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Abstract

This paper discusses the development and validation of the Smart Classroom Inventory
(SCI). The SCI is derived from existing technology integration learning environment
instruments, including TROFLEI, TICI and CCEI (ergonomic). To accurately describe the
features of smart classroom, the factors of flexibility, learning data, learning experience
are added to SCI, and the description of information technology usage of some items
are also altered to fit the smart classroom environment. More than 640 11 to 15 years
old students validated the instrument, revealing ten scales: Physical Design, Flexibility,
Technology Usage, Learning Data, Differentiation, Investigation, Cooperation, Students
Cohesiveness, Equity, and Learning Experience. Cronbach’s alpha coefficient is 0.92 and
0.94 for the entire questionnaire in Actual and Preferred forms respectively. The results
of EFA and CFA prove SCI to be a parsimonious instrument for assessing the smart
classroom learning environment. In assessing Actual and Preferred learning environments,
SCI results indicated that there are significant differences in all of the ten factors. Students’
perception of factors of Differentiation, Flexibility, Technology Usage, and Learning Data
are the largest four actual–preferred discrepancies within the smart classroom learning
environment. These suggest the importance of innovative application of the current
information equipment, and schools should pay more attention to satisfying the
students’ personalized learning demands. The differences between the gender and
between the school settings indicate that smart classroom should integrate both
the technology and the humanities factors into the design and application of
smart classroom, as well as design multi-level learning activities to satisfy the
choices of different age students.

Keywords: Smart learning environment; Smart classroom; Technology integration
learning environment; Instrumentation
Introduction
Now, many classrooms have connected with Internet and equipped with variety ad-

vanced information devices, such as tablet PCs and interactive whiteboards. The type

of classroom is named as smart classroom, intelligent classroom, or classroom in the

future. With the support of technologies, the smart classrooms become the places

where teachers and students could practice rich and immersive teaching and learning

experiences that they have never had before.

Many researches have explored the relationship between learning skills, learning out-

comes and learning environments (Ramsden 1979, 1991; De Corte et al. 2004; Grady

and Fisher 2008; Chang et al. 2011). As a burgeoning learning environment, the study
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was interested in exploring the relationship between smart learning environments and

students’ learning skills that were critical in the 21st century.
Background and literature review

Learning environment and the smart classroom

The learning environments in schools were described as “a classroom or school climate,

environment, atmosphere, tone, ethos, or ambience” (Fraser 1994). The classroom en-

vironment is not only a place to house books, desks, and materials, but also a place

where teaching and learning activities occur. With a careful design, all the elements in

the classroom add a significant dimension to students’ educational experience, support-

ing and strengthening students’ desire to learn (Loughlin and Suina 1982).

Ramsden (1979) indicated that the teachers’ understanding of students and tutors’

teaching effectiveness are important to students’ learning; and the study emphasized

the supportive learning atmosphere for students. Lizzion et al. (2002) found perceptions

of a good teaching environment influence students towards deep approaches to study-

ing; and perceptions of teaching environments influence learning outcomes both dir-

ectly (perceptions of outcomes) and indirectly (perceptions of approaches to

outcomes). Rahman and Mokhtar (2012) found two learning environment elements

namely “learning community” and “assessment” had a direct relationship, and three

other elements namely “clear objective”, “good teaching” and “learning resources” were

indirectly related to generic skills through learning approach. These researches sup-

ported the social cognitive theory’s hypothesis that students’ generic skills result from

their interaction with their environments.

In the contemporary information society, the low literacy skills such as reading, writ-

ing, calculating would be replaced by high literacy such as critical thinking, communi-

cation, sharing and complex problem solving. As the result of above researches

indicated that the new skills learning not only supported by the innovation on learning

contents and learning approaches, but also supported by the learning environments.

Hall et al. (2004) measured the change of students’ deep and surface learning ap-

proaches; based on the data they provided preliminary evidence of the ability of chan-

ging students’ approaches to learning through specific changes to the learning

environment. So it is necessary to research the classroom environment in the informa-

tion society; now smart classroom environment has been researched by many countries.

For example, the smart school project in Malaysia, the technology-rich classroom pro-

grams in America, and Nanhu primary school’s future classroom project in Taiwan.

At the beginning, the term smart classroom is for distinguishing from the term “com-

puter classroom”. It often refers to the classroom equipped with interactive whiteboards

to support real-time interaction between teachers and students and carry out teaching

and learning activities (Zhao 2008). But now, accompanying with the development of

emerging technology, like wireless communication technology, context awareness tech-

nology, massive data mining and analysis, and smart interactive technology, smart class-

room always represents the technology-rich classroom, i-classroom or future classroom.

Some programs were held to research how the smart classroom should be and what

will happen to teaching and learning in the smart classroom. University of Minnesota’s

new, technology-enhanced learning spaces project constructed the Active Learning
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Classrooms (ALCs) (Whiteside et al. 2010). In the ALCs, the classrooms featured a

number of large circular tables, each of which accommodated nine students and had

three laptop computer connections to large LCD screens to facilitate collaborative

work. The ALCs featured 360-degree glass marker boards around the edges. Techno-

logy Rich Classrooms Program in Kansas is funded through the competitive portion of

Title IID. The Minimum Classroom Equipment include 2:1 student to computer ratio

(laptops or desktops), interactive whiteboard, media projector, digital still camera, printer,

scanner, Internet access and software to support instruction and curriculum projects (The

Free Library 2007). Although the equipment and appearance of the above classrooms are

different, they are all aim to build an open, interactive, flexible and media-rich instruction

environment to support the individual or collaborative learning in schools.
The features of smart classroom

With content analysis to the journal articles about smart learning environments from

2001 to 2013, Li and Kong (2014) indicated that the most attractive characteristic of

the smart classroom is its integration of all kinds of interactive technologies, data ana-

lysis techniques, and context-aware technologies and devices to support the digital

intelligence teaching and learning activities.

Hwang et al. (2010) used PDA and RFID reader and tag construct a context-aware

ubiquitous learning environment, and implemented it for the “butterfly and ecology”

unit of a fourth-grade natural science course in Taiwan. They also developed the

decision-tree-oriented mechanism to enable the learning environment give digital guid-

ance to students to observe and classify real-world objects in the learning activities of

natural science courses. Yau et al. (2003) applied the situation-aware PDA’s orientation

function in students’ group discussion and learning resource sharing in order to

increase the level and quality of interactions between students and the instructor in a

classroom. Using intelligent agents and 3D avatars, Lemmon et al. (2012) allowed

students to interact with avatars, participate in the virtual world to conduct experimental

investigation, and collect and analyze data. Based on the data mining technique, Lin et al.

(2013) developed a personalized creativity learning system to provide personalized learn-

ing paths for optimizing student’ performance of creativity. Their research suggested that

data mining technique can be a good vehicle for providing adaptive learning.

These researches for smart classroom show us that with the help of smart techno-

logy, inquiry learning, collaborative learning, group learning, mobile learning, and ubi-

quitous learning are emerging (Lin et al. 2010). All the pedagogical cases highlight the

adaptive abilities of the smart classroom which could support the individual learning,

and underline the interactive supports which were supported by all type of the smart

technologies (Silva and Restivo 2009; Yang and Lin 2010). In a smart classroom envir-

onment, it will be easier to stimulate students’ learning motivation, promote students’

active learning behavior, and achieve good learning performance (Liu et al. 2011).

This study summarizes the features of smart classroom. 1) The smart classroom is a

technology-rich, physical and virtual combined learning environment which has the

ability of context awareness and can adjust their environmental parameters like light

and temperature automatically. 2) The smart classroom could provide the learning con-

tents, interaction support, and constructive learning tools for all type of the teaching
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and learning activities, including personalized learning, group learning, inquiry learn-

ing, collaborative learning, mobile learning, and virtual learning. The smart classroom

conducive to student-centered learning gives students the adaptive learning support for

active learning and constructive learning activities. 3) The smart classroom has the

ability to store, collect, compute, and analyze the massive data of learners to do the

optimized pedagogical decisions. 4) The smart classroom is an open learning environ-

ment to bring the students to an authentic learning context. It can stimulate students’

learning motivation, engage students’ creation, and give students hands-on learning

experience effectively.
The inventories for measuring technology integration classroom

Trickett and Moos (1973) described a schema for describing the classroom environ-

ment in three dimensions: system maintenance and change, personal development, and

relationship. The integration of technologies into the classroom also made some change

in the three dimensions.

In the past industrial era, the instruction technologies such as lantern slides, pro-

jector, film and television set were applied in the classrooms. Those kinds of technolo-

gies can make the teachers’ instruction content spread wider, can make the teachers’

voice louder, and even can record some audio and visual information which would be

learned without teachers. The audio-visual technologies promoted the classroom envir-

onment coming into the electronic era. They become an information transfer medium

between teachers and students and make the teacher-centered pedagogical activities

more robust and more efficient.

Since early 1990s, the computers were used in the classrooms. Carter (1990) con-

firmed the new technology would construct a new learning environment. Newhouse

(2001) considered the computers increase the complexity of the traditional education

relationship, for “all elements of the traditional classroom learning environment need-

ing to interact with both the hardware and software”. Differed from the audio-visual

technology, the mutual interactive abilities of the computers are able to instruct the

students’ learning activities, and have the possibility to make student-centered class-

room to be reality.

The computer changes the physical appearance of classroom environment, the teach-

ing and learning theory and practice, as well as the relationship between teacher and

student. The computer replaces some works of teachers; it can give students learning

information, can communicate with students and make diagnose for students’ learning

activities. Based on its powerful interaction and computation abilities, the computer

has the possibility to give each student customized rather than those standardized

learning procedure that in the traditional teacher-centered classroom. In order to ac-

curately describe the new characteristic, some inventories for the computerized class-

room were developed.

Aldridge et al. (2004) developed the Technology-Rich Outcomes-focused Learning

Environment Inventory (TROFLEI). It includes 8 dimensions namely student cohesive-

ness, teacher support, involvement, investigation task orientation, cooperation, equity,

differentiation, computer usage, and young adult ethos. Wu et al. (2009) developed the

Technology Integrated Classroom Inventory (TICI), including technological enrichment,
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inquiry learning, equity & friendliness, student cohesiveness, understanding & encourage-

ment, competition & efficacy, audiovisual environment, and order. Maor and Fraser

(1996) developed “Computerized Classroom Environment Inventory”. It includes investi-

gation, open-endedness, organization, material environment, and satisfaction. Based on

the application of portable computers in the secondary school math class, Newhouse et al.

(1998) developed the New Classroom Environment Instrument (NCEI), including 8 di-

mensions namely involvement, affiliation, teacher support, group work, competition,

order and organization, teacher control, innovation. Each dimension includes 7 items.

Zandvliet et al. (1999) focused on the physical appearance of computerized class-

room, he constructed the Computerized Classroom Ergonomic Inventory to describe

the physical environment and equipment of the classroom, including workspace environ-

ment, computer environment, visual environment, spatial environment, and air quality.

These existing inventories like TROFLEI, TICI, and NCEI have proved to be effective

tools for assessing computerized classroom. Been looked as the advanced stage of com-

puterized classroom (Huang et al. 2012), these inventories could be used to assess

smart classroom. However, with integration of emerged information technologies, sev-

eral measurements such as flexibility use of smart classrooms, adaptive learning sup-

port, and offering of authentic learning experience are more significant in the smart

classroom environment. They have not been considered in the existing inventories. The

exclusion of such distinct features will obscure the characteristics of smart classroom

to be fully reflected. The aim of the study is to develop a comprehensive instrument fo-

cusing on all the characteristics of smart classroom, as well as addressing the limitation

of previous inventories.
Research design and methodology

This study started to develop the smart classroom inventory by initially gathering sali-

ent scales from existing inventories. The smart classroom is the technology-rich class-

room, so the study chose the Technology-Rich Outcomes-Focused Learning

Environment Inventory (TROFLEI), and Technology Integrated Classroom Inventory

(TICI) to develop the smart classroom inventory. Considering the smart classroom has

much change in spatial design and technology equipment, the study also chose Computer-

ized Classroom Ergonomic Inventory (CCEI) to construct the smart classroom inventory.

This study chose specific scales from various existing instruments in relation to the

features of smart classroom. For example, TROFLEI’s computer usage scale and TICI’s

technological enrichment scale measure the application of computer for teaching and

learning activities were selected. CCEI’s workspace environment scale describing the

spatial arrangement of classroom was also selected. At last, eight scales namely work-

space environment, spatial environment, computer usage, differentiation, investiga-

tion, cooperation, learner’s cohesiveness, and equity are selected from the three

inventories (Li et al. 2014).

The items of each collective scale were added into the item pool. If there was more

than one scale with identical meaning, only one was retained. For example, TROFLEI’s

investigation and TICI’s inquiry learning have similar meaning; this study selected the

TROFLEI’s investigation items into the item pool. For some critical features of smart

classroom, such as flexibility use of smart classroom, learner-data-based pedagogical
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decision-making and adaptive learning support, and authentic learning experience were

not included. The study added the dimension of “flexibility”, “learning data”, and

“learning experience” into the item pool. By this way, an original inventory which con-

tains 10 dimensions and 63 items was derived. The detailed information can be found

in the pilot research of Li et al. (2014).

Discussed with two experts in the domain of educational technology and 3 teachers

in primary and secondary schools with rich teaching experiences in e-learning, 3 items

are deleted. Fifteen students aged from 12 to 14 in primary and secondary schools had

the pre-tests of the second version 60-item scale, with 2 items were revised. Then the

smart classroom inventory was determined as shown in Table 1.
Method
Sample

In China, many schools usually choose students in Grade 4 to Grade 8 to carry out the

pilot study towards e-learning, so 436 students aged from 11 to 15, in 16 computer apply-

ing classes of 10 primary and secondary schools in metropolitan area of Shenzhen and

Beijing, China were involved. The demographics of the students are shown in Table 2.

These 10 schools all have put e-learning into practice for more than one decade; and the

information infrastructure are well built. All the students have the experience of learning

in the 1 to 1 learning environment with tablet PCs and wireless network.
Table 1 Description of the scales of Smart Classroom Inventory (SCI)

Scale name Scale description Sample items

Physical design The extent to which the spatial area, furniture
equipment, and information technology
infrastructure of smart classrooms.

I have adequate workspace for putting
textbooks, tablet PCs and other resources.

Flexibility The extent to which the comfortable
support for users by classroom
environment.

The classroom can be a theater, a group
working place or other scenes for different
learning purposes.

Technology usage The extent to which students use
information technology as a tool to learn
and to access information.

I deal with my assignments using
computer or other digital devices.

Learning data The extent to which the information
technology was used to acquire and
compute the learning data of the users.

I can find out my learning history, like my
homework, and discussions in the last semester
using computers or other digital devices.

Differentiation The extent to which teachers cater for
students differently on the basis of ability,
rates of learning and interests.

I can learn at my own pace.

Investigation The extent to which skills and processes of
inquiry and their use in problem solving
and investigation are emphasized.

I carry out investigations to test my ideas.

Cooperation The extent to which students cooperate
with one another on learning tasks.

I can cooperate with somebody outside
the classroom through Internet when
doing assignment work.

Students cohesiveness The extent to which students know, help
and are supportive of one another.

I am friendly to members of the class.

Equity The extent to which students are treated
equally by the teacher.

I am treated in the same way as other
students in this class.

Learning experience The extent to which students’ satisfaction
and some special learning experience in
smart classroom.

The devices and software help me to get
hands-on experience with the learning
objects or learning context.



Table 2 The demographics of the students in the survey

Gender School Age City

Female Male Primary Secondary 11 12 13 > = 14 Shenzhen Beijing

211 225 302 134 77 177 141 41 252 184
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Translation

The SCI, which had been developed in English, had to be translated into Chinese. As

all the researchers have bilingual education background, a brief back-translation

process was conducted. First, the SCI was translated from the source language of English

to the target language of Chinese. A draft of the Chinese version was prepared by the re-

searchers and revised by other three colleagues if they did not agree with the translations.

All of these colleagues have PhDs in Education from USA or Hong Kong universities and

work at colleges of education in different universities in Hong Kong and mainland China.

Then three individuals who were not involved in the research, and did not read the

English version of the SCI before were asked to translate the Chinese version of SCI back

into English. There were no major discrepancies between the different versions, or be-

tween the original SCI in English and the version that resulted from the back-translation.

Finally, the researchers assessed and discussed the responses and the final Chinese version

of SCI was prepared.
Test

With the approval of the school administration, a questionnaire survey was conducted

with the targeted students. The questionnaire contained a cover sheet for recording the

survey details, and a student questionnaire. The student questionnaire included three

sections: the participants’ basic information, the actual form for classroom perception

questions, and the preferred form for classroom perception questions. The actual class-

room questions asked about the current learning environment; and the preferred class-

room questions asked about the ideal learning environment of the students. All

questions were worded using a positive scoring direction and measured using a 5-point

Likert-type scale with anchors from almost never (scored as 1) to almost always (scored

as 5). Twenty-seven questionnaires were discarded due to incomplete data. Finally 409

students’ effective responses were used for data analysis.
Result
Verification of the instruments

All the data were analyzed by SPSS 21.0. The results of Cronbach’s alpha coefficient for

each scale and exploratory factor analyses (EFA) on the Actual and Preferred Forms of

the SCI are shown in Table 3. A principal components analysis with varimax with

Kaiser Normalization rotation yielded 10 factors for the actual form of SCI. Items with

factor loading values below 0.4 on their own scales or greater than 0.4 on each of the

other scales were eliminated.

The result of correlation of a scale with the remaining scales for each of the 10 scales

for actual form is shown in Table 4. The correlations between scales for the Actual

form ranged from 0.14 to 0.65. It suggested that most of the SCI scales had adequate

discriminant validity for use in its Actual forms.



Table 3 Exploratory factor analysis and Cronbach’s alpha values for both forms of the
ten factors of the smart classroom survey

Factors and Items Aa Pb

Factor1: Physical design (PD), Actual α = 0.61, Preferred α = 0.84

I have adequate workspace for putting textbooks, tablet PCs and other resources. 0.54 0.76

I can easily read the content on the screen in any lighting conditions. 0.73 0.74

In the classroom I can see the teacher’s instruction and the classmate’s presentation all together. 0.75 0.72

The classroom is quiet; I can hear what the teacher and other students say clearly. 0.45 0.74

Factor2: Flexibility (FL), Actual α = 0.62, Preferred α = 0.57

The classroom is climate controlled with localized temperature and humidity controls. 0.70 0.44

The classroom can be a theater, a group working place or other scenes for different learning purposes. 0.59 0.62

I can only access into school using my authentication. 0.69 0.53

Factor3: Technology usage (TU), Actual α = 0.85, Preferred α = 0.84

I deal with my assignments using computer or other digital devices. 0.82 0.81

I submit my assignments to teachers using computer or other digital devices. 0.76 0.76

I obtain the information related to learning with computers or other digital devices. 0.80 0.56

I use the computer to read lesson notes prepared by the teacher. 0.79 0.52

Factor4: Learning data (LD), Actual α = 0.75, Preferred α = 0.62

My parents can acquire my learning status in school from some apps or digital communication
platforms easily.

0.71 0.69

I can find out my learning history such as my homework, and discussions using computers or
other digital devices.

0.68 0.60

I have my own learning e-portfolio. 0.61 0.58

Factor5: Differentiation (DI), Actual α = 0.80, Preferred α = 0.85

I have the possibilities to learn at my own pace in my class. 0.67 0.63

I have the possibilities to choose the learning tasks to be completed in my class. 0.70 0.79

I have the possibilities to choose the different materials for learning in my class. 0.69 0.80

I have the possibilities to choose the different assessment for learning in my class. 0.62 0.67

Factor6: Investigation (IN), Actual α = 0.85, Preferred α = 0.90

I have the possibilities to carry out investigations to test my ideas in my class. 0.66 0.74

I am asked to provide evidence that supports my views in my class. 0.66 0.75

I have the possibilities to carry out investigations to answer questions coming from teachers
or discussions in my class.

0.77 0.79

I have the possibilities to find out answers to questions by doing investigations in my class. 0.75 0.78

I have the possibilities to design my own ways of investigating problems in my class. 0.65 0.76

Factor7: Cooperation (CO), Actual α = 0.77, Preferred α = 0.82

I have the possibilities to cooperate with other students when doing assignment work in my class. 0.68 0.65

I have the possibilities to cooperate with somebody outside the classroom through Internet
when doing assignment work in my class.

0.66 0.66

I have the possibilities to discuss with virtual partners when doing assignments in the classroom. 0.47 0.56

I have the possibilities to share my data and resources with other students when doing
assignments in my class.

0.59 0.61

Factor8: Students cohesiveness (SC), Actual α = 0.77, Preferred α = 0.84

I make friends among students in the class. 0.76 0.71

I am friendly to members of the class. 0.83 0.79

I help other class members. 0.74 0.75

Factor9: Equity (EQ), Actual α = 0.82, Preferred α = 0.80

The teacher takes a personal interest in me. 0.84 0.84
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Table 3 Exploratory factor analysis and Cronbach’s alpha values for both forms of the
ten factors of the smart classroom survey (Continued)

The teacher considers my feelings. 0.79 0.81

I am treated in the same way as other students in this class. 0.70 0.51

Factor10: Learning experience (LE), Actual α = 0.74, Preferred α = 0.79

I am motivated by the multi-media learning contents. 0.76 0.81

The devices and software are easy to use. 0.70 0.70

The devices and software help me to get hands-on experience with the learning objects
or learning context.

0.69 0.61

Note. A: Actual form, P: Preferred form. Actual form total variance explained: 65.21%, overall alpha: 0.92. Preferred form
total variance explained: 71.30%, overall alpha: 0.94.
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Thus, as shown in Table 3, a total of 36 items in 10 factors were extracted, with

the KMO 0.90 and total accounting for 65.21% of the explained variance in actual

form and KMO 0.92 and total accounting for 71.30% of the explained variance in

preferred form.

Based on the result of EFA, a new survey was conducted to 240 primary and second-

ary students in Beijing, using the new SCI with 10 factors and 36 items for confirm-

ation factor analyses (CFA) on the Actual and Preferred Forms. The result of CFA for

SCI is shown in Table 5. With the exception of Actual form’s NFI 0.86 and Preferred

form’s GFI 0.88 which are very near the recommended values of 0.90, all fit indices for

the measurement model exceeded the recommended values for the respective indices

according to common criteria. Altogether, the fit indices indicated that the hypothe-

sized model was well fitted with the data collected and the instrument was provided

with construct validity.
Students’ perception of smart classroom

The Mean, Standard Deviation (SD), T-test, and Cohen’s d for both Actual and Pre-

ferred forms are shown in Table 6. Cohen’s d is an effect size used to indicate the stan-

dardized difference between two means. In the Actual form, the factor of Students

Cohesiveness got the highest score, and the factor of Differentiation got the lowest

score. In Preferred form, the factor of Students Cohesiveness also got the highest score,
Table 4 Correlation for actual form of the ten factors of the smart classroom survey

Factors PD FL TU LD DI IN CO SC EQ LE

Physical design 1

Flexibility .38** 1

Technology usage .32** .41** 1

Learning data .28** .44** .40** 1

Differentiation .29** .45** .42** .58** 1

Investigation .25** .34** .24** .49** .55** 1

Cooperation .27* .38** .30** .48** .50** .65** 1

Students cohesiveness .27** .20** .14** .14** .18** .33** .37** 1

Equity .27** .20** .19** .29** .30** .38** .38** .46** 1

Learning experience .30** .27** .26** .35** .36** .41** .39** .37** .48** 1

Note. **p < .01.



Table 5 Confirmation factor analysis for both forms of the ten factors of the smart
classroom survey

Goodness-of-fit measure

χ2 df χ2/df GFI AGFI CFI NFI TLI RMR RMSEA

Actual 672.45 615 1.09 0.90 0.88 0.99 0.86 0.98 0.08 0.02

Preferred 841.90 586 1.44 0.88 0.85 0.97 0.90 0.96 0.05 0.04
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while the factor of Learning Data got the lowest score. Students’ perception of all the

ten factors has significant difference between Actual and Preferred forms.

As shown in Figure 1, there is a big gap between the students’ perception of the

current learning environment and the ideal learning environment, especially in the fac-

tors of Differentiation, Flexibility, Technology Usage, and Learning Data. Mean for

these several factors in Actual form are below average score 3. The gap for factors of

Students Cohesiveness and Equity is relative small. The means for the two factors in

Actual form are the highest two scores among all the ten factors.
The differences in perception of smart classroom between female and male students

The Mean, Standard Deviation (SD), and T-test for both female and male students’ per-

ception of smart classroom in both actual and preferred forms are respectively shown

in Table 7 and Table 8.

Except a few scales such as Flexibility in actual form and Investigation in preferred

form, the scores in all the other scales of female are higher than those of male. The re-

sult indicates that female students have more positive attitude to smart classroom.

In current situation, besides the Learning Data, there are significant gender differ-

ences existing in the students’ perception of relationships in the classroom, namely

Students Cohesiveness, and Equity.

Well in the preferred form, the gender differences also exist in the students’ percep-

tion of relationships in the classroom, namely Students Cohesiveness, and Equity, as

well as in the perception of experience in the classroom, namely Flexibility, and

Learning experience.
Table 6 Summary of measurement scales of students’ perception of smart classroom for
both forms

Factors Mean SD T-test Cohen’s d

Act. Pref. Act. Pref.

Physical design 3.51 4.42 0.85 1.14 −13.62*** −0.91

Flexibility 2.84 4.40 1.23 1.12 −18.43*** −1.32

Technology usage 2.97 4.45 1.23 1.18 −17.00*** −1.23

Learning data 2.63 4.20 1.34 1.17 −17.71*** −1.25

Differentiation 2.60 4.44 1.16 1.14 −22.86*** −1.60

Investigation 3.16 4.29 1.14 1.21 −13.39*** −0.96

Cooperation 3.37 4.50 1.09 1.09 −14.39*** −1.04

Students cohesiveness 4.18 4.75 0.98 1.06 −6.67*** −0.56

Equity 3.82 4.65 1.17 1.15 −9.29*** −0.72

Learning experience 3.51 4.60 1.15 1.13 −11.14*** −0.96

Note. ***p < .001.
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Figure 1 Cohen’s d for both forms of the ten factors of the smart classroom survey.
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The differences in perception of smart classroom between primary and secondary

school students

The Mean, Standard Deviation (SD), and T-test for both primary and secondary school

students’ perception of smart classroom in both actual and preferred forms are respect-

ively shown in Table 9 and Table 10.

Table 9 shows that except Learning Data, the scores in all the other scales of second-

ary school students are higher than those of primary students. There are significant dif-

ferences in students’ perception of the scales of Technology Usage, Learning Data,

Students Cohesiveness, Equity, and Learning Experience in current situation.

But in preferred form, as shown in Table 10, there are not differences in perception

of smart classroom between the primary and secondary school students. And the scores

in scales such as Physical Design, Flexibility, Differentiation, Students Cohesiveness,

and Equity of primary students are higher than secondary students.
Discussion
The feature of SCI

This study employed the exploratory and confirmatory factor analysis to validate the

psychometric structure of a new instrument for smart classroom—namely, Smart
Table 7 Summary of measurement scales of both female and male students’ perception
of smart classroom for actual forms

Factors Mean SD T-test

Female Male Female Male

Physical design 3.53 3.49 0.82 0.86 0.70

Flexibility 2.84 2.84 1.21 1.23 −0.20

Technology usage 3.00 2.94 1.21 1.20 0.59

Learning data 2.76 2.51 1.36 1.27 2.11**

Differentiation 2.58 2.61 1.11 1.16 −0.15

Investigation 3.19 3.13 1.04 1.08 0.56

Cooperation 3.41 3.33 1.01 1.01 0.58

Students cohesiveness 4.31 4.06 0.71 0.90 3.28***

Equity 3.94 3.71 0.85 1.04 3.62***

Learning experience 3.54 3.48 1.00 1.13 0.41

Note. **p < .01, ***p < .001.



Table 8 Summary of measurement scales of both female and male students’ perception
of smart classroom for preferred forms

Factors Mean SD T-test

Female Male Female Male

Physical design 4.49 4.35 0.67 0.83 1.62

Flexibility 4.50 4.31 0.76 0.94 2.26**

Technology usage 4.47 4.43 0.90 1.00 0.48

Learning data 4.29 4.12 0.83 1.10 1.95

Differentiation 4.47 4.42 0.83 0.92 0.33

Investigation 4.22 4.35 0.97 0.95 −1.14

Cooperation 4.53 4.48 0.90 0.90 0.59

Students cohesiveness 4.83 4.68 0.47 0.64 2.95**

Equity 4.72 4.58 0.53 0.75 2.40**

Learning experience 4.69 4.51 1.31 0.81 2.08**

Note. **p < .01.
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Classroom Inventory (SCI). The SCI consists of critical aspects derived from the

current instruments. Although some items were withdrawn by the instrumentation,

these do not threaten the factor structure.

Based on the empirical results, the SCI is distinctive from existing technology-

oriented learning environment instruments. First, the SCI redefines the physical ap-

pearance of the learning environment by incorporating additional factors as Physical

Design and Flexibility. The factors of Physical Design and Flexibility differ from TICI’s

Audiovisual Environment, which emphasize more on spatial arrangement, and the ad-

justment of classroom environment parameters, like light and temperature. Second, the

information technology used in classroom environment in SCI is tailored to the general

technological usage in smart classrooms. They emphasize more diversified application

of other digital devices besides computer, and classroom’s access to Internet, such as “I

can cooperate with somebody outside the classroom through Internet when doing as-

signment work”. Third, the SCI considers the smart technological impacts to teaching

and learning activities and learning experience according to the previous findings, and

tailor to technology supportive learning scenarios in smart classroom, such as “the
Table 9 Summary of measurement scales of both primary and secondary students’
perception of smart classroom for actual forms

Factors Mean SD T-test

Primary Secondary Primary Secondary

Physical design 3.50 3.53 0.80 0.93 −0.44

Flexibility 2.79 2.95 1.24 1.13 −1.49

Technology usage 2.83 3.28 1.19 1.15 −4.37***

Learning data 2.71 2.45 1.35 1.18 2.25**

Differentiation 2.59 2.62 1.15 1.07 −0.31

Investigation 3.12 3.25 1.03 1.15 −1.48

Cooperation 3.31 3.51 0.99 1.06 −0.94

Students cohesiveness 4.13 4.29 0.82 0.85 −2.03**

Equity 3.71 4.07 0.99 0.88 −3.35**

Learning experience 3.45 3.64 1.08 1.06 −2.10**

Note. **p < .01, ***p < .001.



Table 10 Summary of measurement scales of both primary and secondary students’
perception of smart classroom for preferred forms

Factors Mean SD T-test

Primary Secondary Primary Secondary

Physical design 4.51 4.21 0.70 0.92 1.13

Flexibility 4.42 4.35 0.81 1.01 0.79

Technology usage 4.42 4.51 0.96 0.95 −0.16

Learning data 4.19 4.22 1.00 0.96 −0.25

Differentiation 4.45 4.42 0.90 0.84 0.13

Investigation 4.24 4.40 0.95 0.98 −1.11

Cooperation 4.45 4.61 0.90 0.90 −0.73

Students cohesiveness 4.76 4.73 0.56 0.61 0.79

Equity 4.68 4.58 0.61 0.82 1.74

Learning experience 4.56 4.69 0.72 1.72 −0.86
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devices and software help me to get hands-on experience with the learning objects or

learning context”. Overall, the SCI is verified as a parsimonious instrument for asses-

sing the technology-rich smart classroom.

The factor of Learning Data is retrieved in the SCI. Some researchers indicated that

smart classroom can give adaptive learning support to the student by detecting, record-

ing, and analyzing the students’ entire learning statuses (Dogan and Camurcu 2007;

Zhang et al. 2009; Latham et al. 2012). Students’ learning data is the basis for con-

structing learning model and giving the individualized learning diagnosis. The study in-

dicates that massive learning data analysis is the key feature of smart classroom which

is distinguished from the traditional computerized classroom.

The factor of Learning Experience is also retrieved in the SCI. Researches indicated

that students have the positive attitude to the learning experience in smart classroom,

for the smart technologies or smart devices give the students possibility to interact,

communicate with learning content and learning object under the real and virtual com-

bined learning context, and give the students possibility to be individually concerned

(Özyurt et al. 2013; Yang et al. 2013). In the smart classroom students can get the

unique learning experience, their learning interest and learning motivation are engaged

by the open and authentic smart learning environment.

As shown in Table 4, the correlation coefficient between Technology Usage and other

two factors as Learning Data and Differentiation are higher than 0.41. It confirms that

the Technology Usage level plays an important role in the adaptive learning support for

students in smart classroom. The correlation coefficient between Learning Data and

other three factors for learning activities as Differentiation, Investigation, and Cooper-

ation are higher than 0.48, which confirms that Learning Data are the basis for smart

learning activities. Survey for the Actual form shows those students’ perceptions of

Flexibility, Technology Usage, and Learning Data are lower. It implies that in current

situation, the core features of smart classroom are still not applied in classroom appro-

priately. However students are very eager for getting more targeted and personalized

learning help in their own learning activities with the support of technology in smart

classroom, which is reflected by Cohen’s d value of Flexibility, Learning Data, and

Technology Usage.
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Differed from Flexibility, Technology Usage, and Learning Data, one of the core

factors of smart classroom, the Physical Design gets a relatively high score of 3.51 in

Actual form. The study attributes that to the large amount of information technology

infrastructure investments in primary and secondary schools in China during the past

decade. Shenzhen is one of the most economically developed areas in China and Beijing

is the capital of China. They accept a large amount of financial allocation on e-

education construction every year. Many schools in Shenzhen and Beijing have

equipped with tablet PCs, interactive desks, and large surface interactive screens, which

make them precede of smart schools pilot programs in China.

In current situation, students’ perception of learning activities tends to be negative,

especially in factor of Differentiation, which gets the lowest score of 2.6 among all of

ten factors. The study attributes that to the traditional teacher-centered pedagogical

theory and teaching practice still dominate the class in these schools, although they

have been equipped with advanced software and hardware. The survey reflects that stu-

dents expect for more individualized and active learning activities. It implies that China

should pay more attention to pedagogical innovation and speed up the change to the

student-centered learning models.

All students involved in the survey have had the learning experience in the

technology-rich classroom, so the score of Learning Experience is above average level.

And students in Shenzhen and Beijing are always affected by traditional culture of

China like solidarity, and friendliness, so students’ perception of Student Cohesiveness

and Equity are much higher.
The differences in perception of smart classroom of both gender and school settings

The study finds that there are significant differences in students’ perception of Student

Cohesiveness and Equity in smart classroom between female and male students in both

current and desired situations. The result indicates that female students are more sensi-

tive to the student-student, and student-teacher relationships in the learning

environments.

Although, the score in Learning Data is relatively low among all the ten scales, the

female students are still having difference with the male students. The study attributes

it to the female students are often study hard and pursue the good academic grades

than the male students do in China. Even in current situation, the build of Learning

Data is not perfect, but it still useful for female students’ learning.

In the desired situation, the female and male students have differences in Flexibility,

and Learning Experience. Actually, these two scales emphasize the students’ psycho-

logical feeling of their interaction with the physical learning environment, learning

devices, as well as learning activities in smart classroom. For example, “The classroom

is climate controlled with localized temperature and humidity controls”., and “The devices

and software are easy to use”. The study also classified these two scales to the relationships

in learning environment, namely human-space, human-machine relationships. The result

further indicates that female students pay more attention to the varying relationships in

smart classroom than male students. Therefore, in addition to the technical elements, the

smart classroom design should increase more humane and emotional elements for

students especially for the female students.
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As shown in Table 9, except Learning Data, the secondary school students have more

positive attitude to current classroom situation than the primary school students. And

there are significant differences in the scales of Technology Usage, Learning Data,

Students Cohesiveness, Equity, and Learning Experience.

The secondary school students always have had the experience of integrating infor-

mation technology into their learning activities when they were in primary schools.

They accumulate more abundant technology usage experiences and more profound

learning experience than primary school students. Comparing with the primary

school students, the secondary students are more sophisticated in the students-

students relationship and the students-teachers relationship. So it is easy to interpret

the differences in those scales of Technology Usage, Learning Experience, Students

Cohesiveness, and Equity.

The difference in Learning Data is more complex. The score of “My parents can

acquire my learning status in school from some apps or digital communication

platforms easily” is 2.92 in primary school students and 2.66 in secondary school

students. And the score of “I can find out my learning history such as my home-

work, and discussions using computers or other digital devices” is 2.76 in primary

school students and 2.17 in secondary school students. The study finds that there

are big gaps in these two questions of Learning Data between primary and second-

ary school students. Researchers think that the usages of learning data have to rely

on the function of platform as well as the students’ understanding of the applica-

tion of learning data. Primary school students always use the simple function of

the platform to support their learning according to their information literacy level,

so they can acquire more intuitive feeling of learning data usage than secondary

school students.

In the desired situation, all the scales of perception of smart classroom have no

significant differences between primary and secondary school students. The result

indicates that two groups have the similar expectations of the future smart class-

room. The interesting phenomenon is the primary school students have more ex-

pectation of equipment, space design, and relationships in the future classroom,

and the secondary school students pay more attention to deep learning activities

and learning experience in the future smart classroom, which is shown in Table 10.

The result infers the different demands in different age users, so the smart class-

room should consider multi-level intelligence learning activities for each stage

students within K12.
Conclusion
This study has developed the Smart Classroom Inventory (SCI) using data from

primary and secondary schools in China. The results of validation support the fact that

SCI has a parsimonious structure and sound psychometric properties. Ten factors

consisting of 36 socio-psychosocial and physical items are included in SCI in order to

assess students’ perception of smart classroom in current and ideal situations.

The Physical Design, Flexibility, Technology Usage, and Learning Data have proved

to be the core features for smart classroom environment, and they construct the basis

for Differentiation, Investigation, and Cooperation learning activities, as well as the



Li et al. Smart Learning Environments  (2015) 2:3 Page 16 of 18
Learning experience. Students Cohesiveness and Equity will reflect some change in

relationship of students and teachers in smart classroom.

Although the SCI is developed on the same schema as the existing digital classroom

inventories, like TROFLEI, TICI, and CCEI, it highlights the most critical features of

the smart classroom, which are shown in Table 11.

Through adding Physical Design, Flexibility, and Learning Experience, the SCI

extends the content of System maintenance and change from the equipment of

devices in the digital classroom to the interaction of human and learning environ-

ments. All the furniture, devices, and software in the classroom should be well

designed to facilitate the students-centered learning and give the students and

teachers vivid and convenient feelings during their teaching and learning process.

The SCI adds the Learning Data to the inventory to emphasize the importance and

the feasibility of Learning Data in the smart classroom. As without the usage of 1 to

1 digital devices, learning data which is the basis of learning analysis, was difficult

to collect, storage, analyze, and apply to the teaching and learning activities before.

And now in the smart classroom learning data will be the key for personal

development.

Using SCI to assess the Actual and Preferred discrepancies of smart classroom

learning environment finds there are significant differences in all of the ten factors.

Students’ perception of Differentiation learning is the largest actual–preferred dis-

crepancies within the smart classroom learning environment. The factors of Flexibil-

ity, Technology Usage, and Learning Data follow. These suggest the importance of

innovative application of the current information equipment, and schools should pay

more attention to satisfying students’ personalized learning demands.

The differences between the gender and between the school settings indicate that

smart classroom should integrate both the technology and the humanities factors into

the design and application of smart classroom, as well as design multi-level learning

activities to satisfy the choice of students in difference ages.

In the future, the research will focus on optimization of the inventory, and apply

the inventory to multi-cultural students and teachers for further validation.
Table 11 The comparison of SCI and existing digital classroom inventories

Trickett and moos schema Existing inventories SCI

System maintenance and change Computer usage1, Audiovisual environment2,
Technological enrichment2, Workspace environment3,
Computer environment3, Visual environment3,
Spatial environment3, Air quality3

Physical design

Flexibility

Technology
usage

Learning
experience

Personal development Task orientation1, Investigation1, Cooperation1,
Differentiation1, Inquiry learning2, Competition & efficacy2

Differentiation

Investigation

Cooperation

Learning data

Relationship Learners cohesiveness1, Teacher support1, involvement1,
Equity1, Learner cohesiveness2, Understanding &
encouragement2, Equity & friendliness2, Order2

Students
cohesiveness

Equity

Note. 1TROFLEI, 2TICI, 3CCEI.
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