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Abstract. This study uses the PISA database to explore the impact and mecha-
nism of classroom environment on academic performance in distance education.
The analysis results show that (1) after controlling for family background and
daily learning time, the classroom environment has a significant positive predic-
tive effect on academic performance; (2) Subject self-efficacy partially mediates
the relationship between classroom environment and academic performance; (3)
The direct effect of classroom environment on academic performance and the
mediating effect of subject self-efficacy are all moderated by teaching media (re-
mote and offline). Moreover, in remote education, the predictive effect of class-
room environment on academic performance, classroom environment on self-ef-
ficacy, and self-efficacy on academic performance are weaker than in online
teaching. This study is conducive to revealing the pathway of the impact of class-
room environment on academic performance and the influence of classroom en-
vironment on academic performance in distance education, which has certain en-
lightening significance for the implementation of distance education in secondary
education.
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1 Introduction

In real life, the implementation of formal secondary education is usually carried out
offline, but with the development of emerging technologies, distance education has also
become an important learning tool. The implementation of PISA2022 provides re-
searchers with a window to observe the teaching effectiveness of distance education in
secondary education in depth. The official analysis report of PISA points out that com-
pared to 2015 and 2018, the trend of declining performance in this test is very obvious,
which is related to the occurrence of the epidemic. Meanwhile, this report also points
out that a good classroom environment can significantly improve academic perfor-
mance. [ So, is there a significant difference between the classroom environment of
distance education and offline? If it exists, whether it will significantly affect the level
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of academic performance, and what is the mechanism of action, is a question worth
studying.

1.1 Classroom Environment and Academic Performance

Fraser defines "classroom environment" as the perception or feeling of students or
teachers towards the class or classroom, believing that the learning environment is a
potential factor that determines student development and cannot be ignored by any re-
searcher who hopes to improve the quality of education and teaching. *) The attention
of the educational community to the classroom environment stems from the shift of
educational focus from "teaching" to "learning", which is reflected in the transfor-
mation of classroom teaching from "teaching organization methods" to "learning envi-
ronment design".®! Some scholars believe that research on the classroom environment
should not only focus on the physical environment!¥, More attention should be paid to
students' perception of the classroom environment. ¥ There are two research methods
in the study of students' perception of the classroom environment: one is the objective
research method, in which the participants are experts who evaluate the classroom en-
vironment through observation and analysis; One is subjective research method, with
students as the main participants, mainly using questionnaire survey method to under-
stand students' self classroom perception. [¥! Previous studies have shown that whether
in university!”, middle school®, or elementary school® The classroom environment
can significantly and positively affect students' academic performance. Therefore, H1:
Classroom environment positively predicts academic performance.

1.2 Self efficacy

Self efficacy was proposed by psychologist Bandura, who believes that self-efficacy is
the level of confidence people have in their ability to use their skills to complete a
certain work behavior. Luthans provides a more specific definition: "Self efficacy refers
to an individual's precise belief (or confidence) in their ability to mobilize necessary
motivation, cognitive resources, and a series of actions to successfully complete a spe-
cific task in a certain context." ['% Previous studies have found that in offline, subject
self-efficacy can be mediated by learning optimism, significantly predicting students'
academic performance . ') Under distance education, the influence of internal learning
motivation on subject self-efficacy can also significantly affect learning outcomes. ']
Meanwhile, some studies have also used self-efficacy as a mediator to investigate the
relationship between certain other factors and academic performance. ¥ These studies
indicate that self-efficacy can significantly positively predict academic performance.
Therefore, this study proposes that H2: subject self-efficacy plays a mediating role in
the relationship between classroom environment and academic performance.

1.3 Remote and offline

Distance education and offline, as different teaching media, can have a significant im-
pact on student academic performance. Related research mainly focuses on the design
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of teacher support tools!'*! student self-directed learning guidance!'™), There is rela-
tively little research on distance education in secondary education. Therefore, the inno-
vation of this study lies in exploring whether the mediating effect of self-efficacy on
classroom environment and academic performance also significantly exists in distance
education in secondary education by comparing the differences between distance edu-
cation and offline. This is also the core issue that this study aims to solve. Therefore,
this study selected data from countries that had implemented full distance education for
more than one year before the 2022 evaluation as data for distance education, and se-
lected data from the same country in 2018 as data for offline. Then, these two variables
were set as moderating teaching media, focusing on examining the differences between
classroom environment, subject self-efficacy, and academic performance in distance
education and offline. Therefore, it is proposed that H3: teaching media significantly
moderates the mediating effect of subject self-efficacy in the classroom environment
and academic performance.

Given that during the epidemic, students mainly participate in formal teaching
through online live streaming, which makes the influence of teachers on student learn-
ing weaker than offline at the current stage of remote education. Student learning is
more focused on self-directed learning. As a result, students may not be able to accu-
rately perceive their self-efficacy in certain subjects due to a lack of peer and learning
test references. Therefore, H4: The predictive effect of classroom environment on self-
efficacy and academic performance in distance education is weaker than that in offline,
and the predictive effect of self-efficacy on academic performance is also weaker than
that in offline.

In summary, this study uses subject self-efficacy as a mediating variable and teach-
ing media (remote, offline) as moderating variables to explore the relationship between
classroom environment and academic performance. The hypothetical diagram of its
model is as follows (as shown in Figure 1):

Displinary Efficiency

Class Climate Center Score

Online or Offline

Fig. 1. Hypothetical Model

2 Research Method

2.1  Data Sources and Processing

This study used the Programme for International Student Assessment Database (PISA)
led by the International Organization for Economic and Trade Cooperation (OECD) to



Exploration of the Relationship between Classroom Environment 97

select countries and regions that have been closed for more than 1 year and have
implemented distance education for all students from the PISA2022 database based on
test questions ST347Q01JA and SC214QO01JA as data for distance education. At the
same time, in order to minimize the impact of regional differences, this study selected
the same countries and regions from the PISA2018 database as offline data based on
the above results, merged and cleaned the data, and used SPSS 25.0 and the SPSS macro
program PROCESS developed by Hayes (2013) to organize and analyze the data.

2.2 Variable Definition

2.2.1 Classroom Environment

PISA selects one subject as the focus of each round, PISA2018 is reading, and
PISA2022 is mathematics. This study selected the reading classroom environment in-
dex (DISCLIM) in 2018 and the mathematics in 2022 as the research objects.

2.2.2 Academic Performance

PISA estimates the probability distribution of each student's level in science, math-
ematics, and reading tests using Project Response Theory (IRT), and presents scores
(Plausible Value, PV) with 10 pseudo true values. This study intends to take PV1 to
understand the overall literacy level of students in their subjects. The average of PV1
in the three subjects is then centralized, and the centralized score is obtained as the
research object.

2.2.3 Subject Self-Efficacy

PISA measures subject self-efficacy by assessing the competency of students in key
subjects through a questionnaire. After evaluating their ability to solve several subject
problems raised in the questionnaire, students are asked to choose the following four
options: "1. Not at all confident", "2. Relatively confident", "3. Confident", "4. Very
confident", and ultimately generate a subject competency indicator (SCREADCOMP).
This study intends to select the Reading Competency Index (SCREADCOMP) of
PISA2018 and the Mathematical Competency Index (MATHEFF) of PISA2022 as the
research objects.

2.2.4 Teaching Media (Online Or Offline)

During the PISA2018 testing period, schools mainly used offline, so the data for
2018 was set as variable 0. The data for PISA2022 is set to variable 1 as the data for
distance education

2.2.5 Control Variables

Family background has a high explanatory power on academic performance, there-
fore the family socioeconomic and cultural status index (ESCS) in PISA was selected
as the control variable. In addition, individual learning time can also affect grades, but
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PISA2018 presents a continuous variable and PISA2022 is a level variable. Therefore,
PISA2018 is recoded as a level variable and merged into a control variable.

3 Result Analysis

3.1  Descriptive Statistics, Independent Sample T-Tests, and
Correlation Analysis

The independent sample t-test results (Table 1) indicate that the classroom environment
(p<0.001, M £+ SD=0.022 + 0.989), academic performance (p<0.001, M + SD=448.025
+ 85.587), subject self-efficacy (p<0.001, M = SD=-0.164 + 1.058), and daily learning
time (p<0.001, M + SD=3.45 £ 1.675) of distance education are significantly lower
than those of offline (p<0.001, M + SD=0.094 + 1.059), Academic performance
(p<0.001, M £+ SD=486.773 + 90.116), subject self-efficacy (p<0.001, M + SD=0.057
+ 0.976), daily study time (p<0.001, M £+ SD=5.24 + (0.745), but family background
(p<0.001, M £+ SD=2.529 + 16.553) is significantly higher than offline. This may be
because students from schools that can be closed for one year and receive full distance
education have a good family background.

Table 1. summarize statistic and comparison of main variables between online and offline

o -
Variable Mean SD  Group Mean :E.Stzfndard 95%CL T-test
Deviation Upper Lower  t-value
offline  486.773+90.116 487.125 486.420
M 482.519 90.445 74.595%**
ean online  448.025+85.587 448.980 447.070
Displinary 0266 1.103 ofﬂ.me 0.057+0.976 0.061  0.053 34.080%%*
Efficacy online -0.164+1.058 -0.152 -0.176
Class Cli- oo 1 o5y Offline 009451059 0.098 0090 || coo,,
mate online 0.022+0.989 0.033 0.011
Dall}{ Study 5042 1.055 ofﬂ.lne 5.24+0.745 5.24 5.24 184.916%**
Time online 3.45+1.675 3.47 3.43
i - i -0. +1. -0. -0.
Family Sta. 0172 5.632 Ofﬂ.me 0.119+1.033 0.115 -0.123 8.096#**
tus online 2.529+16.553 2.714 2344

wHk < ()] *4p< (05, %p<. ]
The partial correlation analysis results (Table 2) after controlling for learning time,
family background, and school background indicate that subject self-efficacy is posi-
tively correlated with score and disclosure climate (p<0.001), while subject self-effi-
cacy in remote teaching is significantly lower than that in offline (p<0.001). Academic
performance is significantly positively correlated with classroom environment
(p<0.001), and distance learning academic performance (p<0.001) and classroom envi-
ronment (p<0.001) are significantly lower than offline.
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Table 2. correlation analysis of main variables

Variable Displinary Academic Class Cli-  Online or
Efficacy achievement mate Offline
Displinary Efficacy 1.000
Academic achievement 0.242%** 1.000
Class Climate 0.110%** 0.107%** 1.000
Online or Offline -0.070%*** -0.134%** -0.02 1 *#** 1.000

#EED< ()] F4p< 05, *p<.]

3.2  Moderated Mediation Model Testing

According to Wen Zhonglin and Ye Baojuan (2014), the moderated mediation model
test requires testing the parameters of three regression equations. Equation 1 estimates
the moderating effect of teaching media (online or offline) on the relationship between
classroom environment and academic performance, while controlling for family back-
ground and study time. Equation 2 estimates the moderating effect of teaching media
(online or offline) on the relationship between classroom environment and subject self-
efficacy. Equation 3 estimates the moderating effect of teaching media (online or of-
fline) on the relationship between subject self-efficacy and academic performance.

The processing results after parameter centralization indicate (Table 3) that in Equa-
tion 1, the classroom environment significantly positively predicts academic perfor-
mance( B=8.912,t=53.24, p<0.001), H1 holds. And the interaction between classroom
environment and teaching media has a significant predictive effect on academic perfor-
mance ( B=- 2.453, t=-4.57, p<0.001), indicating that teaching media significantly
moderates the relationship between classroom environment and academic performance.

The classroom environment in Equation 2 significantly positively predicts subject
self-efficacy ( B= 0.093, t=50.24, p<0.001), and the interaction term between class-
room environment and teaching media has a significant predictive effect on subject
self-efficacy ( B=0.081, t=13.57, p<0.001) This indicates that teaching media signif-
icantly moderates the relationship between classroom environment and subject self-
efficacy.

Equation 3: Significant positive prediction of academic scores in classroom environ-
ment ( B=6.975, t=42.55, p<0.001), subject self-efficacy significantly positively pre-
dicts academic scores ( f=20.844, t=117.22, p<0.001), and partially mediate the im-
pact of classroom environment on academic performance, with a relative effect of
23.80%, H2 holds. The interaction between classroom environment and teaching media
has a significant predictive effect on academic performance ( p=- 3.501, t=-6.62,
p<0.001), the interaction term between subject self-efficacy and teaching media has a
significant predictive effect on academic performance ( f=-3.583, t=-7.11, p<0.001),
in summary, teaching media play a moderating role in the impact of classroom envi-
ronment on academic performance, classroom environment on subject self-efficacy,
and subject self-efficacy on academic performance, i.e. regulating the direct effect of
classroom environment on academic performance and the mediating effect of subject
self-efficacy, H3 is established.
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Table 3. an examination of the moderating mediating effect of class climate on academic
achievement

Regl Academic achiev Reg2 Dispinary Effic Reg3 Academic achiev
Variable ement acy ement
B t 95%CI B t 95%CIL B t 95%ClI
8.83 47.23 [8.470, 9.2 0.02 11.45 [0.020,0. 8.40 46.06 [8.046,8.76

Daily Study Time

Family Status 0.83 27.95 [0.780,0.89 0.00 10.45 [0.003,0. 0.76 26.02 [0.704,0.81
Class Climate 8.91 53.24 [8.584,9.24 0.09 50.24 [0.089,0. 6.97 42.55 [6.654,7.29

Online or Offline -24. -38.84 [-25.968,-2 -0.1 -25.14 [-0.191,- -21. -34.57 [-22.804,-2

720 HEE 34731 77  *** 0.163] 581  kx* 0.357]

Class Climate xOnlin -2.4 -4.57* [-3.506,-1. 0.08 13.57 [0.069,0. -3.5 -6.62* [-4.547,-2.
e or Offline 53 ** 400] 1 xxx 092] 01 *E 469]

20.8 117.2 [20.495,21.

Displinary Efficacy 44 pxEx 192]

Displinary EfficacyxO -3.5 -7.11* [-4.571,-2.
nline or Offline 83 wox 595]
R? 0.040 0.018 0..088

F 2310.57*** 1039.70%*** 3893.73%**

*Hkp< 0], #¥p<.05,*p<.]
In order to reveal the essence of the interaction effect, a simple slope chart was drawn
using the moderating variable 0 as offline and the moderating variable 1 as remote
teaching. As shown in Fig. 2, teaching media significantly moderates the predictive
effect of classroom environment on self-efficacy. Under distance education, the coeffi-
cient of the impact of classroom environment on academic performance is lower than
(B Simple=6.459, p<0.001) offline education (f Simple=8.912, p<0.001). This indi-
cates that the classroom environment has a weaker impact on academic performance in
distance than in offline.

—o— offline

-~ -- online

academic achievement
-
o

-60 e

=70

-80
low class climate high class climate

Fig. 2. the moderating effect of teaching medium on class climate and academic achievement

As shown in Figure 3, in offline, the classroom environment has a significant posi-
tive predictive effect on subject self-efficacy ( B Simple=0.093, p<0.05). Although the
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coefficient of the effect of classroom environment on self-efficacy in distance education

is higher than that in offline, its effect is not significant ( B Simple=0.174, p=0.114).

This means that the effect of classroom environment on subject self-efficacy in distance
is weaker than in offline.
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-0.5

low class climate high class climate

Fig. 3. the moderating effect of teaching medium on class climate and displinary efficacy

As shown in Figure 4, the coefficient of the effect of subject self-efficacy on aca-
demic performance under remote teaching ( B Simple=17.763, p<0.01) lower than of-
fline ¢ B Simple=21.609, p<0.001). This means that the influence of subject self-effi-
cacy on academic performance in distance education is weaker than in offline.

In summary, the predictive effect of classroom environment on self-efficacy and ac-
ademic performance in distance education is weaker than that in offline, and the pre-
dictive effect of self-efficacy on academic performance is also weaker than that in of-
fline. H4 is valid.

30

~—o— offline
-4 online

academic achievement

low displinary efficacy ~ high displinary efficacy

Fig. 4. the moderating effect of teaching medium on displinary efficacy and academic achieve-
ment

4 Discussion

This study explores the impact of classroom environment on academic performance
through a moderated mediation model, further revealing the mediating role of subject
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self-efficacy and the moderating role of teaching media. The research results not only
answer how classroom environment affects academic performance, but also the differ-
ences in the interaction between classroom environment, subject self-efficacy, and ac-
ademic performance in distance education and offline. This helps to gain a deeper un-
derstanding of the relationship between classroom environment and academic perfor-
mance, as well as its internal mechanisms of action.

4.1 Positive Prediction of Academic Performance in Classroom
Environment

This study found that classroom environment positively predicts academic perfor-
mance, which is consistent with previous research. According to Piaget's constructivist
theory, humans constantly construct themselves in the process of interacting with the
environment. Therefore, a good classroom environment can achieve a positive interac-
tion between people and knowledge. In this process, information transmission is com-
pleted, and students can more easily cope with exams, thereby achieving good academic
performance.

4.2  The Mediating Role of Self-Efficacy

This study found that self-efficacy partially mediates the relationship between class-
room environment and academic performance. In other words, the impact of classroom
environment on academic performance is predicted through a direct pathway, and
achieved through the mediating effect of self-efficacy, which is consistent with previ-
ous research. In addition, some external factors such as teacher support , ' or internal
emotional factors, such as academic anxiety,!'” most of them use self-efficacy as a me-
diator to influence academic performance.

4.3  The Regulatory Role of Teaching Media

In remote education, the classroom environment, student self-efficacy, and academic
performance are generally weaker than in offline. Moreover, the impact of classroom
environment on academic performance in distance education is weaker than in offline.
This may be due to the current inability of distance education to achieve better class-
room interaction than offline, which has been reflected in relevant research in higher
education .['81 At the same time, the influence of classroom environment on self-effi-
cacy in distance education is significantly weaker than in offline. This may be due to
the fact that the quality of classroom environment in current distance education is not
as good as in offline, which may lead to students' academic performance relying more
on their self-learning ability rather than classroom factors. The positive predictive ef-
fect of self-efficacy on academic performance in distance education is also weaker than
in offline, which deserves further research.



5

Exploration of the Relationship between Classroom Environment 103

Conclusion

(1) After controlling for family background and daily study duration, classroom envi-
ronment has a significant positive predictive effect on academic performance. (2) Sub-
ject self-efficacy partially mediates the relationship between classroom environment
and academic performance. (3) The direct effect of classroom environment on academic
performance is moderated by teaching media, and the mediating effect of subject self-
efficacy is also moderated by teaching media.(4) The predictive effect of classroom
environment on self-efficacy and academic performance in distance education is
weaker than in offline, and the predictive effect of self-efficacy on academic perfor-
mance is also weaker than in offline.
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