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The purpose was to improve the limitations of traditional entrepreneurship education,
realize the virtual interactive learning between college students and teachers, and
stimulate students’ exploration of entrepreneurship. This work first discusses the
working principle of Virtual Reality (VR) and builds an Interactive Learning Model (ILM)
using VR. Then, the VR-ILM is used to design the Smart Space services. Harris Corner
Detector (HCD) is used to detect the pixel grayscale change in the Smart Space
image window. Further, the VR-ILM-based Smart Space is proposed according to the
Smart Space design requirements and principles. Finally, the proposed VR-ILM-based
Smart Space is applied to College Entrepreneurship Education (CEE). Its impact on
the CEE market, employment in different industries, and students’ satisfaction with
CEE are studied. The results show that the proposed VR-ILM-based Smart Space has
increased the entrepreneurship teaching courses, entrepreneurship coaching activities,
and entrepreneurship practice activities by 4, 6, and 24%, respectively. It has reduced
entrepreneurship competitions and other forms of entrepreneurship education by 4
and 16%. The proposed VR-ILM-based Smart Space has dramatically improved the
practical teaching of CEE. Meanwhile, real estate services have felt the most significant
impact of the proposed VR-ILM-based Smart Space, with an employment increase
of 43%. Lastly, students’ satisfaction with entrepreneurship education practice and
teaching methods has increased by nearly 50%. The satisfaction with the internal
environment has increased to 78%. The satisfaction with the curriculum system,
teachers, and industry financing has increased from 30 to 45%, 24 to 36%, and 45
to 63%, respectively. The satisfaction with the teaching goal has increased to 62%.
Thus, the proposed VR-ILM-based Smart Space has dramatically improved students’
satisfaction with CEE and has a different impact on the market, industry, and satisfaction
with CE. The finding has a certain reference for the VR interactive model.

Keywords: virtual reality technology, virtual reality interactive learning model, Smart Space, service design, harris
corner detection
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INTRODUCTION

Higher education in China is entering a stage of high-
quality development nowadays. The new journey of socialist
modernization must look into contemporary higher education
development law to adapt to the development of media
integration. Meanwhile, multiple relationships must be handled
appropriately to improve colleges’ leadership. The enthusiasm
and creativity should be motivated in and out of higher
institutions to achieve sustainable higher education in China
(Qian et al., 2018; Wu and Song, 2019). In particular, College
Entrepreneurship Education (CEE) should learn the experience
of foreign universities to cultivate talents’ psychological quality
to prepare them for possible innovation and entrepreneurship
(Rogoza et al., 2018; Chen, 2019; Wu et al., 2019). In the overall
educational ecology in China, CEE is also a critical link to quality
education. It can cultivate composite talents, thereby alleviating
the employment market, serving economic development, and
contributing to social stability (Wu W. et al., 2020). CEE
emerged in the United States in 1947, marked by Harvard
Business School’s “New Enterprise Management” course. Since
then, entrepreneurship education has been pursued worldwide
(Wu and Wu, 2017). However, entrepreneurial publicity and
education have been emphasized without fruitful and convincing
cases. Thus, the positive effect of CEE on students is relatively
small. On the other hand, there is no environment for CEE to
extend its influence on overall social development (Zheng et al.,
2018; Wu and Chen, 2021).

Traditionally, students acquire knowledge passively through
text, images, and other multimedia presentations. The learning
efficiency is poor. Recently, the barrier-free service design of
the Smart Space has been proposed. It emphasizes that the
public space must fully consider people’s needs for clothing,
food, housing, transportation, and the design of buildings and
equipment. Meanwhile, Smart Space should guarantee human
safety, convenience, and comfort. Its essence is to return to
the scene and participate in its process (Zhang and Alijla,
2019; Geng et al., 2020; Jin et al., 2020; Wu Y. J. et al.,
2020). Virtual Reality (VR) technology can visualize entities in
multi-dimensional space and enable real-virtual interaction. VR
also participates in the evolution process of events according
to various means to obtain greater freedom to control and
operate the whole environment (D’Cunha et al., 2019; Gao
et al., 2019; Tan et al., 2020). VR technology was originated
in the National Aeronautics and Space Administration (NASA)
Ames laboratory, United States (Barrado-Timón and Hidalgo-
Giralt, 2019). Every important milestone in the history of
interaction design originates from the collision of technology
and human nature. The changes from the initial punching
of paper tape to keyboard input, mouse input, and now
touch operation, speech recognition, as well as 3D gesture
and eye movement recognition have achieved the technological
innovation in human-computer interaction (Walmsley and
Kersten, 2020). It has been prospected that brain-computer
interfaces and mind control will also be implemented. Indeed,
every technological innovation and product upgrade will bring
about major changes in Human-Computer Interaction (HCI).

They all follow a uniform path of conforming to human
engineering or ergonomics (Yuan and Wu, 2020).

Based on the above analysis, this work first discusses the
working principle of VR and builds an Interactive Learning
Model (ILM). Then, the VR-ILM is used to design Smart Space
services and uses Harris Corner Detector (HCD) to detect
the pixel grayscale change in the Smart Space image window.
Consequently, the VR-ILM-based Smart Space is designed
according to the Smart Space service design requirements and
principles. Finally, the proposed VR-ILM-based Smart Space is
applied to CEE. Its impact on different aspects of the market,
industry, and students’ satisfaction with CEE is studied. The
proposed VR-ILM-based Smart Space has a different impact on
the market, industry, and students’ satisfaction with CEE. It has a
certain reference for the VR interactive model.

THE SERVICE DESIGN OF THE SMART
SPACE BY THE VR-ILM

The Design of the VR-ILM
Virtual Reality is an emerging cutting-edge technology that
involves many fields and has many applications. It combines
virtual and reality. Theoretically, VR technology is a computer
simulation system that can reconstruct and experience the virtual
world. It generates a virtual environment with the computer’s
help, immersing visitors in the environment (Flavián et al., 2019).
VR technology uses computer equipment to simulate a 3D virtual
world, where users can use their sense of vision, hearing, and
touch to get an immersive experience. Meanwhile, VR technology
has the significant characteristics of multi-sensing, presence,
interactivity, and autonomy. Its working principle is shown in
Figure 1.

In Figure 1, the VR system captures real-life images to
translate the electronic (digital) signals through various output
devices into physical entities, states, or specific relationships. This
is where the 3D modeling technique has the most prominent role.
Meanwhile, VR is a major direction of simulation technology.
It is a collection of simulation and computer graphics, HCI,
multimedia, sensing, and network technologies. It is a challenging
frontier interdisciplinary subject and research field. In education,
VR is mainly used to explain and visualize complex systems and
abstract concepts, such as quantum physics. The design process
of the VR-ILM is displayed in Figure 2.

Figure 2 lists the functional modules of a VR-ILM design. The
models and texture maps in the virtual scene are derived from the
real scene. The texture maps and the plane model of the real scene
are collected through the camera, and the Virtual Reality Platform
(VRP) editor learns the design of interactive models. According
to the design process, a VR-ILM is proposed in Figure 3.

The VR-ILM in Figure 3 includes the client and a remote
server terminal. The client terminal is connected with the remote
server through a wired/wireless communication network to
realize real-time communication. Users can choose a learning
scene on the client terminal and access the VR environment. The
remote server includes processing and storage modules coupled
together: the storage module stores VR simulation data and
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FIGURE 1 | The working principle of Virtual Reality (VR) technology.

user attributes. The processing module is configured through the
instructions stored in the storage module. The VR simulation
data and the previous learning accumulation generate the 3D
interactive scene and query structure for the learning request. The
client accesses the remote server through the Client/Server (C/S)
mode to use the 3D interactive scene. The processing module calls
the VR simulation data in the storage module and accumulates
previous learning to generate the 3D interactive scene and query
structure of the next learning request.

The Service Design of the Smart Space
by the VR-ILM
Smart Space is a working and living space embedded with
computing, equipment information, and multi-module sensing
devices. It has a natural and convenient HCI that provides
interactive services for people’s work and life (Lytvyn et al., 2019).
The HCI not merely passively executes display and operation
commands but actively interacts with people. Thus, it eliminates
unnecessary time spent learning the computer commands or

operations and saves time waiting by supporting concurrent
tasks. Meanwhile, possible overload can be avoided through
inter-space resource sharing and distributed processing. The
design framework of Smart Space is explained in Figure 4.

In Figure 4, designing the Smart Space solves practical
business problems and explores the process from data →
information → value by fully utilizing data as resources and
Smart Space infrastructure. Environment management is the
communication, coordination, and services among Smart Space
applications, resources, operating systems, and the network. The
principles of service design of Smart Space are listed in Table 1.

In Table 1, the principles of service design are divided
into six aspects: people-oriented, cooperation, iteration, order,
authenticity, and comprehensiveness (Abdulkareem et al., 2019).
According to principles of service design and different audience
objects, the VR-ILM-based Smart Space is drawn in Figure 5.

Figure 5 is a typical multi-user interactive working-learning
environment of Smart Space. It can distinguish the robot teacher
and virtual users and monitor user activities. Here, personal
computer (PC) is the main server and is mainly responsible
for the information processing, storage, and simultaneous
interaction. Studies have shown that some students can feel
worried and embarrassed in CEE by not being able to interact.
The proposed VR-ILM-based Smart Space can mitigate their
worry and embarrassment through immersive practice and
entrepreneurial activities. It allows students to review the course
multiple times until they fully comprehend it and encourage
them to socialize better by responding to and sharing in
the same virtual world. Further, interactive learning in virtual
space enables students to form unique learning cognition and
realistic and timely teacher-student interactions. The information
transmission process of the service design of Smart Space is
illustrated in Figure 6.

In Figure 6, the proposed VR-ILM-based Smart Space
enhances the real space through VR-ILM. The service design
is based on camera-captured images. The captured Composite
Video Signal (CVS) must be digitized before the subsequent video
processing. Secondly, according to the information transmission
between the PC and the service robot, the speed transmission
requirements of the 3D information acquisition system, the
Programmable Communication Interface (PCI), is used to
complete the information exchange between the service robot of
smart space and the general PC (Podpora et al., 2020). The feature
recognition algorithm is selected for image processing. Objects in
the Smart Space are distinguished through image features. The
gradient of the image corner changes much. Thus, the focus can
be used as a basis for judgment. HCD has partial invariance and
rotation invariance for affine change of image gray, which ensures
that the image eigenvalues remain unchanged. Thus, the pixel
grayscale change in the window is detected using HCD. Sliding
in any direction and a large grayscale change (Yang, 2019) are the
indication of corners in the window. When the window slides by
[u, v], the grayscale changes of the corresponding pixels in the
window before and after sliding are calculated as:

E(u, v) =
∑
x,y

w
(
x, y

)
[I
(
x+ u, y+ v

)
− I

(
x, y

)
]
2

(1)
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FIGURE 2 | The design process of the Virtual Reality-Interactive Learning Model (VR-ILM).

In Eq. (1), [u, v] is the offset of the window.
(
x, y

)
is the

corresponding position of pixel coordinate in the window. There
are as many positions as the window size is. I is the intensity
coefficient. w

(
x, y

)
is the weight coefficient of the window. The

simplest case is that the weight coefficient w of all pixels in
the window is 1. Sometimes, the w

(
x, y

)
function is set to a

bivariate normal distribution with the center of the window as
the origin. If the center point of the window is a corner, the
grayscale change of this point should be the most severe before
and after sliding. Thus, the weight coefficient of this point can
be set larger, which means that when the window slides, this
point contributes more to the grayscale change. The grayscale

Storage module
Storage module

Processing module

User interface

Remote server Client

 

FIGURE 3 | The Virtual Reality-Interactive Learning Model (VR-ILM).

changes of points farther from the center of the window are
almost gentle. The weight coefficient of these points can be set
smaller to indicate that the point contributes less to the grayscale
change. According to the above expression, when the window
slides on a flat area, it is conceivable that the grayscale will not
change. Then, E (u, v) = 0. E (u, v) can be updated according to
the Taylor formula, and the Taylor expansion is shown in Eq. (2).

f (x) = f (x0)+ f ′ (x0) (x− x0)

+ · · · +
f (n1) (x0 + θ (x− x0))

(n+ 1)!
(x− x0)

n+1 (2)

In Eq. (2), 0 < θ < 1, the function f(x) has a derivative up to
the n+ 1 order in the open interval (a, b) containing x. Then,
when the function is in this interval, it can be expanded to about
(x− x0) , the sum of the polynomial and remainder. E (u, v) can
be updated according to the Taylor formula, as shown in Eq. (3).

E (u, v)≈ [u, v]M
[
u
v

]
(3)

In Eq. (3), M is the autocorrelation matrix calculated by each
pixel, and the specific mathematical expression is shown in Eq.

(4).

[
I2
x IxIy

IxIy I2
y

]
denotes the product of the gradient Ix and Iy

components.

M =
∑
x,y

w(x, y)

[
I2
x IxIy

IxIy I2
y

]
(4)

In Eq. (4), statistical analysis is performed on the gradient
in the x-direction and the gradient in the y-direction of each
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FIGURE 4 | The design framework of Smart Space.

pixel in the window. Ix and Iy are the coordinate axes, so the
gradient coordinates of each pixel can be expressed as (Ix, Iy).
The measure of the response of each corner is shown in Eq. (5).

R = detM − k(traceM)2 (5)

In Eq. (5), R is a function. k is a constant, and the general value
is 0.04–0.06. These parameters can only adjust the shape of the
function. Finally, the threshold of R is set to judge the corner.

TABLE 1 | The principles of service design of Smart Space.

The principles of
service design

Object-oriented Character

People-oriented The service affects
everyone.

Comprehensive

Cooperation Stakeholders with different
backgrounds and

responsibilities

Technical

Iterate Service design process Exploratory, dynamic,
and experimental

Order Orderly service design Visibility

Authenticity Realistic design object Value

Comprehensiveness Whole Service and Whole
Business

Sustainability

RESULTS AND DISCUSSION

Currently, CEE has developed from the stage of trial and
exploration to a new stage of refined, hierarchical, and diversified
development. Nevertheless, it also faces some problems. For

Video 
camera

Video 
camera

Window

PC

Robot teacher User

FIGURE 5 | The proposed Virtual Reality-Interactive Learning Model
(VR-ILM)-based Smart Space.
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FIGURE 6 | The information transmission process of the proposed Virtual Reality-Interactive Learning Model (VR-ILM)-based Smart Space.

TABLE 2 | Analysis of the influencing factors of College Entrepreneurship Education (CEE) on students with different entrepreneurship situations.

Influencing factors of CEE Studying in school Starting a business Unemployed Fixed job

Weak market awareness 48.4% 48.7% 44.6% 46.1%

Employment pressure 56.3% 69.2% 66.0% 3.9%

Policy 21.6% 22.6% 24.3% 18.7%

Lack of educational concepts 44.6% 46.2% 38.0% 32.5%

Incomplete education system 26.1% 47.3% 49.9% 26.7%

Faculty 15.4% 68.3% 57.8% 10.7%

Entrepreneurship education environment 23.4% 48.7% 63.9% 23.4%

Funds 23.8.0% 41.2% 49.6% 15.6%

example, in the integration of production and education, there
is a phenomenon of “government policies gaining negative
social feedback” and a situation of “active college efforts gaining
negative enterprise feedback” in school-enterprise cooperation.
CEE has shown a disciplinary tendency, and schools and
teachers have a minimal understanding of CEE. Thus, to achieve
high-level national entrepreneurship education, the primary
“employment education” stage must be abandoned to integrate
CEE into the talent training process. The following experiment
will discuss the impact of the service design of Smart Space of

48% 47%
38%

52% 58%

Curriculum Coach Practice Competition Other
0

20

40

60

80

100

)
%(

noitroporP

Forms of entrepreneurship education

After influence
Before influence

FIGURE 7 | The proposed Virtual Reality-Interactive Learning Model
(VR-ILM)-based Smart Space’s influence on the form of College
Entrepreneurship Education (CEE).

the VR-ILM on CEE. The experiment focused on undergraduates
from China University of Mining and Technology, such
as students studying at school, students starting businesses,
unemployed students, students with fixed jobs, and some masters
and doctoral students. Here, the WeChat platform was used
to send Questionnaire Survey (QS) to explore the impact of
the proposed VR-ILM-based Smart Space on CEE. Altogether,
112 QSs were collected, and 104 valid ones were recovered,
with an effective recovery rate of 92.86%. Then, the influencing
factors of CEE were analyzed by investigating students with
different entrepreneurship situations. Table 2 specifies the QS
results and analysis.

According to Table 2, the influential factors of CEE on
students mainly include weak market awareness, employment
pressure, and lack of entrepreneurship educational concepts.
Then, the VR-ILM-based Smart Space’s impact was analyzed on
the CEE market, the employment in different industries, and
students’ satisfaction with CEE.

Impact of VR-ILM-Based Smart Space
on the College Entrepreneurship
Education Market
According to the development of contemporary
entrepreneurship education, CEE forms are classified into
entrepreneurship teaching courses, entrepreneurship coaching
activities, entrepreneurship practice activities, entrepreneurship
competition activities, and other activities. The influence of the
proposed VR-ILM-based Smart Space on the form of CEE is
outlined in Figure 7.

In Figure 7, after introducing the VR-ILM-based Smart Space,
entrepreneurship teaching courses, entrepreneurship coaching
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FIGURE 8 | The impact of the proposed Virtual Reality-Interactive Learning Model (VR-ILM)-based Smart Space on employment in different industries.

FIGURE 9 | Analysis of the impact of the proposed Virtual Reality-Interactive Learning Model (VR-ILM)-based Smart Space on students’ satisfaction with College
Entrepreneurship Education (CEE).
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activities, and entrepreneurship practice activities are increased
by 4, 6, and 24%, respectively. Nevertheless, there has been a
certain decline in entrepreneurship competitions and other forms
of entrepreneurship education, by 4 and 16%, respectively. It
means that the proposed VR-ILM-based Smart Space has greatly
improved the practical teaching of CEE.

Impact of VR-ILM-Based Smart Space
on Employment in Different Industries
The impact of the proposed VR-ILM-based Smart Space
on employment in different industries was analyzed in
colleges from 2019 to 2021. Industries are classified into 13
forms: transportation, new consumption, online education,
entertainment, new media, medical care, finance, software
development, travel, intelligent manufacturing, real estate
services, communications, and others. Figure 8 plots the impact
of the proposed VR-ILM-based Smart Space on employment in
different industries.

Figure 8 indicates that introducing VR-ILM-based Smart
Space has helped to increase students’ employment in different
industries. For instance, real estate services have felt the largest
impact, with an employment increase of 43%, followed by
the entertainment industry (increased by 23%). Meanwhile,
employment in the new media, medical, and financial industries
has increased by 21, 18, and 18%, respectively. Employment in
other industries has also increased by a small margin. Thus,
the proposed VR-ILM-based Smart Space greatly impacts the
development of real estate services through CEE.

Impact of VR-ILM-Based Smart Space
on Student’s Satisfaction With College
Entrepreneurship Education
Here, it considered the practice of entrepreneurship education
in colleges, internal environment, curriculum system, faculty,
industry financing, teaching methods, and teaching objectives.
Figure 9 shows the impact of the proposed VR-ILM-based Smart
Space on students’ satisfaction with CEE.

According to Figure 9, after introducing the proposed VR-
ILM-based Smart Space, students’ satisfaction with all aspects of
CEE has been dramatically improved. Specifically, the satisfaction
with entrepreneurship education practice and teaching methods
has increased by nearly 50%. The satisfaction with the internal
environment has increased to 78%. The satisfaction with the
curriculum system has increased from 30 to 45%, and the
satisfaction with teachers has increased from 24 to 36%.
The satisfaction with the financing has increased from 45
to 63%, and the satisfaction with the teaching objectives has
increased to 62%.

CONCLUSION

According to VR technology, the ILM is built and used for
the Smart Space service design. Consequently, a VR-ILM-based
Smart Space is proposed. Its impact on CEE is studied by

recruiting students of the China University of Mining and
Technology as the research subjects and investigating them by
the QS method. The results show that after introducing the
VR-ILM-based Smart Space, entrepreneurship teaching courses,
entrepreneurship coaching activities, and entrepreneurship
practice activities have increased by 4, 6, and 14%, respectively.
By comparison, entrepreneurship competition activities and
other forms of entrepreneurship education have decreased by
4 and 16%, respectively. Under the influence of the VR-
ILM-based Smart Space, students’ employment in different
industries has grown sustainably. Real estate services have
felt the largest impact, with a 43% increase, followed by the
entertainment industry (an increase of 23%). Employment in
the new media, medical, and financial industries has increased
by 21, 18, and 18%, respectively. Other industries also have
shown slight increases in employment. Meanwhile, students’
satisfaction with CEE has been greatly improved: satisfaction
with entrepreneurship education practice and teaching methods
and internal environment has increased by nearly 50 and 78%,
respectively. Their satisfaction with the curriculum system,
teachers, and industry financing has increased from 30 to
45%, 24 to 36%, and 45 to 63%, respectively. The satisfaction
with teaching goals has increased to 62%. The proposed VR-
ILM-based Smart Space has a different influence on the CEE
market, industrial employment, and satisfaction with CEE. It
has a certain reference to design the VR interactive model.
Last but not least, CEE is transforming every day. Thus,
it is necessary to continue researching CEE following the
technological development of the times. Future work is expected
to consider more interactive intentions and interactive scenes
of learners in the VR-ILM-based Smart Space. Additionally,
to cope with post-COVID economic recovery and make up
for the traditional education, expanding the VR-ILM-based
Smart Space experience group is the development direction of
future research.
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