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This paper discusses a comparative study on American and Chinese students’ conceptual understanding of
quantum mechanics. We administered the Quantum Mechanics Survey (QMS) to over 400 undergraduate
students from 10 universities in China and the United States. The results showed that students in American
universities performed better than their Chinese peers on the QMS.
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I. INTRODUCTION

Chinese students have demonstrated outstanding
performance on multiple STEM assessments, such as physics
and mathematics [1, 2]. Previous research has revealed that
Chinese students outperformed American students in on FCI
and BEMA [1]. The advantage of Chinese undergraduate
students in introductory-level physics assessments is usually
attributed to their intensive training in high school. However,
whether the Chinese students can keep their advantage in
advanced-level subjects remains an unanswered question.

We conducted a comparative study of Chinese and
American students’ performance on an assessment of
quantum mechanics (QM). Neither the Chinese nor the
American undergraduate students had previously learned the
subject of quantum mechanics. The concepts and principles
in quantum mechanics are non-intuitive and very different
from the students’ previous experiences in high school
physics. Hence, the influence of the rigorous training in the
high school curriculum may be reduced.

In our research, we used the Quantum Mechanics
Survey (QMS) to probe students’ understanding of the
fundamental concepts and principles of quantum mechanics
[3].- The QMS is a 31-item multiple choice test that focuses
on the conceptual framework of QM instead of mathematical
skills. The QMS has been reviewed by multiple professors
teaching undergraduate QM courses in the US. These
professors have confirmed that the concepts involved in the
QMS are wvalid to assess undergraduate students’
understanding of quantum mechanics in one spatial
dimension, regardless of their textbooks, institutions and
instructors.

Il.  SURVEY RESULTS

The QMS was administered to 112 undergraduate
students from 5 universities in the US and 318 undergraduate
students from 5 universities in China. All universities
involved in our survey were large national universities with
Ph.D. programs in physics. Among the 5 universities in the
US, four were public universities and one was private.
According to the 2017 US News ranking, the private
university was ranked in the top 10 national universities in
the US. One of the public universities was ranked in the top

10 public universities in the US, and the other three public
universities were ranked between the top 10 and the top 50
public universities. In the Chinese education system, all of
the national universities were public. According to the 2017
Academic Ranking of World Universities (ARWU)
published by Shanghai Ranking, three of the five Chinese
universities that participated our study were ranked among
the top 10 national universities in China. The other two
universities were ranked between the top 10 and the top 50
national universities in China.

Note that we used the national ranking of the
universities in China and the US instead of the global ranking
of the world universities. This is because the world ranking
included multiple factors, and it may not be fair to directly
compare the global rankings of universities in different
countries. The national ranking was a better reflection of the
universities’ status in their countries. The students involved
in our research were typical physics students studying in
well-known research universities in the US and China. The
percentage of students in different tiers of schools were also
comparable. Specifically, fifty-six percent of the American
students (63 out of 112) who participated the survey were
enrolled in the top 10 national/public universities. Forty-four
percent of the American students (49 out of 112) were from
the top 50 public universities. Fifty-one percent of the
Chinese students (163 out of 318) participated in the survey
were from the top 10 universities in China. Forty-nine
percent of the Chinese students (155 out of 318) were from
the top 50 universities. Therefore, the American and Chinese
students who participated in the quantum mechanics survey
can be treated as matched samples.

The original QMS was written in English, and in order
to reduce the possible influence of language, we translated it
into Mandarin to test the Chinese students. The translated
version was cross-checked by different physics professors
and graduate students to ensure that the meaning of the
questions was not lost in translation. Both the English
version and the Chinese version had been reviewed by the
professors in the five Chinese universities teaching
undergraduate QM. The Chinese professors confirmed that
all contents in the QMS were covered in their QM courses,
and they expected their students to grasp these fundamental
concepts and principles. The tests were administered at the
end of the first-semester undergraduate QM courses in both
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China and the US.

The reliability coefficient « of the QMS was 0.844 for
the 430 students in China and the US, which indicated a good
internal consistency of the survey. The average score for all
430 students was 44%. In contrast to previous comparative
research in the subjects of Mechanics and Electromagnetics,
the American students outperformed the Chinese students in
the Quantum Mechanics Survey. The average score was 47%
for the American students and 42% for the Chinese students.
The 112 students in the American universities performed
better than the 318 students in the Chinese universities (p-
value<0.01). The effect size was d=0.28, which indicated a
medium difference between the two groups [4].

The QMS contained 31 multiple choice questions, and
one point was assigned to each correct answer. The Chinese
and American students’ average scores are shown in Table 1.
One American student obtained a full score (31) on the test.
The lowest score for the American students was 4 (out of 31
points). The standard deviation for the 112 American
students was 7.7 (with the mean score 14.8 out of 31). The
highest and lowest total scores for the Chinese students were
27 and 4 (out of 31), respectively. The standard deviation for
the 318 Chinese students was 5.4 (with the mean score 13.0
out of 31).

TABLE 1. Statistics of the Chinese and American students’
score on the QMS. The column “mean” represents the

students’ average scores and the corresponding standard
deviation.
Sample size mean max min median
UsS 112 14.8+7.7 31 4 12.5
CN 318 13.0£54 27 4 12.5

The data in Table 2 show the differences in the average
score on each question between the Chinese and American
students (US minus China). For example, on Question 26,
the average score for the American students was 43%, and
the average score for the Chinese students was 27%. Hence,
the value of “US minus China (U-C)” was 16% for Question
26. From Table 2, we observe that the American students
outperformed the Chinese students on 80% of the questions
on the QMS (25 questions out of 31).

The QMS scores of both the Chinese and American
students had a wide distribution. Figure 1 and Fig 2
represent the distribution of the QMS scores for the students
in China and the US. The horizontal axis (ranging from 1 to
31) is the QMS score, and the vertical axis is the percentage
of students obtaining a particular score. For example, the
highest bar in Fig 1 represents that about 10% of the
American students obtained 6 points on the QMS. The
highest bar in Fig 2 represents that about 8% of the Chinese
students obtained 12 points on the test.
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TABLE 2. The difference between the American and Chinese
students’ average score on each question. The significant
differences are marked by asterisks.

Item U-C Item U-C Item U-C
Q1* 17% Q12 -2% Q23 5%
Q2* 13% Q13 5% Q24* 15%
Q3 2% Q14 2% Q25* 21%
Q4* 9% Q15% 11% Q26* 16%
Q5 -4% Q16 -3% Q27+ 18%
Q6 -6% Q17 1% Q28* 13%
Q7 2% Q18 7% Q29* 15%
Q8 5% Q19* 19% Q30 7%
Q9 7% Q20* 11% Q31* 23%
Q10 -1% Q21 1%

Q11 4% Q22 3%

The lower and upper quartiles of the QMS scores for the
Chinese students were [9.5, 17.5], which meant that one
fourth of the Chinese students scored higher than 17.5 out of
31 (56% of the full score). In contrast, the lower and upper
quartiles of the QMS scores for the American students were
[9.25, 20.75]. There was not much difference between the
low-performing students in China and the US. However, the
American students outperformed their Chinese peers in the
high-score zone. One fourth of the American students had a
score above 67% of the full score (20.75/31). Twenty percent
of the American students correctly answered more than 23
questions (75% of the full score), but only six percent of the
Chinese students obtained scores higher than 75%.
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FIG 1. Population percentage distribution of the QMS scores
for the students in the US.
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FIG 2. Population percentage distribution of the QMS scores
for the students in China.

To better interpret the difference between the Chinese
and American undergraduate students’ understanding of
quantum mechanics, we further analyzed their QMS scores
in different contents. The major contents covered in the QMS
are listed in Table 3 [3]. Note that even the physics faculty
had different ways of categorizing the quantum mechanics
problems [5]. Table 3 shows only one possible categorization
of the QMS questions. The category of “other” involved the
concepts of uncertainty principle, degeneracy and
Ehrenfest’s theorem [3].

TABLE 3. Categories of the QMS questions.

Concepts Item number

Possible wavefunctions 1, 6,14, 16, 30

18, 19, 24, 27, 31
5,7,8,11,13,17, 20, 22,

Bound/scattering states

Measurement 28
Time depgndence of 2. 10,23, 26
expectation values
Expectation values 9, 12,25

Stationary and

. 3,4, 6,15, 20, 25, 28, 29
non-stationary states

Role of the Hamiltonian 26,27,29

Time dependence of
wavefunctions

Other

3,4,6,15,17,22,29

21,25, 26

The Chinese and American students’ average and
median scores in each category are listed in Table 4.
Although the average scores of American students were
higher than those of the Chinese students in all categories,
the median scores of the American and Chinese students
were exactly the same, except for the category of “other”.
For example, in the category of ‘“stationary and non-
stationary states” containing 8 questions, the median scores
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of the 318 Chinese students and 112 American students were
both 3. Hence, the median of this category was 38% (3 out
of 8) for both Chinese and American students in Table 4. The
category of “other” is the only category for which the
Chinese and American students had different median scores.
There were three questions in the category of “other”, and
the median for the Chinese students was 33% (score 1 out of
3). It happens that half of the American students (56 out of
112) achieved a score of 0 or 1, and the other half obtained a
score of 2 or 3. Therefore, the median score for this category
was 50% (score 1.5 out of 3) for the American students.

TABLE 4. Comparison of Chinese and American students’
average and median scores on the QMS questions in different
categories.

Average Median
Category

US CN US CN
Possible wavefunctions 36% 32% 20% 20%
Bound/Scattering states 51% 33% 40% 40%
Measurement 49% 45% 44% 44%
Time depgndence of 59%  52%  50%  50%

expectation values
Expectation values 50% 42% 33% 33%
Stationary and 45%  37% 38% 38%

non-stationary states

Role of the Hamiltonian ~ 44% 28% 33% 33%
U dlgpandizigs 48% 44% 43%  43%

of wavefunctions
Other 51% 38% 50% 33%

The greatest difference occurred in the categories
“bound and scattering states” and the “role of the
Hamiltonian”. Below, we take one question from the
category of the “role of the Hamiltonian” as an example to
discuss the similarities and differences between the Chinese
and American students’ answers.

026. Choose all of the following equations that are correct
for a quantum particle interacting with a 1D potential energy

V(x).
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Question 26 asked the students to choose the equations
that were correct for a quantum particle interacting with 1D
potential energy. The correct answer was A (option 3 only),
and 43% of the American students and 27% of the Chinese
students correctly answered this question. Options 1 and 2
were incorrect because it is the expectation value of the
observables that follow the classical laws of motion.
Students may mistakenly apply the classical laws of motion
to the quantum operators in the Schrodinger formalism.

TABLE 5. Distribution of students’ answers to Q26.

A B C D E
US 43% 0% 28% 2% 24%
China  27% 4% 15% 17% 35%

The preferences in Chinese and American students’
wrong answers to Q26 were different. If a student selected B,
C or E, he/she may have mistakenly thought that

d&/dt= p/m (option 1) was correct in quantum mechanics.

As shown in Table 5, 52% of the American students and 54%
of the Chinese students involved in this survey thought that
option 1 was correct. Similarly, if a student selected B, D or
E, he/she may have mistakenly thought that
dp/dt=—oV (x)/ox (option 2) was correct in quantum
mechanics. About 56% of the Chinese students considered
option 2 correct. The data showed that the Chinese students
who answered Q26 wrong had equal preference for the two
distractors of options 1 and 2. However, the percentage of
American students choosing option 2 was only 26%, which
was half the percentage of American students who selected
option 1 in Q26.

Further analyzing students’ answers to Q26, we argue
that students’ proficiency of classical mechanics may have
been a factor that caused the difference between the Chinese
and American students’ performance in QMS. Option 1 in
Q26 involved the classical concept of velocity, and option 2
involved the concept of force. It is easy for students who
have learned introductory physics to understand that
d&/dt= p/m(option 1) is related to velocity. However, we
suspect that it might be harder for students to directly observe
that dp / dt = -6V (x)/ &x (option 2) is related to force. Only

2% of the American students chose answer D (options 2 and
3). In the future, we plan to distribute a survey about classical

mechanics and conduct interviews with the students who did
not select option 2 of Q26. We must find out whether these
students realize that option 2 is a distractor that is incorrect
in quantum mechanics, or they just do not recognize that
option 2 is related to the classical concept of force.

I1l.  DISCUSSION

In previous investigations, Chinese students have often
shown a great advantage over American students in basic
physics assessments such as FCIand BEMA. A major reason
is that Chinese high school students have had rigorous
training in math and sciences in order to be accepted into
universities. Hence, Chinese freshmen in college-level
introductory physics classes usually have a good conceptual
understanding of the basic mechanics and E&M contents. On
the other hand, the physics background of American high
school students is highly diverse. Some students pass
calculus-based AP physics courses, while others stop
learning physics after grade 9 or grade 10. Many American
students taking introductory physics courses have very
limited physics knowledge before entering universities.
Therefore, the results of the comparison of FCI or BEMA
between Chinese and American students was not surprising
to the PER community.

However, Chinese students’ advantage in physics
disappeared in the Quantum Mechanics Survey. Neither the
Chinese students nor the American students had learned
quantum mechanics in high school. All the physics major
students in both China and the US started to take quantum
mechanics courses on the basis of calculus-based university
physics. Moreover, since underperforming students in the
introductory physics courses were less likely to choose to
take quantum mechanics courses in US universities, the
physics background of the Chinese and American students
taking the QMS should be comparable.

Our data showed that the American students performed
better on the QMS than Chinese students. The high-
performing students in the top universities in the US mainly
contributed to this advantage. Our current study is still
limited by the sample size. We must administer more surveys
to investigate whether there is a significant difference
between American and Chinese students in different levels
of universities. We will also lead in-depth interviews with
students to probe their pre-knowledge in classical mechanics
and evaluate its influence on students’ understanding of
quantum mechanics.
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