to enter the
“visit showroom” mode where they could freely navi-
gate around by themselves.

A menu button appeared at the bottom of the screen
that brought up several submenus. These submenus
were critical as they provided an interface to perform
various utilities. Users could hide or show the submenus
by clicking on the “Menu” button. The virtual show-
room was designed with background music, which could
be controlled by clicking on the speaker button. The
functions of the submenus are summarized in Table 1.
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3.2.1 View walkthrough. In this mode, a camera was
assigned to a predefined path around the showroom.
Users could not control the movement of the camera
and as such could only watch the animation. This walk-
through animation showed the overall environment of
the virtual showroom as well as showing all the house
displays and products. The animation was looped until
users selected another function.

3.2.2 Visit showroom. In this mode, users could con-
trol the camera’s movements and were free to navigate
around the showroom. Navigation was enabled by us-
ing arrow keys (controlling directions) and dragging the
mouse with the scroll wheel button (controlling view-
ing angles). To depict realism, each of the “footsteps”
was accompanied with sound when the arrow keys were
pressed. The movement speed was designed in a mod-
erate slow pace for users to spend longer time in their
navigation.

3.2.3 Directory. The “directory” mode shows the lay-
out of the virtual showroom from a bird’s eye view
(Figure 2). AEC displays are labeled with their respec-
tive brand logos and the name of the AEC range. These
labels function as buttons, which allow users to enter the
“customization” mode when clicked.

3.2.4 Customize. The “customize” button brought
up four other buttons, showing the four AEC range
displays. Choosing an AEC range button brought the
users into the customization interface for that particular
range. The customization interface is shown in Figure 3.
There were two color palettes on the interface. The left
palette represented color options for cabinet doors and
drawers. The right palette showed the color options for
the worktop. The color of the cabinet changed when
users clicked on a color button and the same for the
worktop. This function enables them to evaluate the
effects of different combinations. For instance, they
are able to conduct a visual appraisal of how well
different styles and colors of cabinets and worktops
work together.

3.2.5 Contact us. This button linked directly to a “con-
tact” webpage which enabled consumers to get more
information on contacting the manufacturer or sup-
plier. Users can obtain more information on the selected
products and appliances directly from the manufactur-
ers’ websites.

3.3 Object behavior

The interactivity feature of the real-time simulation
was enabled by assigning object behaviors for individ-
ual virtual objects. This process enabled users to in-
teract with the house displays, such as opening cabi-

net doors, pulling drawers, and operating appliances.
Consumers learned about functionalities of these com-
ponents and fittings. Besides performing product func-
tions, object behavior also provided product informa-
tion. Objects assigned with specific behaviors were
indicated by special cursors. In addition to using the cur-
sor, animated objects serve the purpose of attracting re-
cipients’ attention, and directing them to perform a spe-
cific action.

Arrow-cued orienting was found to have an impor-
tant effect on automatic shifts of attention (Hietanen
et al., 2008). Advances in neuroimaging studies suggest
that automatic orienting of visuospatial attention can
be triggered by signaling, such as symbolic arrow cues
(Hommel et al., 2001; Ristic et al., 2002). This line of
work asserted that arrow cues are overlearned symbols
and consequently provide relatively direct information
regarding the to-be-attended location (Tipples, 2002).

When the cursor is rolled over an interactive object,
such as the faucet in this example, it changes into icons
with a specific meaning to inform users of the target ac-
tions on the objects. In Figure 4, the cursor illustrates
the appropriate actions, such as clicking for obtaining
product information, turning the water on/off, and ro-
tating the faucet. The use of arrow cues would serve as
the focal point to draw the users’ attention to a specific
location of the visual, as well as guide their interaction
with a product.

The humanoid avatar was designed to depict real
seller-buyer interaction by animating bodily movements
and assigning speech. The avatar’s speech was designed
using text-to-speech software to transform written
texts into verbal speech. The body animation was
synchronized with the speech playing length each time
the avatar performed the human action. The assigned
object behavior and their functions are summarized in
Table 2.

3.4 Object behavior programming

Each interactive object in the virtual showroom was as-
signed distinctive object behaviors. The object behav-
ior is the result of an algorithm performed by a well-
defined network of building blocks. The building block
is the basic module that performs a specific behavior,
such as “rotate”, “wait message”, “collision detection”.
The concept of object behavior programming is illus-
trated in Figure 5.

The interface for color and texture customization is
illustrated in Figure 6. For this display, the left palette
provides the available colors for the cabinet, and the
right palette shows the textures for the worktops. Users
can customize the color and texture, by clicking on the
palette. The programming for color and texture cus-
tomization is shown in Figure 7.
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Fig. 2. Directory mode.

Fig. 3. Customization interface.

Fig. 4. Use of arrow cues to attract users’ attention to trigger action on the product.

The functions of each building block are described as
follows:

• the Wait Message building block awaits a specific
“message” before proceeding with the next action;

• the Group Iterator building block defines a group that
contains all the objects (which will change their tex-
ture once they receive a mouse click);

• the Set Material building block defines the texture to
be used on a specified target object/group;

• the PushButton building block is activated when a
defined button (from the color palette) is clicked
and;

• the Show building block is activated to show the new
texture on button press and the Hide building block
will hide the old texture.
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Table 2
Virtual object behaviors

Virtual objects Object behavior functions

Computer
screens

Opens new windows showing homepage
for the AEC and fittings manufacturers.

3D brochures Opens new windows of the respective
AEC and fittings manufacturers’ website
for brochure download.

Cabinet doors Opens or closes when left-mouse button is
clicked and dragged.

Drawers Pulls out/in the drawers when left-mouse
button is clicked and dragged.

Water taps Turn on/off water when left-mouse button
is clicked and dragged.

Faucets Rotates the faucets when left-mouse
button is clicked and dragged.

Oven doors Opens or closes when left-mouse button is
clicked and dragged.

AEC fittings
(taps, sinks,
and ovens)

Opens new windows showing external
websites describing product information
and specifications.

Rotating cube Opens the questionnaire webpage when
clicked.

Avatar Creating users’ social presence by
performing human actions through
bodily animation and verbal speech.

The humanoid avatar involved the programming of
the character animation, voice playback, and camera
view (Figure 8).

For the humanoid avatar, the functions of each build-
ing block are outlined below:

• the Switch On Message building block indicates the
activation of the humanoid avatar’s animation once
the Next button is clicked;

• the Active Script building block activates the camera
that shows the humanoid avatar;

• the Delayer building block delays the time before the
voice playback;

• the Wave Player building block enables voice play-
back of the humanoid avatar and;

• the Play Global Animation building block enables the
animation playback.

3.5 Interface design for humanoid avatars

The interface design and object behavior involved the
inclusion of the humanoid avatar, Masha. Masha greets
customers and gives a brief explanation of the user in-
terface as shown in Figure 9. This scene depicts a real-
life situation, where sales representatives greet visitors
when they come to the showroom.

The additional submenu for this version is the
“guided tour.” Masha accompanies users on their visit
to the VHS, and provides a presentation of their fea-
tures. Users can proceed to the next display by clicking
on the Next button. They can leave the guided tour at
any time by clicking the Back button to move to the
“visit showroom” mode. There is also a button show-
ing Masha’s face at the bottom of the screen to provide
users with the option of asking for further help from her,
when needed (Figure 9).

The real-time simulation is presented with other
showroom visitors appearing in the form of animated
silhouettes. This feature seeks to depict a real-life situa-
tion, where other visitors are present in the showroom,
to improve the perception of social presence.

3.6 The experiment design

The experiment design is illustrated in Figure 10.
This research adopted the online survey method to

obtain participants’ responses to the VHS. Van Selm
and Jankowski (2006) suggested the following rationale
for conducting online surveys:

• reach a population with Internet experience;
• help in gaining access to respondents normally dif-

ficult to reach, as there is better anonymity on the
Internet;

• facilitate the sharing of participants’ experiences and
opinions;

• offer convenience and speed in terms of data capture;

BUILDING BLOCK 1 BUILDING BLOCK 2

BUILDING BLOCK 3

OBJECT BEHAVIOUR
PERFORMANCE

The algorithm results 
perform the object 
behaviourNetwork of 

building blocks

Fig. 5. Object behavior programming conceptualization.
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Fig. 6. House products color and texture customization.

Fig. 7. Color and texture customization.

Fig. 8. Programming of the humanoid avatar.

• provide a cost effective option, compared to conven-
tional survey methods and;

• reach a bigger population with lesser geographical
constraints, increasing the possibility of recruiting
respondents.

One hundred and ten participants participated in the
research. The target audience of this research was con-
sumers who spend time on Internet activities. Conve-
nience sampling was used to recruit the respondents.
Zhang (2000) argued that sampling bias might occur in
online surveys, as individuals in a population who do
not have access to the Internet may not be represented
in the sample groups, while Van Selm and Jankowski
(2006) stressed that online surveys are best suited for
studies among non-probability samples.

Participants (n = 110) were organized into two
groups. Personal characteristics of the respondents are
shown in Table 3. Group 1 (n = 56) was involved
in the evaluation of the VHS without the humanoid
avatar (Study 1). Study 1 was designed to test the ef-
fects of the real-time simulation on consumers’ cog-
nitive learning, affect, and behavior. Group 2 (n =
54) examined the same effects, with the presence of
a humanoid avatar (Study 2). An online question-
naire using a 1–5 rating Likert scale was used for
data collection (1 strongly agree and 5 strongly dis-
agree). Participants’ responses to the VHS (without
and with the presence of the humanoid) were evalu-
ated along several dimensions: cognitive learning, af-
fective learning, and conation and purchasing behavior
(Tables 4–6).
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Fig. 9. Opening scene for humanoid avatar interface.

 

Study 1 Study 2 

Measured variables 
Cogni�ve ra�ngs 

Affect ra�ngs 
Purchasing behaviour ra�ngs 

Subject 
group 2 

VHS with humanoid 
avatar 

VHS without 
humanoid avatar 

Subject 
group 1 

Fig. 10. Experiment design.

3.7 Hypotheses

Study 1 was used to test the following hypotheses:
H1: It is predicted that real-time simulation will have

a significant effect on consumers’ cognitive learning
about the AEC product features and functions.

H2: It is expected that real-time simulation will have a
significant effect on consumers’ affect towards the AEC
products.

H3: It is likely that real-time simulation will have a
significant effect on consumers’ purchasing behavior.

A Chi-square test was used to compare the ob-
served frequencies of rating scores, with the expected
frequencies.

Study 2 was used to test the following hypothesis:
H4: It is predicted that the humanoid avatar in the

real-time simulation will have a significant effect on con-
sumers’ cognitive learning, affect, and behavior, com-
pared to the VHS model without the humanoid avatar.

The Mann-Whitney test is one of the most commonly
used tests to compare two groups with regard to a given

Table 3
Participants’ characteristics

Groups

Study 1 Study 2 Total

Age group (years) <25 18 16 34
25–54 36 35 71
>54 2 3 5

Total 56 54 110
Gender Female 24 21 45

Male 32 33 65
Total 56 54 110

criterion that is measured on at least an ordinal scale
(Pett, 1997). This test was deemed appropriate to com-
pare differences between the two independent groups
in Studies 1 and 2 to determine whether the presence
of the humanoid avatar had a significant effect on their
ratings.

4 RESULTS OF USERS’ EVALUATION
OF THE VIRTUAL HOUSE SHOWROOM

The following section presents the findings of partic-
ipants’ evaluation of the virtual showroom. This in-
cludes the effects of real-time simulation and humanoid
avatars on consumers’ cognitive and affective learning,
as well as their conation and purchasing behavior.

4.1 Effects of real-time simulation and avatar
on consumers’ cognitive learning

Study 1 involved the examination of consumers’
responses to the real-time showroom, without the
humanoid avatar. Participants evaluated the real-time
simulation without the avatar. The test hypothesis pre-
dicted that real-time simulation will have a significant
effect on consumers’ cognitive learning about house
product features and functions. Seven product charac-
teristics were used to test this hypothesis, as shown
in Table 4. Participants’ responses were entered into
an online questionnaire, and analyzed using the SPSS
software.

The results of the Chi-square test confirmed that real-
time simulation, without the humanoid avatar, had a sig-
nificant effect on consumers’ cognitive learning about
house product features.

Using the same evaluation criteria, test 2 examined
the effects of the humanoid avatar on consumers’ cogni-
tive learning. Based on the results of the Mann-Whitney
test, it is possible to infer that there is no significant as-
sociation between real-time simulation, containing the
humanoid avatar, and consumers’ cognitive learning.
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Table 4
Effects of VHS with humanoid avatar on consumers’ cognitive learning

Obtain Verbal
Understand more informations

how Appreciate Ability to Gain more accurate provides
cabinet how house customize information information clear

doors and appliances Learn color of about about description
drawers and fittings about new cabinets product product about

Tests work work styles and doors functionality attributes products

Real-time Chi square 46.143 76.679 15.607 39.536 40.786 26.321 27.571
simulation df 4 4 4 4 4 4 4
without Asymp. sig. 0.000 0.000 0.004 0.000 0.000 0.000 0.000
avatars

Real-time Mann- 1,472.500 1,307.000 1,297.000 1,471.500 1,433.500 1,449.000 1,346.000
simulation Whitney U
with Z −0.257 −1.403 −1.347 −0.258 −0.501 −0.394 −1.053
avatars Asymp. sig. 0.797 0.161 0.178 0.796 0.617 0.693 0.292

Table 5
Effects of real-time simulation and avatar on consumers’ affective learning

Feeling of
engagement

User- during
Experience Evaluation Appraisal of Judgement friendliness interaction

of the virtual of the color the style of of interior of the virtual with virtual
Tests showroom scheme furniture design showroom displays

Real-time Chi square 39.000 46.143 10.429 28.107 77.393 65.964
simulation df 3 3 3 3 3 3
without Asymp. sig. 0.000 0.000 0.034 0.000 0.000 0.000
avatars

Real-time Mann- 1,339.000 1,383.000 1,292.500 1,431.000 1,389.000 1,344.000
simulation Whitney U
with avatars Z −1.146 −0.838 −1.360 −0.517 −0.823 −1.095

Asymp. sig. 0.252 0.402 0.174 0.605 0.410 0.274

4.2 Effects of real-time simulation and avatar
on consumers’ affective learning

The test hypothesis 2 predicted that real-time simula-
tion will have a significant effect on consumers’ affective
learning about house product features and functions.
Using six house product features, the test produced the
following results about consumers’ affective learning.

Based on the results, there is evidence to suggest
that real-time simulation had a significant effect on
consumers’ affective learning about house product fea-
tures. However, real-time simulations with the hu-
manoid avatar did not significantly affect consumers’ af-
fective learning.

4.3 Effects of real-time simulation and avatar
on consumers’ conation and purchasing behavior

Hypothesis 3 envisaged that real-time simulation will
have a significant effect on consumers’ conation and
purchasing behavior. The results are presented in Ta-
ble 6 using a six-point categorization of house product
features.

The findings confirmed that there is a significant as-
sociation between real-time simulation and consumers’
purchasing behavior. However, real-time simulation,
with the humanoid avatar, did not significantly affect
consumers’ behavior, compared to the version without
the avatar.



Real-time simulations and humanoid avatars in AEC 13

Table 6
Effects of real-time simulation and avatar on consumers’ conation and purchasing behavior

Intention to Ability to
use virtual Plan to Capability of Assistance learn about

showroom to contact the virtual of the virtual house
look for suppliers for showroom to showroom to product Recommend

information purchasing select make attributes the virtual
on house house appropriate appropriate from virtual showroom to

Tests products products products decisions showroom others

Real-time Chi square 30.607 19.357 12.571 15.250 31.679 37.393
simulation df 4 4 4 4 4 4
without Asymp. sig. 0.000 0.001 0.014 0.004 0.000 0.000
avatars

Real-time Mann- 1,473.000 1,287.000 1,316.500 1,276.000 1,394.500 1,270.500
simulation Whitney U
with avatars Z −0.247 −1.416 −1.216 −1.465 −0.743 −1.545

Asymp. sig. 0.805 0.157 0.224 0.143 0.458 0.122

5 DISCUSSION

The results show that real-time simulation, without the
humanoid avatar, had a significant effect on consumers’
cognitive and affective learning, as well as their pur-
chasing behavior. This finding supports the research ev-
idence of previous studies that found that online in-
teractive products provide more product information
(Park et al., 2008), improve users’ recall of informa-
tion (Suh and Lee, 2005), and enhance their enjoyment
and satisfaction (Lee and Chung, 2008). It also confirms
Kroeber-Riel’s contention that high-level stimulation
activates consumers to a significant extent to perform
effective product learning and evaluation (Kroeber-
Riel, 1995).

This article addressed the importance of maintain-
ing human contact in online AEC marketing. From the
comparisons of consumers’ evaluation of real-time sim-
ulations, with the humanoid avatar, Masha, it is possible
to infer that avatars have no significant effects on con-
sumers’ responses. The avatars did not influence con-
sumers’ cognitive learning, affect, and purchasing be-
havior to a significant extent. These results suggest that
the real-time simulation is sufficient to perform the in-
tended marketing purposes without the need for hu-
manoid avatars. These findings are not in agreement
with the results of Holzwarth et al. (2006) on the ef-
fects of avatars on consumers’ behavior. A possible rea-
son for the discrepancy is that Holzwarth et al. (2006)
compared users’ responses towards the stimulus with
2D avatars and stimulus with only text descriptions. The
experiment by Bauer and Neumann (2005) did not in-
volve virtual product interactions, as they used travel
insurance counseling for the scenario design. This unex-
pected finding may also be due to the limitation of the

avatar, Masha, in the VHS to fully depict real-life pur-
chasing experience, including social presence. Avatars
could be useful to create social presence to stimulate
the imagination of human interactions. Emerging evi-
dence suggests that online consumer-to-consumer inter-
actions contribute significantly to shoppers’ perceptions
of interactivity and their attitudes toward the online
shopping experience (Cui et al., 2010). The silhouettes
depicting other visitors in the VHS were purposefully
designed to serve this purpose. However, the extent to
which social presence of humanoid avatars can gener-
ate positive influence on consumers is affected by the
Technology Acceptance Model (TAM), trust and en-
joyment factors (Hassanein and Head, 2007). The spe-
cific effects of social presence of humanoid avatars on
consumers’ behavior were not fully addressed in this
study, and therefore may have failed to provide a re-
alistic consumer experience.

Although the avatar may not have a significant effect
on consumers’ product learning and evaluation, its pres-
ence may still enhance consumers’ visiting experience.
For example, avatars may help users immerse in the
virtual environment easily due to similarity-attraction
and consistency-attraction (Lee and Nass, 2003). Re-
cent advances in artificial intelligence (AI) have paved
the way for the development of the Intelligent Soft-
ware Assistant (ISA) that can organize information,
learn processes, adapt to changing situations, and in-
teractively support individuals in their tasks (Gouin et
al., 2012). A recent successful implementation of ISA is
the Apple iPhone’s Speech Interpretation and Recogni-
tion Interface (Siri) that confirms the importance of the
virtual all-in-one personalized assistant for consumers.
Siri is designed to direct consumers to the applica-
tions, services, and information they need by combining
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techniques from fields such as voice recognition and
natural language processing to process queries in Ap-
ple’s server. It has access to databases of information,
coined as “active ontologies” that are specifically fo-
cused on helping users in particular domains (Aron,
2011). Although both Masha and Siri are designed to of-
fer help on demand, the processing of users’ requests by
Siri is more sophisticated. The humanoid avatar in the
VHS is pre-programmed to primarily respond to con-
sumers’ queries and support them in their purchasing
decisions. In addition, Siri is voice-controlled and in-
teracts with the user through textual or auditory cues.
A major limitation of the voice recognition systems is
that they sometimes do not process input data precisely,
which results in less accurate output information (Darre
and Yussupov, 2011). Masha offers consumers a multi-
sensory experience, as they are able to see her station-
ary and moving through the VHS, listen to her com-
ments and explanations, and interact with her through a
mouse controlled device. Future research should strive
to harness advances in artificial intelligence to gener-
ate smarter and more credible avatars. Likewise, it is
critical to gain a better understanding of the effects of
the presence of avatars as personal assistants, as well as
consumers’ social contacts (i.e., consumer-to-consumer
interaction).

One of the key findings of this research is that
interactivity in the online real-time simulation has a
significant impact on consumers’ responses, including
product learning and evaluation. This result is in
agreement with Belcher’s (K.N. Belcher, University
of Missouri-Columbia, unpublished results) conclusions
that interactivity has a significant effect on consumers’
product learning. It also supports Cui et al.’s (2010) find-
ings that consumers’ perceptions of the control, respon-
siveness, and synchronicity of the website have a strong
influence on their attitude. These results confirm that
AEC companies should be fully aware of the role of in-
teractivity to improve clients’ online marketing experi-
ence. They may need to focus on enhancing users’ ex-
perience in their interaction with the virtual products. It
is important to present the AEC products’ functional-
ity and appearance as close as possible to reality to im-
prove consumers’ engagement. In addition, avatars may
be used as an additional medium to enhance consumers’
visiting experience.

The VHS model, developed as part of this study, has
demonstrated the potential of novel approaches in in-
teractive real-time simulation to allow AEC companies
and organizations to successfully adopt e-marketing and
exploit its full potential. As online shopping has be-
come consumers’ lifestyle, web-based VR has the po-
tential to bring new virtual experiences in AEC mar-
keting to consumers. Online VR may be integrated

with the consumers’ decision-making stages in prod-
uct purchasing, as proposed by Oh et al. (2004). Fur-
ther research is needed to identify at which stage of
the buying experience web-based VR is more effective
in informing and persuading consumers in online AEC
marketing.

6 CONCLUSION

High level interactive presentation techniques have of-
fered house product manufacturers and sellers more
powerful features to present product functions and
variations. This research proposed a novel computa-
tional approach for engaging consumers and supporting
their decision-making process about purchasing house
products. It developed and tested an online interac-
tive real-time simulation for house product market-
ing (the Virtual House Showroom-VHS). VHS was
presented to a sample of consumers with and without
humanoid avatars, representing a virtual buyer–seller
experience. The aim was to determine whether the pres-
ence or the absence of the humanoid avatar affected
consumers’ responses to the Virtual Showroom.

The findings of this study confirmed that consumers
responded positively towards the real-time simulation.
Subjects’ personal characteristics (age groups and gen-
der) had no significant effects on their responses to-
wards the real-time simulation. The results established
that real-time simulation has significant effects on sub-
jects’ cognitive learning about house products, and their
affect towards the house products. In addition, the VHS
had significant effects on participants’ purchasing be-
havior. However, contrary to expectation, the findings
revealed that the presence of the humanoid avatar in
the real-time simulation had no significant effect on sub-
jects’ cognitive learning, affect, and purchasing behav-
ior. This may be attributed to the absence of successful
social presence stimulation factors, such as the Technol-
ogy Acceptance Model, trust and enjoyment factors in
the VHS. Further research is needed to address these
limitations.

The research findings have several implications on
online AEC marketing. Firstly, the positive evaluation
by respondents confirms the potential of using real-time
simulation, as an effective AEC marketing medium.
The simulation provided a new way of product learn-
ing that could not be achieved by conventional media.
It also established that consumers’ virtual experience in
AEC shopping could be enhanced by using online real-
time simulation to present AEC products in an interac-
tive and engaging way. Further work is needed to gener-
alize these findings to other types of AEC domains and
products.
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