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Abstract: This study reports the findings of a study which investigated junior secondary school
students’ conceptions of and approaches to learning mathematics and their relationships in Mainland
China. Two questionnaires, conceptions of learning mathematics (COLM) and approaches to
learning mathematics (ALM), were administered to 1590 students. Descriptive analysis results
suggest that Chinese junior school students tend to hold (1) higher-level conceptions of learning
mathematics rather than lower-level conceptions, and (2) deep approaches to learning mathematics
with a rather mixed surface and deep motive in learning mathematics. Correlation and regression
analysis results confirm a structural relationship between students’” conceptions of and approaches to
learning in the subject of mathematics. Two factors of students’ lower-level conceptions of learning
mathematics, “memorizing” and “testing”, were the strongest predictor for the surface approaches
to mathematics learning, while students” higher-level conceptions of learning mathematics, such as
“applying” and “understanding and mathematical thinking”, had a noticeable effect on their deep
approaches to learning mathematics. However, under the pressure of examination in Mainland
China, “understanding and mathematical thinking” was also found to exert quite a strong influence
on students’ “surface motive”.

Keywords: conceptions of learning; approaches to learning; mathematics learning; junior secondary
school

1. Introduction

Since the 1990s, numinous international comparative studies (e.g., PISA and TIMSS) have
consistently found that Chinese students, including students from Mainland China, outperform their
Western counterparts in achievements in mathematics [1,2]. However, researchers also found that the
Chinese learning environment, characterized by factors such as large class sizes, expository teaching
methods, and examination-driven curricula [3,4], is “impoverished” [5] according to Western criteria.
Such a paradoxical situation has been identified as the “Chinese Learner Paradox” in the literature [5]
and there has been a great deal of academic research interest in seeking a possible explanation to the
paradox. Factors such as culture [3], the number system and language [6], parental involvement [7],
and classroom instruction [4] have been proposed in previous studies to explain the paradox.

Such factors (e.g., teaching approach and learning resources), however, will only indirectly
relate to students’ achievements in mathematics [5,8]. Factors from students themselves, such as their
conceptions of learning mathematics and the approaches they employed to learn mathematics, will more
directly and closely relate to students” learning outcomes [9,10]. Therefore, to achieve a fuller and
deeper understanding of the “Chinese Learner Paradox” in general and Chinese students” achievements

Sustainability 2019, 11, 2476; doi:10.3390/su11092476 www.mdpi.com/journal/sustainability


http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0003-3520-898X
http://dx.doi.org/10.3390/su11092476
http://www.mdpi.com/journal/sustainability
http://www.mdpi.com/2071-1050/11/9/2476?type=check_update&version=2

Sustainability 2019, 11, 2476 20f 13

in mathematics in particular, information from students should be investigated systematically and
specifically. Indeed, mathematics plays a fundamental role in students’ sustainable development.
Therefore, a solid foundation in school mathematics, even starting from the kindergarten stage,
will facilitate the development of mathematical skills and interdisciplinary and transdisciplinary skills
in later grades and in students’ future life as well [11,12]. Unfortunately, to date, very few studies have
tried to investigate the reasons from the side of students for the interpretation of Chinese students’
success in mathematics, such as their conception of learning and approaches to learn mathematics in
the field of mathematics education in Mainland China [10].

The students’ conception of learning, however, has been identified as academic or school
domain-specific and culturally and contextually dependent [13,14]. Therefore, the impact of a specific
schooling subject and culture on learning and conceptions of learning implies that students from
Mainland China may hold different conceptions of learning mathematics and employ different
approaches to learning mathematics. Moreover, culture is not static but is ever-changing [15] (p. 3-31).
For the mathematics education culture in Mainland China, there has been quite a significant change
since the beginning of this century, as a new wave of mathematics curriculum reform started in
2001. A fundamental and influential change of the new mathematics curriculum is shifting away
from transmitting knowledge from teachers to the construction of knowledge by students, with the
enhancement of connections between mathematics and real-life applications [4].

Such reformed mathematics curriculum ideas should have gradually formed a new mathematics
education culture in Mainland China, which will in turn gradually change students’ conceptions
of and approaches to mathematics learning. However, “there is no systematic work to date that
examines the influence of the changing educational context on the Chinese learner” [15] (p. 12). Until
now, Chinese students’ conceptions of and approaches to mathematics learning under the changing
educational context remain unknown. In view of this, the present study aims to investigate junior
secondary school students’ conceptions of and approaches to mathematics learning in Mainland China
and the relationship between these two constructs.

2. Literature Review

2.1. Conceptions of (Mathematics) Learning

Conceptions of learning refer to students’ views about their learning experiences and their
preferred ways of undertaking the learning process [16,17]. The pioneering work investigating
students’ conceptions of learning was conducted by Saljo [18], who identified five different categories:
(1) increasing of knowledge; (2) memorizing; (3) acquisitions of facts, procedures that can be retained
and/or utilized in practice; (4) abstraction of meaning; and (5) an interpretative process aimed at the
understanding of reality. Following this study, many researchers have investigated conceptions of
learning held by students in different educational contexts and subject domains [14,19,20].

Findings identified in these later studies suggest that students’ conceptions of learning are socially
and culturally dependent [13,14]. For example, Tsai identified seven categories of learning science held
by high school students in Taiwan: (1) memorizing, (2) testing, (3) calculating and practicing problems,
(4) increasing knowledge, (5) applying, (6) understanding, and (7) seeing problems in a new way [14].
Among these, the conception of “testing” is closely related to the widely mentioned traditional Chinese
examination culture in Taiwan [14].

Furthermore, previous researchers have suggested that students’” conceptions of learning follow
a hierarchical order [21]. For example, Tsai divided the above-mentioned seven categories of
conceptions into two groups: lower-level and higher-level conceptions [14]. The lower-level conceptions,
which include “memorizing”, “testing” and “calculating and practicing”, represent a passive and
fragmented view of learning which regards learning as a process of copying and reproducing
information which needs to be learned [13,22]. The high-level conceptions of learning include
increasing knowledge, applying, understanding and seeing problems in a new way. This is similar to a
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constructive view of learning, and it emphasizes understanding and meaning-making by connecting
new information to prior knowledge and students” application of knowledge [23].

More recently, researchers have argued for the domain-specific attribute of conceptions of
learning [10,14]. In the field of mathematics education, a few studies have tried to investigate students
conceptions of learning mathematics specifically [10,20]. Their findings suggest the existence of
similarities between students’ conceptions of learning mathematics and students’ conceptions of
learning in general or in science-related subjects, such as the emphasis on understanding and the
acquirement of knowledge. However, differences were also identified in these studies. One major
difference is the emphasis of the acquirement of a mathematical way of thinking and understanding of

7

mathematics, which may be unique to the subject of mathematics.

2.2. Students” Approaches to (Mathematics) Learning

Students” approaches to learning refer to the ways in which students go about their learning or
processing of their academic tasks [9]. Over the past decades, previous researchers have generally
found that students tend to approach their learning in two ways: a deep approach and surface
approach [24]. The surface approach to learning is based on students” external interest or extrinsic
motivation to conduct rote learning, such as focusing on the concrete and literal aspects of the task’s
components rather than on their meaning [24,25]. In contrast, the deep approach is based on students’
inner-interest or intrinsic motivation, with an intention to seek to maximize their understanding of the
underlying meaning of the learning material [22]. Students who utilize the deep approach will also
intend to seek to integrate components of the task and with other tasks as well [25].

Researchers also argued that approaches to learning are “not immune to the learning context” [26].
Indeed, differences between students” learning approaches in different contexts have been identified in
previous studies [27]. In addition, previous researchers have pointed out that the essence of surface
and deep approaches to learning varies across different disciplines [28]. For example, Chiou et al.
described that surface approaches to learning mathematics may refer to the processes of repeatedly
calculating or following a certain problem-solving procedure, while surface approaches to learning
biology may refer to the processes of matching the name of a specific species with its features [10].

2.3. Relationship between Students” Conception of and Approaches to (Mathematics) Learning

During the past years, researchers have investigated the relationship between students’ conceptions
of and approaches to learning in various subject domains, such as science [22,29] and computer
technology [30], and in various educational contexts, such as in Portugal [26] and Taiwan [29].
The trend of the findings in previous studies is that students with lower-level conceptions of learning
are more likely to use surface approaches to learning, while students possessing higher-level conceptions
of learning tend to adopt deep approaches to learning. For example, Chiou et. al. found students’
higher-level learning conceptions such as “seeing problems in a new way” are more likely to positively
correlate with their deep approaches to learning physics, whereas their lower-level conceptions of
learning such as “testing” are more likely to correlate with their surface approaches and negatively
predict students’ deep approaches [22].

However, several inconsistent findings were also identified in previous studies. For example,
Liet. al. found that the component of students’ lower-level conceptions of learning, “learning chemistry
by memorizing”, could positively predict a deep motive in learning, while the component of higher-level
conceptions of learning, “learning chemistry by transforming”, was positively correlated to surface
motives in learning chemistry [28]. Researchers argued that this kind of inconsistency may be caused by
the differences in contexts and subject areas [29]. In other words, since students perform differently in
different learning domains and educational contexts [24], the relationship between students’ conceptions
of learning and approaches to learning may be also different in different subject domains.

However, to date, there have been hardly any empirical studies which have focused on students’
conceptions of and approaches to learning mathematics and their relationships in Mainland China,
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in which the educational environment is now gradually changing to be more constructivist-oriented [4].
To fill this research gap, this study was undertaken to investigate the following questions:

(1) the characteristics of junior secondary school students’ conceptions of and approaches to
mathematics learning in Mainland China;

(2) the relationship between Chinese junior secondary school students’ conceptions of mathematics
learning and their approaches to learning mathematics.

3. Method

3.1. Participants

Taking into account factors such as school academic background, school location (rural and urban),
class size and mathematics teachers’ teaching experience, 1590 Grade 7 and Grade 8 (at the age of 13 or
14) students at the junior secondary school level in Mainland China were chosen for the present study.
The students were from 45 classrooms and 18 coeducational schools instead of single-sex schools
in 7 provinces located in various parts of Mainland China, namely Sichuan, Chongqing, Shan’xi,
Guangdong, Hunan, Tianjin, and Liaoning, which represent a wide range of economic and educational
development levels. Table 1 provides detailed background information about the participants of
the study.

Table 1. Background characteristics of the participants.

Subgroup Frequency (N)  Percentage (%)

Gender

Boys 770 49.4

Girls 789 50.6
Grade

7 700 44.0

8 890 56.0

School location
Urban 870 54.7
Rural 720 45.3

Note: 31 students did not indicate their gender in the survey.

3.2. Instruments

To investigate junior secondary school students’ conceptions of and approaches to learning
mathematics, two questionnaires were employed in this study. A five-point Likert-type response scale
(5 = strongly agree to 1 = strongly disagree) was used in the questionnaires. A brief description of the
two questionnaires is seen below.

The conceptions of learning mathematics questionnaire (COLM): This questionnaire was modified
from Lee et al.’s [16] questionnaire, which was originally designed in Taiwan to assess students’
conceptions of learning science. This questionnaire has been widely adapted and validated in various
school subjects and schooling levels, including mathematics [31]. The original questionnaire contains

v 7ai v

seven scales, namely “memorizing”, “testing”, “calculating and practicing”, “increasing knowledge”,
“applying”, “understanding”, and “seeing problems in a new way”. The first three scales are regarded
as lower-level conceptions, while the latter four scales are considered to be higher-level of conceptions
of learning [16].

Based on the Chinese version of the questionnaire, items in the first six scales were modified
according to the mathematics education tradition in Mainland China. In addition, since training
students to think mathematically and developing students” mathematics thinking is a main goal for
the mathematics curriculum, the last dimension, “seeing problems in a new way”, was modified as

“seeing things mathematically and mathematical thinking”. Items such as “learning mathematics
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means finding a better way to explain things and phenomena mathematically” were modified from the
original items. New items such as “learning mathematics means developing mathematical thinking
which can be used to help me view the world mathematically” were added to meet the aims of
this dimension.

To enhance the suitability of the modified COLM for Mainland China, a university mathematics
education researcher and two highly-experienced junior school mathematics teachers were invited
to examine the content of all the items. Relevant modifications were further made according to their
comments. Each scale included four to seven items in the final version of the questionnaire, and the
final COLM contains 42 items in total. Table 2 provides a detailed description of what each scale
measures and an example item.

Table 2. Description and sample item for each scale in the modified conceptions of learning mathematics
(COLM) questionnaire.

Scale Description Example Item
Learning mathematics is characterized as . ) .
. - L Learning mathematics means memorizing
Memorizing memorization of definitions, concepts, formulas, - .
definitions, formulas, and rules in the textbook.
and rules.
Testin The aim of learning mathematics is to pass The major purpose of learning mathematics is to get
& examinations or achieve high scores in tests. more familiar with test materials.
Calculating and Learning mathematics is viewed as a series of The way to learn mathematics well is to constantly
practicing calculating and practicing mathematics exercises. practice calculations and solve problems.
Increasing Learning mathematics is perceived as the acquisition =~ Learning mathematics means acquiring knowledge
knowledge and accumulation of mathematics knowledge. that I did not know before.
Applvin, Learning mathematics is useful for the application of =~ The purpose of learning mathematics is to learn how
pplyIng the mathematics knowledge learned. to apply methods I know to unknown situations.
. Learning mathematics is conceptualized as achieving Learning mathematics means understanding the
Understanding . . .
a true understanding of relevant knowledge. connections between mathematical concepts.
Learning mathematics is viewed as a process to
Mathematical develop mathematical thinking so as to obtainnew  Learning mathematics means finding a better way to
thinking ways of thinking and interpret things in real explain things and phenomena mathematically.

life mathematically.

Students’” approaches to learning mathematics questionnaire (ALM): The ALM was modified
from the questionnaire designed by [16], which was modified from the revised learning process
questionnaire (R-LPQ-2F) by Kember et al. [24]. The R-LPQ-2F consists of two factors, deep approaches
and surface approaches, and each factor includes two sub-scales, namely motive and strategy. Thus,
the modified ALM in the study also consists of four scales. The modified ALM was reviewed by the
mathematics education researcher and two mathematics teachers to confirm its content validity. A brief
description of each of the four scales (6-9 items for each scale and 29 items in total), each with a sample
item, is presented below:

(1) Deep motive: learning mathematics is fostered by students’ inner interests and intrinsic motivation.
Example item: I work hard at studying mathematics because I find it is very interesting;

(2) Deep strategy: mathematics is learned with the use of more meaningful strategies. Example item:
I try my best to understand the meaning of the content I read in the textbook;

(3) Surface motive: mathematics learning is driven by extrinsic motivation. Example item: I want to
do well in mathematics so that I can please my parents;

(4) Surface strategy: mathematics is learned by using rote-like strategies. Example item: I find that
the best way to pass mathematics examinations is to try to remember the answers or procedures
to likely questions.

3.3. Data Analysis

Firstly, exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) were performed
to examine the construct validity of the two modified questionnaires. The item mean score of each
scale with the standard deviation of each scale were then computed to obtain a sample description
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of students’ conceptions of and approaches to mathematics learning. Pearson correlation analysis
was conducted to examine the interrelationships between students’ conceptions of and approaches to
mathematics learning. Finally, a stepwise regression model was built with the use of all the factors of
COLM as predictors, and each factor of ALM was viewed as an outcome variable.

4. Findings
4.1. Validation of the Modified COLM and ALM Questionnaires

Exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) were performed to
examine the factor structure and the reliability of the factors in these two modified questionnaires.
The participants (n = 1590) were randomly split into two subsets for the EFA (n = 762) and the CFA
(n = 828), respectively.

For COLM, principal components factor analysis (with varimax rotation) was utilized to confirm
the structure, and six factors (rather than seven factors) were identified. The original scales of
“understanding” and “seeing things mathematically and mathematical thinking” came together to
form one scale, labeled as “understanding and mathematical thinking”. As a result of the analyses,
25 items from the modified COLM were retained. The result of the final factor analysis is presented in
Table 3, which shows that the factor loading of each item is greater than 0.4 for the relevant factor and
less than 0.4 for all other factors. These factors accounted for 56.71% of the variance.

Table 3. Factor loadings, Cronbach o values, factor means and standard deviations for COLM.

Factor Loading
Item No. Calculating and Understanding and
Memorizing Testing . Knowledge Applying Mathematical
Practicing s
Thinking

1 0.736

2 0.673

3 0.670

4 0.656

5 0.600

6 0.771

7 0.678

8 0.657

9 0.630

10 0.465

11 0.767

12 0.650

13 0.623

14 0.694

15 0.603

16 0.584

17 0.774

18 0.520

19 0.740
20 0.723
21 0.690
22 0.676
23 0.662
24 0.608
25 0.585

o 0.78 0.74 0.65 0.64 0.50 0.83

Item Mean + SD  2.86 + 0.86 2.81 +0.89 3.60 +0.86 3.47 £ 0.85 3.56 + 0.87 3.61+0.74

The remaining 25 items were further validated by confirmatory factor analysis (CFA). No items
were deleted during the CFA, the results of which indicated a good fit with GFI, IFI, TLI, and CF], all of
which were above 0.90 (GFI = 0.935, IFI = 0.918, TLI = 0.902, CFI = 0.918), and the RMSEA was below
0.05 (RMSEA = 0.048). The alpha coefficient for each of the six identified factors was around 0.50-0.83,
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and the overall alpha coefficient was 0.86, suggesting a sound reliability of the modified COLM in
Mainland China.

For students” conceptions of learning mathematics, as shown in Table 3, relatively speaking,
students attained high mean scores for “increasing knowledge”, “applying”, and “understanding
and mathematical thinking”. Their average scores for “memorizing” and “testing” were lower in
comparison to those of the other factors. However, the mean score for “calculating and practicing”,
an originally lower-level conception of learning, is the highest among the six factors. These results seem
to suggest that current Chinese junior secondary school students tend to hold higher-level conceptions
of learning mathematics, but with a strong conception of “calculating and practicing”.

Similarly, exploratory factor analysis was also used to validate the factors of ALM. Table 4 shows
the final results. As shown in Table 4, all the four original factors were identified, and for each factor,
the factor loadings of all the retained items were greater than 0.4. In total, 17 items were retained and
these factors explained 54.58% of the variance. The remaining 17 items were further validated by CFA.
No items were deleted during the CFA, the results of which indicated a good fit with GFI, IFI, TLI, and
CFI, all of which were above 0.90 (GFI = 0.947, IFI = 0.925, TLI = 0.901, CFI = 0.925), and the RMSEA
was below 0.06 (RMSEA = 0.057). The alpha coefficient for each factor ranged from 0.67 to 0.81, and
the overall alpha coefficient was 0.80, indicating satisfactory internal consistency.

Table 4. Factor loadings, Cronbach « values, factor means and standard deviations for the students’
approaches to learning mathematics (ALM) questionnaire.

Item Factor Loading
No. Surface Motive Surface Strategy Deep Motive Deep Strategy
1 0.809
2 0.768
3 0.669
4 0.736
5 0.674
6 0.652
7 0.643
8 0.519
9 0.795
10 0.765
11 0.756
12 0.750
13 0.513
14 0.502
15 0.705
16 0.659
17 0.646
o 0.68 0.68 0.81 0.67
Item Mean + SD 3.54+ 091 2.96 + 0.82 3.34+0.84 3.57 +0.81

For students” approaches to learning mathematics, as shown in Table 4, students attained high
mean scores for “deep strategy” and “surface motive”. Their mean scores for “surface strategy” were
lower than those of the other three factors for ALM. Such results suggest that junior secondary school
students in Mainland China tend to hold relatively deep approaches to learning mathematics but with
mixed motives for learning mathematics.

4.2. Correlation Analysis

To explore the relationship between students” COLM and their ALM, a Pearson correlation analysis
based on their responses to COLM and ALM was performed. Table 5 summarizes the results. As can
be seen in Table 5, statistically significant positive correlations were identified between two factors
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of lower-level conceptions, “memorizing” and “testing”, and the two factors of surface approaches:
surface motive and surface strategy. However, rather weak or even negative correlations were identified
between the two factors “memorizing” and “testing” and the two factors of deep approaches. The third
factor of lower-level conceptions, “calculating and practicing”, was found to be significantly and
positively correlated with the factors in surface approaches and deep approaches.

Table 5. Correlations between the scales of COLM and ALM (n = 1590).

Scale Surface Motive  Surface Strategy Deep Motive Deep Strategy
Memorizing 0.29 *** 0.49 *** 0.14 *** 0.05*
Testing 0.26 *** 0.53 *** —0.10 *** —0.08 **
Calculating and practicing 0.31 *** 0.23 *** 0.26 *** 0.27 ***
Increasing knowledge 0.29 *** 0.13 *** 0.39 *** 0.34 ***
Applying 0.28 *** 0.11 *** 0.36 *** 0.37 ***
Understanding and 0.36 +*+* 0.09 *+* 0.56 +*+* 0,53+

mathematical thinking

Note: *p < 0.05, * p < 0.01, ** p < 0.001.

Moreover, significantly positive correlations were identified between the three factors
of higher-level conceptions of learning mathematics, “increasing knowledge”, “applying”,
and “understanding and mathematical thinking”, and both the surface approaches and deep approaches.
However, as shown in Table 5, the correlation between the higher-level conceptions and deep approaches
is stronger than the correlation between the higher-level conceptions and surface approaches.

4.3. The Stepwise Regression

A series of stepwise regression analyses were conducted in the study, which used students’
conceptions of learning mathematics to predict their approaches to learning mathematics. Table 6
summarizes the regression analysis results. As shown in Table 6, for students’ surface approaches
to learning mathematics, “testing” could significantly and positively predict “surface motive” and
“surface strategy”. “Calculating and practicing” made significant predictions for “surface motive”,
and “memorizing” made positive predictions for “surface strategy”. Interestingly, “understanding
and mathematical thinking” made quite strong and positive predictions for “surface motive”.

Regarding students’” deep approaches to learning mathematics, “understanding and mathematical
thinking” could positively predict both “deep motive” and “deep strategy”, and “applying” could
also make positive predictions for “deep motive” and “deep strategy”. In the meantime, “calculating
and practicing” could positively and significantly predict both “deep motive” and “deep strategy”.
“Memorizing” also made positive predictions for “deep motive”. Lastly, “testing” was the only factor
found to make negative predictions for “deep motive”.

In summary, these findings indicate that students” lower-level conceptions of learning mathematics,
such as “testing” and “memorizing”, were more likely to make a positive prediction for students’
surface approaches to learning. Relatively speaking, students’ higher-level conceptions of learning
mathematics made strong predictions for students” deep approaches to learning mathematics. However,
surprisingly, several factors of students’ lower-level conceptions of learning mathematics, such as
“calculating and practicing” and “memorizing”, could also positively predict students’ deep approaches
to learning mathematics.
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Table 6. Stepwise regression model of predicting students” approaches to learning mathematics.

Approaches to Learning

i 2
Mathematics Predictors B S.E. B T R

Surface motive
Understanding and mathematical thinking 0.41 0.03 0.33 13.80 ***  0.23

Testing 0.27 0.02 026  11.26**
Practicing and exercise 0.16 0.03 0.14 5.72 %
Constant 0.69 0.13 5.28 **
Surface strategy 0.34
Testing 0.33 0.02 036  14.77**
Memorizing 0.27 0.02 0.29 11.80 ***
Constant 1.24 0.06 19.59 ***

Deep motive
Understanding and mathematical thinking 0.53 0.03 0.47 19.04 ***  0.34

Applying 0.10 0.02 0.10 3.99 **
Testing -0.13 0.02 —-0.14 545
Memorizing 0.10 0.03 0.10 3.76 **
Calculating and practicing 0.07 0.03 0.06 2.61**
Constant 0.96 0.11 8.50 ***
Deep strategy
Understanding and mathematical thinking 0.51 0.03 0.45 18.27 *** 0.30
Applying 013 002 013  5.11*
Calculating and practicing 0.10 0.02 0.09 3.81**
Constant 1.14 0.11 10.47 ***

Note: * p < 0.05, ** p < 0.01, *** p < 0.001.

5. Discussion

The main goal of the study is to investigate the characteristics of Chinese students’ conceptions of
and approaches to learning mathematics. Firstly, two widely-used questionnaires (COLM and ALM)
were modified in the field of mathematics education and the validity and reliability (e.g., factor loading
and Cronbach’s alpha values) of the two questionnaires were examined by EFA and CFA. Both the
EFA and CFA results as reported above displayed a similar factor structure, as identified in previous
studies [10,16], with satisfactory reliability. In particular, with respect to COLM, the six extracted
factors in the study imply a similar factor structure of students’ conceptions of learning mathematics,
as revealed in previous studies in science-related subjects [16,22]. As shown in Table 3, while the
students’ scored higher on the three factors of higher-level conceptions, they scored lower on the
first two factors of lower-level conceptions, “memorizing” and “testing”. These results reveal that
the surveyed Chinese junior secondary school students tend to view learning mathematics from a
constructivist and higher-level perspective [14,16].

However, unlike results found in previous studies [22], the mean score of the other factor of
lower-level conceptions, “calculating and practicing”, is the highest among all the six factors of COLM.
This difference may be due to the different learning domains. Findings in previous studies [10] are
from science-related subjects, such as biology or physics. The domain-specific attribute of mathematics
may encourage students to conceptualize “calculating and practicing” more [29]. Indeed, calculating
and practicing exercises are a basic and important part of learning mathematics well. In addition,
due to the pressure of examinations in China, students are often engaged in huge amounts of practice
of different skills in solving different types of problems so that they will be able to solve problems
quickly [32].

With respect to ALM, as shown at the bottom of Table 4, while the students in the study
scored higher for “deep strategy” than “surface strategy”, they scored lower for “deep motive” than
“surface motive”. Such findings illustrate that even though the students tend to use more meaningful
strategies to learn mathematics, they still hold quite strong surface motives to learn mathematics.
This result is similar to findings identified in previous studies [22].
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The second main purpose of the study is to investigate the relationships between students’
conceptions of learning mathematics and their approaches to learning mathematics. In general,
the results of the study show that two factors of students’ lower-level conceptions, “memorizing”
and “testing”, are positively correlated with and more powerful in predicting students’ surface
approaches to learning mathematics and are weakly or negatively correlated with and less powerful
in predicting students’ deep approaches to learning mathematics. This finding is not consistent with
findings identified in previous studies. Previous studies in science-related subjects such as biology
and physics found that “testing” only predicted “surface strategy” [16,22]. The finding in the present
study suggests that strong conceptions of “memorizing” and “testing” tend to cause students to
employ more rote-learning approaches in learning mathematics, which are considered to be important
for examination.

In addition, the Person correlation analysis and stepwise regression analysis results show that
students who hold stronger higher-level conceptions of learning mathematics tend to have a deep
motive and to use deep strategies in learning mathematics. This finding is consistent with the
associations between students’ conceptions of and approaches to learning identified in other school
subjects (such as in physics; e.g., Chiou et al. [22]). This finding also supports the argument made
by previous researchers that a constructive conception of learning will foster deep approaches to
learning [5,16].

However, there are several relationships which contradict the “lower-level versus surface approach”
and “higher-level versus deep approach” relationships as theoretically argued by previous researchers.
First, “calculating and practicing” has quite a strong predictive power for both surface and deep
approaches to learning, which is quite different from findings identified in previous studies [10,22].
For example, Chiou et al. found that “calculating and practicing” in Taiwanese students’ conception
of learning physics only positively predicted students” surface motive [22]. This inconsistency may
be explained by the differences in the two school subjects. Although learning physics also involves
quite a large number of exercises, it involves quite a large number of experiments as well. However,
for the learning of mathematics at the secondary school level, calculating and practicing is the most
predominant method to improve their understanding and enhance their problem-solving skills and
speed [32].

Secondly, students’ higher-level conception, “understanding and mathematical thinking”,
has quite a strong predictive power for students’ “surface motive” in addition to “deep motive’
and “deep strategy”, which is similar to findings in previous studies [30]. Findings like this illustrate
that although the conception of “understanding and mathematical thinking” tends to make students
use more constructive-oriented learning strategies, the motivation beneath this strategy may not
be persistent. Again, this may be due to the influence of examination pressure in Mainland China.
In Mainland China, students need to take examinations frequently even at the junior secondary school
level. This suggests that even though students sometimes hold higher-level conception of learning
mathematics, they may not have deep motive in learning mathematics due to the influences or pressure
that come with the context in which the mathematics learning takes place.

a7 7

6. Conclusions and Implication

Mathematics plays an important role in students’ long-term development [11]. Therefore, a clear
understanding of students’ conceptions of and approaches to learning mathematics will contribute to
the interpretation of students” outcomes in mathematics. The present study is one of the few studies
in mathematics education that investigates junior school students’ conceptions of and approaches to
learning mathematics and their relationship in Mainland China. Therefore, findings of the study not
only contribute to the understanding of the Chinese Learner Paradox, but also the understanding of
the relationship between students’ conception of and approaches to learning mathematics in the field
of mathematics education and in the social and cultural context in China.
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Using a quantitative method, the findings as reported above suggest that Chinese junior school
students tend to hold higher-level conceptions of learning mathematics rather than lower-level
conceptions such as memorizing and testing. The students tend to hold a rather mixed surface
and deep motive in learning mathematics, but they are more likely to employ deep approaches to
learning mathematics. The findings of the present study also confirm the structural relationship
between students” conceptions of and approaches to learning in the subject of mathematics and
in Mainland China. Two factors of students’ lower-level conceptions of learning mathematics,
“memorizing” and “testing”, were the strongest predictor for the surface approaches to learning
mathematics, while students” higher-level conceptions of learning mathematics, such as “applying”
and “understanding and mathematical thinking”, had a noticeable effect on their deep approaches to
learning mathematics. In the meantime, the influence of the social and cultural context is also found to
be a critical factor which affects the relationship between students’ conceptions of and approaches to
learning mathematics. Thus, the findings of this study support the assertion that students’ conceptions
of and approaches to learning are socially and culturally dependent [9,10].

In terms of practical implications, firstly, the findings of the study suggest that, in practice,
mathematics educators could make attempts to foster students” higher-level conceptions of learning
mathematics, such as “applying” and “understanding and mathematical thinking”, with the aim
of facilitating students’ deep mathematical learning approaches. Secondly, the two questionnaires
developed in this study have high reliability and validity. Mathematics education researchers, especially
mathematics education researchers in Mainland China, could therefore consider using these two
questionnaires to explore students’ conceptions of and approaches to learning mathematics at other
grade levels.

The study also has several limitations. Firstly, the study only used questionnaire surveys to
investigate students’ conceptions of and approaches to learning mathematics. Future studies in this
area could use other research methods such as interviews to reach a deeper and fuller understanding
of Chinese students’ conceptions of and approaches to leaning mathematics. Secondly, the study only
investigated students at the junior secondary school level in Mainland China. To achieve a fuller
understanding of this relationship in mathematics education, more studies conducted with students at
other schooling stages and in other cultural and social contexts are needed. Thirdly, the study did not
explore the development or change process of students” conceptions of and approaches to learning
mathematics. Future studies could consider employing a longitudinal study design to investigate the
development process of students’ conceptions of and approaches to learning mathematics and the
relationships between these two constructs.
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