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Abstract: In China, the five most well-known normal universities have set a special curriculum for a
long time, which combines general education and teaching training for education students. In this
study, we used the Colorado Learning Attitude about Science Survey (CLASS) to study the learning
attitudes on science changes of the education students in the curriculum structure from 8 CLASS
dimensions. The results show that: (a) the learning attitudes on science of education students increase
with their seniority; (b) in the curriculum structure, the general education has a little effect on
improving the learning attitudes on science of the education students, and they gain a lot after teaching
training; (c) compared to masters of education, the undergraduates education needs to strengthen in
some aspects.
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1. Introduction

In the era of information and technology explosion, STEM (Science, Technology, Engineering and
Mathematics) education is needed more than ever, due to the importance in fostering innovation among
the youth (OECD, 2017) (Graham, Frederick, Byarswinston, Hunter, & Handelsman, 2013). In particular,
science education has particular significance in promoting scientific and technological innovation, talent
development and social progress. (Tytler, 2007)

Numerous studies have shown that teachers are one of the main contributors in students’ development
(Hattie, 2009) (Felder, 1993) (Nay, 2006). It is especially important to training physics teachers, as they play
a key role in science education not only because of the fundamental role of physics in science education,
but also because of the significant position of physics teachers in students’ progress (Rivkin & Huanushek,
2005). On the one hand, training physics teachers improves their teaching ability; on the other hand, it will
develop students’ science literacy and foster future innovative talents (Mulhall, 2015).

Nowadays, the five most well-known Chinese normal universities combine general education with
teachers’ training as the curriculum structure of physics teaching students. In the first two years, these
students mostly complete general education courses as the foundation to the degree program, and
preparation for a literate life in a modern, global society (Stevenson, Hicks, & Hubbard, 2016). Physics
teacher training courses based on general education began to be more involved in the structure for the last
two years, and a number of studies have shown that a single course on physics teaching can create large
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conceptual learning gains, but little work has been done on the whole curriculum structure (Hrepic, et al.,
2006) (McDermott, 1991) (Jeness & Miller, 2005). The curriculum structure focuses on cross-disciplinary
integration, the subject of professional education and teacher education, general education and professional
education, science education and humanities education integration. The current evaluation system only
includes the physics knowledge scores, and ignores the attitude and belief. It is widely acknowledged that
physics teachers’ learning attitudes and beliefs are as important as their knowledge base, and the attitudes
and beliefs are better predictors of science performance (House, College grade outcomes and attrition: an
exploratory study of noncognitive variables and academic background as predictors, 1994) (House, Student
Motivation, Previous Instructional Experience, and Prior Achievement as Predictors of Performance in
College Mathematics, 1995) (Tai, Sadler, & Mintzes, 2006).

In this paper, we use the Colorado Learning Attitude about Science Survey (CLASS), a survey
developed and validated a long time ago and builds on existing surveys, including: the Epistemological
Beliefs Assessment for Physical Science(EBAPS) (Elby, Frederiksen, Schwarz, & White, 1997),the Maryland
Physics Expectation Survey(MPEX) (Redish, Sual, & Steinberg, 1998), and the View about Science
Survey(VASS) (Halloun, 1997), to probe the learning attitudes on science of physics teaching students
(Adams, et al., 2006; Adams & Wieman, Development and Validation of Instrument to Measure Learning
of Expert-like Thinking, 2011). CLASS, which is suitable for participants at all levels and not tie to specific
course, was also designed to distinguishes the beliefs of experts from novices (Adames, et al., 2006) (Semsar,
Knight, Birol, & Smith, 2011) (Allen, Guzman-Alvarez, Uvarov, & Molinaro, 2016). The statements of
CLASS were written as clear and concise as possible (Adams, et al., 2006). Participants need to respond on
a Likert scale to 42 statements in 8 dimensions: (1) real world connection, (2) personal interest, (3) sense
making/effort, (4) conceptual connections, (5)applied conceptual understanding, (6) problem solving
general, (7) problem solving confidence, and (8) problem-solving sophistication (Adams, et al., 2006).

This paper focuses on S normal university as a study example to probe the physics teaching students’
learning attitude in different stages on science and analyzed the above-mentioned 8 dimensions. Master of
education students have finished the curriculums, and obtain their degrees after two years teaching
practicum while working on teaching education in summers. The masters of education students are set as
a comparison with the undergraduate students who are enrolling the curriculum structure. This study aims
to explore the connection between the curriculum structure and the education students’ attitudes and belief
(ABs) on science in different dimensions to promote the ABs and improve their teaching abilities.

2. Methodology
2.1. CLASS

The instrument used in this study is Colorado Learning Attitude about Science Survey (CLASS),
because it is suitable for all-leveled students. We used the Mandarin version of CLASS, which was
translated by Zhang and Ding for Chinese students. The consistency coefficient a = 0.736 confirm its
reliability (Zhang & Ding, 2013). The results of the survey were compared with the answers given by the
physicists to the scale, and the students' scientific attitudes were evaluated in accordance with the degree
(in percentile) (Adams, et al., 2006).

2.2. Participants and background

We chose the education students from the College of Physics and Information Technology in S Normal
University as participants, and focused on the current situation of their learning attitude on science and
fostering issues. In China, students who are attending the same college are usually admitted assuming they
have the same level in learning. In order to reduce possible confounding variations, we perform the study
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in the same college. And the masters of education students we chose accepted the same curriculum
structure in the same college. They graduated and work for one or two years.

Also, different order and textbooks of the curriculum structure can be the other variations in the study.
Since 2006, the S normal university implement the special talent foster program, which combines general
education and teaching training for education students. They learn the basic general knowledge and
subjects in the first two years. In the other two years, they study the professional course, teaching and
practice module. Although there is a little adjustment done on the structure, the main body of the
curriculum has changed very little. Figure 1 shows the structure of various courses and the proportion of
credits the education students have.

curriculum Semester | credit
required course 1-4
General Module i 2.6 47 29%
optional course
General Education related discipline basic course —
Discipline Base
1 20 12%
Module discipline basic course
) . 1-6
professional required course
Professional
5-8 66 40%
Course Module professional limited elective
course
psychology. pedagogy.
educational psychaology .
modern educational technology . 3-6
curriculum reform of elementary
education
Public
Compulsory
professional ethics of teachers.
education policies and 1
Teacher Education . 17 10%
regulations
teaching and learning theory of
physics S
Discipline middle school teaching material a
, nalysis and teaching design
Required
multimedia aided teaching 5
Eracies educational practice 7
15 9%
Skill

else

Figurel Structure of various courses and the proportion of credits
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The survey time of freshman and sophomore students is March 2016, and the junior, senior years is
December 2015. The survey of master students is in August 2015, and the data of participants is distributed
in Table 1.

Tablel Basic information on the study participants

Gender Effective questionnaire
Total
Male Female (percentage)
Freshman 119 42 77 119 (95.96%)
Sophomore 121 42 79 121 (96.80%)
Junior 143 45 98 143 (96.62%)
Senior 95 38 57 95 (97.93%)
master of education 158 76 82 158 (96.34)

3. Data analysis and results

3.1. The aggregate results and the development of the learning attitudes on science of the education
students

The scores of education students' learning attitudes are generally on rise. In the first two years, the
difference is not significant (t=1.22, p<0.05), (t=3.31, p<0.05). The growth rate is higher than the senior
(t=6.41, p<0.01), a most obvious increase. The full data are shown in Table 2, and we can clearly see each
dimension change in different period.
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Table 2 Different stages of free normal school students scientific attitude test results

Master of

Freshman Sophomore Junior Senior as er.o

Education

M=SD

Overall 523+1.42  53.1+1.44  548+147  61.9+1.52 73.1+1.01

Personal 452141.89 46784217  5480+2.10 59.98+:243  69.43+1.70
Interest
Real Worl

calWorld 0 o910 51 70116277 76408244 80474254  88.08+1.57
Connection
Problem

_ 54984187 57.94+1.91 56.70+1.90 67.6742.04  75.66+1.39
Solving General
Problem

Solving 47904243  51.65:243 49404222 63424256  71.36£1.67
Confidence
Problem

Solving 3936+2.37  3893+2.09  41.00+2.03 48.96+229  65.45+1.81
Sophistication

Sens‘;?foil:mg/ 57824199 56794218  60.40+2.01 72.88+2.17  83.07+1.42

Conceptual (170,196 50834192 59108224 59.62¢228  75.17+1.50
Understanding
Applied

Conceptual ~ 42.7242.06  41.42+1.88  41.90+2.00 41.99+2.10  60.71+1.68
Understanding
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Figure 2 CLASS scores of each dimension comparison

In Figure 2, there is a big difference in the growth speed of state-financed education science students'
attitudes in different dimensions. Personal Interest and Real World Connection shows a steady increasing
trend. Problem Solving General, Problem Solving Confidence, and Sense Making / Effort increase rapidly
from junior year. Problem Solving Sophistication, Conceptual Understanding, and Applied Conceptual
Understanding increase rapidly after graduation. The education students CLASS test results of the changes
are shown in Figure 2 from freshman to master of education.

3.2. Personal Interest and Real World Connection increase steadily year by year based on the course of the
university

With the growth of seniority, the dimensions of Personal Interest and Real World Connection show a
stable increasing trend, as shown in Figure 3. The score of Personal Interest is 45.21+1.89 in freshman year,
and 69.43+1.70 in master of education, and the overall performance increases significantly (t=9.62, p<0.01).
Real World Connection of the test is 70.59+2.51 in the freshman year, and the test scores of the master of
education is 70.59+2.51, (T=5.90, p<0.01), which increased by -0.67%, 8.97%, 5.32% and 9.46%, respectively.
The results show that the total score is 88.08+1.57. In the CLASS test, Personal Interest and Real World
Connection are the two main dimensions that indicate students’ level of interest in physics. The close
relation among the data above can be seen through the four years of general education in the normal
university, the interest of the education students in physics has been improved. Gradually, the relation
between physics and real life has been gradually recognized. The test results show a significant change of
education students’ learning attitudes on science.
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Figure 3 Changes in Personal Interest and Real World Connection

3.3. "Problem Solving General", "Problem Solving Confidence", and "Sense Making/Effort" grow slowly in
the first two years of college, and dramatically increase after two years

Figure 4 shows the changes in the performance of education students in the three specific dimensions:
Problem Solving General, Problem Solving Confidence and Sense Making/Effort. These three dimensions
test scores have not changed much from freshman to junior, which are 2.96, 3.75, and 3.61. Problem Solving
General increased by 33.4%, with a significant difference (t=8.13, p<0.01), and Problem Solving Confidence
increased 44.5% from the third year to the master of education (t=7.94, p<0.01); Sense Making/Effort
increased by 37.53%, and the difference is extremely significant (t=9.23, p<0.01). The increase in two
dimensions Problem Solving General, Problem Solving Confidence mainly focus on students solving
physics exercises smoothly and flexibly on textbooks. The dimension of Sense Making/Effort indicates
students agree with the laws of physics and the efforts experienced by physicists behind the formula, and
are willing to invest time and energy in the process of solving physics problems.
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Figure 4 Changes in Problem Solving General, Problem Solving Confidence and
Sense Making/Effort

3.4. Problem Solving Sophistication, Conceptual Understanding and Applied Conceptual Understanding
change slowly in the four years at university, and grow rapidly after graduation

In the three dimensions of Problem Solving Sophistication, Conceptual Understanding, and Applied
Conceptual Understanding, the change in test scores of the four years is small, with Problem Solving
Sophistication increasing by 9.6, and Conceptual Understanding decreasing 0.58, the Applied Conceptual
Understanding reduced by 0.73. However, one year after graduation, state-financed education students’
test scores have significant changes in the three dimensions of the CLASS. The dimension of Problem
Solving Sophistication in master of education (from 48.96+2.29 in the senior year) to 65.45+1.81 (t=7.00,
p<0.01), and the difference is extremely significant (t=5.75, p<0.01). The Conceptual Understanding
increased from 59.62 +2.28 in the senior year to 74.9+1.53, and the difference between them was significant
(t=5.47, p<0.01). The Applied Conceptual Understanding increased from 41.99+2.10 to 60.71+1.68 in senior
year. Problem Solving Sophistication dimension mainly studies whether students in solving physical
problems can use as they learn by analogy. The Conceptual Understanding and Applied Conceptual
Understanding dimensions mainly study whether the students truly understood the origin of the physics
formulas and the laws. The process of solving problems can be related to the relevance of various
knowledge points. The above-mentioned data showed that the education students have become real
secondary school teachers after working for a year. They have improved greatly in solving physics
problems, understanding and applying physics problems, and changed little in the four years in college.
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Figure 5 Changes in dimension of Problem Solving Sophistication and Conceptual Understanding
and Applied Conceptual Understanding

4. Discussion

4.1. The education students in the stage of learning attitudes about science have slow growth in first two
years

In the first and second year, the education students mainly took general courses and disciplines of basic
courses, and less involved in physics teacher education. The recognition of the curriculum structure is
complex. Like the original intention of the curriculum structure setting, the basic knowledge modules of
the first two years laid a solid foundation for the subsequent specialized courses, and the common
curriculum structure is conducive to student management, helping different university and different
professional exchanges. So, there comes a gradually growth. However, the students of the Department of
Science in the first two years are lack of the sense of belonging and professional awareness. In result, it is
difficult to get an ideal positive shift. In other words, it reflects the possible reasons why in the first two
years, the education students’ learning attitude about science is in a slow increase.

4.2. State-financed education students’ scores in the professional education stage Problem Solving General,
Problem Solving Confidence and Sense Making / Effort have significantly improved

Although the first two years of the education students’ learning attitudes on science improved little,
after entering junior year, students begin to change their scientific attitude, especially in the Problem
Solving General, Problem Solving Confidence and Sense Making/ Effort. We randomly interviewed some
junior students who participated in the previous survey. The results showed that the courses were very
helpful to the students, especially the physics teaching theory, the teaching material analysis, the
microteaching and the practical skill training. Firstly, these courses help the students to learn and
understand physical knowledge in a higher perspective. Secondly, the teaching practicum in first semester
of the fourth year plays a significant role in promoting the scientific attitude. Education and teaching
practicum not only students sharpening their skills, but also help them identify their shortcomings and
construct a new understanding of student-teacher occupation.
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4.3. In the stage of master of education, the education students” Problem Solving Sophistication, Conceptual
Understanding and Applied Conceptual Understanding get a significant progress, but little change during
the period of undergraduate

From the school students to secondary school teachers, the role, the point of view, and ideas of thinking
of the education students have changed a lot. These changes are mainly reflected in the Problem Solving
Sophistication and Conceptual Understanding and Applied Conceptual Understanding. In the student
stage, the process of learning physics knowledge is stuck at the level of memorization. However, good
teachers will spend more time to understand the concept of physics knowledge, and will do more study of
the physics problem in order to make students feel more comfortable in dealing with various problems.
When becoming a teacher, they change themselves completely from the recipient of the knowledge to the
knowledge transferor. In order to enable students to understand, teachers need to understand the deeper
aspects of the concept to tap the background knowledge, context and other knowledge and other
connections. Therefore, one or two years after graduation, the education students in problem-solving
sophistication and understanding of the application of the concept have a greater improve than the
university period.

5. Conclusions and recommendations

We used CLASS to assess the education students from the College of Physics and Information
Technology in S Normal University. The possible influencing factors of the current curriculum structure
results were analyzed from eight dimensions.

In the curriculum structure, the aggregate learning attitudes on science of education students are
increasing, especially after teaching training. However, CLASS gains the most in teaching practice and after
work. There are still some problems in the curriculum structure. Firstly, there is a long way between the
theory and practice of general education in China. The practice of general education does not fully embody
the essence of general education concept, and courses can’t meet the needs of students. Secondly, we found
that the curriculum structure of general education is easy to produce lacking of college belonging,
professional consciousness, and CLASS slow promotion. In addition, Problem Solving Sophistication,
Conceptual Understanding and Applied Conceptual Understanding dimensions are suffering through a
lack of attention.

In view of the above problems, the following recommendations are proposed to the curriculum
structure and implementation: (1) Construct the curriculum system of general education scientifically,
strengthen the implementation of curriculum, and enhance the teaching effectiveness. Therefore, it is
necessary to improve the curriculum of general education, and combine it with teaching training,
specifically to create an environment for the effective operation of general education, which requires
teachers, school administration and teaching curriculum resources to work together. (2) In the process of
teaching, we should pay attention to the cultivation of students' problem-solving ability, the application of
the concepts and stimulate interest. While learning, they should be promoted a deep understanding of
knowledge in teaching strategies. The teaching process should strengthen interaction between teachers and
students from the actual needs of students (knowledge base, cognitive basis, etc.), slow down the progress
of teaching, and make the entire teaching philosophy of teaching training throughout the university
curriculum and implementation process. (3) In the general education period, we should help students
understand the college and professional profiles by professional guidance, extracurricular activities, and
research seminars.

The work we have done not only makes sense in the physics education students in S normal university,
but also has reference to the setting of curriculum structure and other majors teaching.
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