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Abstract   
With the increasing attention to STEM (Science, Technology, Engineering, and Math), hands-on Curriculum Practical 
Training (CPT) has been expanding rapidly worldwide as a requirement of the undergraduate engineering education. In 
China, a typical CPT for undergraduate engineering students requires several weeks of hands-on training in the 
industry.  
So far the evidence on the effect of CPT is inconclusive for education researchers and policy makers. Employing a 
dataset collected from China in 2013, this study endeavors to identify the effect of CPT on engineering students’ career 
development in China. This research uses two outcome variables to gauge work place outcomes: earnings and 
productivity.  
With the Propensity Score Matching approach, this study shows several results: 1) most engineers benefit from their 
CPT and value this hands-on training experience; 2) without matching, CPT has a statistically significant positive 
contribution to future earnings. However, the significant effect vanishes after matching; 3) CPT was a significant 
positive determinant of productivity with and without matching; and 4) the effect of CPT was heterogeneous 
depending on personal characteristics.  
Keywords: Engineering education, Practical training effects, Earnings, Productivity, Propensity score matching  
1. Introduction 
In the U.S., practical training programs allow international students to work outside of the school by engaging in 
hands-on training during their degree program or after it ends. Practical training provides valuable work experience by 
sharpening and adding to the skills learned in school. In the U.S., there are two types of practical training available for 
F-1 visa students: curricular practical training (CPT (Note 1)) and optional practical training (OPT). CPT must relate to 
a student’s major and the experience must be part of the student’s program of study while OPT doesn’t have to be part 
of the program (U.S. Immigration and Customs Enforcement, 2015). Three characteristics of CPT are required for each 
student: CPT has to be part of curriculum, relate to the student’s major, and takes place outside the campus.  
Accordingly, CPT, though applied to international students only in the U.S., shares similar characteristics with Sheng 
Chan Shi Xi (practical training) in the context of China’s engineering education (Note 2). In China, a typical CPT for 
undergraduate engineering students requires several weeks’ hands-on training in the industry. This period provides 
students an opportunity to hone their skills on real-world problems rather than hypothetical ones, understand how to 
balance high efficiency with tight timelines, balance robust feature sets with low cost, and acquire working experience 
toward their career. For instance, Computer Engineering students need to learn skills in computer manufacturing, 
hardware design, assembly line process, equipment structure and operation (Note 3). CPT for students in other majors 
requires more time to complete. For instance, Civil Engineering students at Tongji University are required to take 40.5 
weeks CPT (Chen, 1999). In terms of grading, usually it includes three parts: written exam (40%), CPT report (40%), 
performance and attendance (20%).  
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Figure 1. Enrollment of Engineering Students and Number of Engineers  

(Source: China MOE and National Bureau of Statistics) 
Aside from the cost of time, CPT means a high educational cost for universities. As we can see from Figure 1, China’s 
engineering education has grown remarkably as the number of enrollment has doubled in the past 10 years, and this 
trend of growth continues. One third of China’s undergraduate students are in an engineering program. In total, there 
were 4,522,917 undergraduate students enrolled in engineering programs in 2012 (Note 4). If the direct cost of CPT 
per student is RMB 20 ($3.26) per day (Note 5), the national cost of a four week CPT will be about RMB 1.8 billion 
($290 million).  And this estimate only serves as a lower-bound since other costs, such as costs of coordination and 
logistics, were not included.    
Given the substantial built-in cost of CPT in engineering education, people may expect positive results. Yet, students, 
professors, and industry doubt the effectiveness of CPT (see Section 2). Hence, solid empirical analysis based on a 
high quality dataset is needed to ascertain the impact of CPT on students’ post-college careers.  
This study therefore tries to examine the effect of CPT on engineering students’ career performance by answering the 
following research questions:  
1) What’s the effect of CPT on engineering students’ post-college earnings? 
2) What’s the effect of CPT on engineering students’ post-college productivity? 
This paper is organized as follows: Section 1 provides an introduction of CPT and problems of CPT in China’s 
engineering education. Section 2 reviews existing literature regarding CPT’s effects and identifies research questions 
for this study.  Section 3 is on research methodology; it discusses endogeneity problems in capturing the real casual 
effect, and explains the advantage of using quasi-experiment approach as the identification strategy.  Descriptive 
statistics are presented in Section 4; and propensity score matching & regression analysis in Section 5.  The paper 
concludes with policy implications, limitations and future work in Section 6.  
2. Literature Review  
Despite the fact that CPT is built in an engineering program’s curriculum and widely accepted by colleges and 
universities in China, researchers and practitioners have been debating about CPT’s effectiveness for decades. As 
Table 1 indicates, the majority of previous studies hold a negative view of the current situation of CPT as part of an 
engineering education. In fact, only a handful of researchers are satisfied with CPT in their fields and programs. Since 
most existing researches were narratives, these studies discuss CPT’s effectiveness in general with very few studies 
providing their methodology. Shao (2013) surveyed students about their CPT experience and used student’s 
satisfaction as a proxy for effectiveness. 
On the “Aye” side, Chen (1999) emphasized the significance of practical training for the Civil Engineering program in 
Tongji University. The 40.5 weeks of rigorous hands-on training counts for 25.1% of the total four-year program, 
assures that every graduate is equipped with qualified skills as a civil engineer. Echoed with Chen (1999), Qiao (2005) 
and Zhou (2008) confirmed the effectiveness of CPT in Material Engineering and Computer (and Electronic – based on 
the Table 1) Engineering respectively. Qiao (2005) reemphasized the importance of spending enough time at CPT so 
that students are able to produce quality products.  Zhou (2008) found positive feedback from industries after Hunan 
University of Commerce added two more CPT weeks in the Computer Science curriculum. More recently, Zou (2009) 
reviewed the class of 2002 and 2003 Information Technology students and found that participating in CPT helps 
students gain an advantage in the job market. Similarly, Yan (2009) reported the success of extending the CPT to one 
or two whole semesters in Aviation programs. What is consistent from these positive view studies is that the length of 
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CPT matters: the longer, the better. However, none of these five studies provide any individual level evidence to 
support their argument.  
On the “Nay” side, Tong (2013), Liu (2005) and Tang, Xiao, & Guo (2013) did not specify the field of study but looked 
at engineering programs as a whole. They agreed in general, that CPT cannot meet students need for acquiring skills 
and industry’s demand for skilled workers. In contrast, Jia, Yan, & Li (2006), Duan & Chen (2013), Liu (2013) and 
Zhou & Jiang (2013) focus on students in Mechanical Engineering. They agreed that the lag behind engineering 
education in practical training has hindered the development of China’s manufacturing because many Mechanical 
Engineering graduates are not qualified for engineering positions. Lastly, they all shared the sentiment that a good CPT 
partner in industry is critical to college and universities, but finding a good one is not easy.  
Overall, these studies found several key elements towards an effective CPT: sufficient funding; responsible professors 
and staff; and cooperative firms in the industry. As the debate of CPT heats up, a critical question has not yet been 
answered: how to motivate students?  Only a few of these studies touched the point of how to motivate students (Xi & 
Wu, 2002; Zou, 2009; Lin & Pan, 2013). One way to motivate students is to show them the returns of CPT. However, 
very few studies have been done to explore the effect of CPT on an individual’s labor market outcomes (such as 
successful employment, high earnings, etc.) and career development, even outside of China. In the U.S., Callahan & 
Pedigo (2002) revealed that hiring managers demanded up-to-date skills and practical experience from their entry-level 
employee pool, and a practice-oriented curriculum strikes dead center on what students need to succeed in the job 
market. Unfortunately, Callahan & Pedigo (2002) did not provide sufficient detailed micro-level evidence from their 
survey.  
Table 1. Summary of Literature on CPT’s Effects 

Research Programs Length of CPT 
Research 
Method 

Effect 

Chen (1999) Civil Engineering 40.5 weeks Narrative + 
Xi & Wu (2002) Aviation Not indicated Narrative _ 
Liu (2005) Engineering Not indicated Narrative _ 
Qiao  (2005) Material 12 weeks Narrative + 
Jia, Yan, & Li (2006) Mechanical Not indicated Narrative _ 
Cao & He (2008) Material 2-4 weeks Narrative _ 

Huang, Yang, & Zhang (2008) Energy, Material Forming 
and Control 4 weeks Narrative _ 

Wei, Ye, & Zhang (2008) Agriculture 2-4 weeks Narrative _ 
Zhou (2008) Computer, Electronic 2-4 weeks Narrative + 
Yan (2009) Aviation 18-36 weeks Narrative + 
Zou (2009) Information Not indicated Narrative + 
Wang, Zhang, & Yang (2010) Mining 4 weeks Narrative _ 
Wu (2011) Geodesy, Geometrics Not indicated Narrative _ 
Guo (2012) Pharmacy Not indicated Narrative _ 
Duan & Chen (2013) Mechanical 4 weeks Narrative _ 
Lin & Pan (2013) Hydrology 4 weeks Narrative _ 
Liu (2013) Mechanical 4 weeks Narrative _ 

Shao (2013) Chemical, Textile, 
Architecture, Mechanical 1-2 weeks Survey _ 

Tang, Xiao, & Guo (2013) Engineering Not indicated Narrative _ 
Tong (2013) Engineering Not indicated Narrative _ 
Zhao (2013) Electronics 1-2 weeks Narrative _ 
Zhou & Jiang (2013) Mechanical 2-4 weeks Narrative _ 
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In sum, there are mixed findings on CPT outcomes and there is no research about the impact of CPT on engineers’ 
workplace outcomes in China. The methodological issues including endogeneity of CPT participation should be 
carefully addressed so as to make the results more convincing. The lack of research on the effect of CPT is mainly due 
to the difficulty of collecting data and lack of comprehensive data. In terms of methodology, previous studies merely 
use narrative (not even descriptive analysis) and conduct very few data analysis. More and better empirical studies on 
CPT are sorely needed.  
Hence, this study aims to go beyond existing studies on the same topic in several ways: a) it uses national survey data 
(instead of one school case); b) it uses propensity score matching method (instead of narrative or qualitative approach); 
and c) it measures the impact of CPT in the long-term (instead of short-run).  
3. Identification Strategy  
Quantitative identification of the causal effect of CPT is difficult because of data constraint and technical problems 
such as endogeneity (i.e., participation in CPT is determined by some exogenous variable which also determine the 
dependent variable). Hence, most existing studies used narrative approaches (as Table 1 indicates).  
Before the discussion of identification strategy to estimate the return to CPT, a brief explanation of the theoretical 
model (returns to education) is needed because the empirical model and the data collection are based on the theoretical 
model. Private return to education is usually measured by the net benefits one can expect from additional schooling 
(Carnoy, 1995). Two ways are widely used to estimate the Rates of Return (RoR) to education: Net Present Value 
(NPV) (Grubbström, 1967) and Mincer’s method (Mincer, 1958) (Note 6).  
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Where B is benefit, C is cost, n is the periods of time. By setting NPV equal to zero, we can calculate the internal rate 
of return (IRR), which is the Rate of Return (RoR) to education. 
Mincer’s method estimates Rates of Return by an Ordinary Least Square (OLS) regression with earnings as the 
dependent variable and years of schooling as the independent variable. 

εγβα +++= XEduY         [2] 

Where Y is the log of earnings; Edu is the years of schooling; X is a vector of covariates. β  is the RoR to education. 
It should be noted that ε  is an error term, which is assumed to be normally distributed and is NOT correlated with 
Edu or X.  
In this research, we attempt to replace Edu in the model with CPT and estimate it as the RoR to CPT because Edu is the 
same for all college students.  

 εγβα +++= XCPTY CPT         [3] 

However, we still need to deal with the endogeneity problem within the classic returns to education model. Recall that 
Mincer’s method assumes that ε  is normally distributed and is NOT correlated with Edu or X, so if it is correlated 
with CPT or X, OLS estimates are likely to be biased as assumptions never hold. Omitted variable is one of the reasons 
for the bias. For instance, higher earnings of the more educated may be due to unmeasured effects of social and family 
connections, higher ability, and greater effort and persistence. Most of the studies (Griliches and Mason, 1972; Bound 
and Solon, 1999) pointed out that education is endogenous. Some confounding covariates are not easy to observe and 
hard to measure precisely, such as ability and motivation. The omission of these variables may cause upwards bias if 
their correlation with Y and Edu are the in the same direction. For example, higher ability people tend to earn more and 
also more likely to stay in school longer, because school is easy for them (Taubman, 1976). Unfortunately, this bias 
may stay true in the CPT model.  

εηγβα ++++= AXCPTY CPT
'        [4] 
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Where A refers to ability, η is the coefficient of ability, and '
CPTβ is the unbiased estimate of RoR. Referred to in [3], 

we can get ACPTCPTCPT bηββ += ' , where ACPTb  is the regression coefficient of ability on CPT. Since 0>ACPTb , 
the OLS estimate is upwards biased. 
Thus, in treatment (Note 7) circumstances, the difference in outcome between the treated and control may depend on 
characteristics that affects whether a person will receive the treatment or not, rather than the true effect of the treatment 
per se. In order to tease out the true treatment effect, this study endeavors to address the endogeneity problem with 
Propensity Score Matching (PSM). The PSM method says that rather than controlling for all the variables in X, it is 
sufficient to control for just the propensity score, which is just a one-number summary of X (Gelman and Hill, 2006).  

)|1Pr()( XZXe ==            [5] 

Where Z is the treatment variable (participating CPT students in this research) and X is a vector of pre-treatment 
covariates.  
If the estimand we want to estimate is the average treatment effect on the treated (ATT), 
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And if the assumption of ignorability (Note 8) holds and we match on the propensity score 
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Therefore we should be able to get unbiased treatment effect estimate 
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In practice, this means to use the matched groups to estimate each mean.  
The procedure for using PSM can be summarized as three steps: 1) search for a close-balanced propensity score model 
on an individual’s pre-treatment characteristics; 2) estimate the individual’s propensity score with probit/logit; and 3) 
run a regression on treatment and covariates with the outcome as the dependent variable (Guo and Fraser, 2010). The 
reason for emphasizing balancing in step one is because we want to make sure that for each treatment group member, 
there is a control group member that is sufficiently similar that we believe they can act as an empirical counterfactual. 
That’s why we need a large overlap (common support) of the two groups.  
The primary advantage of PSM over OLS is that PSM does not have to specify the multi-dimensional relationship 
between X and the outcome. This way, PSM also reduces bias caused by possible multicolinearity among covariates.  
4. Data and Descriptive Analysis 
4.1 Survey and data  
The survey in 2013, with a title of “Outstanding Engineer Plan Questionnaire”, was conducted by Chinese Academy of 
Engineering and China’s Ministry of Education, and led by researchers at Tsinghua University in Beijing, China. 
Researchers drew a sample of 2,272 (Note 9) engineers out of 7,428, from six Chinese organizations, among which, 
one was a listed company, two were large state-owned enterprises and the remaining three were research institutes (one 
at a province level and two at a city level). As in most engineering firms, this sample is unbalanced with male 
dominance (74.8% male and 25.2% female).  
Table 2 summarizes the main characteristics of this sample. It is worth noting that the means of dichotomous variables 
should be interpreted as proportions.  
The treatment variable CPT was derived from survey question: “How’s your practical training at college?” The answer 
options include 8 categories (Note 10) by the settings where the practical training took place: 1) school’s lab; 2) 
school’s metalworking practical studio; 3) school affiliated factory; 4) small state-owned enterprise; 5) medium and 
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large state-owned enterprise; 6) private enterprise; 7) foreign enterprise/joint ventures; and 8) government. Survey 
results indicated that survey participants were trained in at least one of the above categories. Not all of these categories 
can count towards CPT. As stated earlier, one of CPT’s characteristics is “outside of campus” and only options 4) small 
state-owned enterprise; 5) medium and large state-owned enterprise; 6) private enterprise; 7) foreign enterprise/joint 
ventures; and 8) government meet this requirement. Hence, to be included in the treatment group, a student must be 
enrolled for practical training in any area between options 4) to 8); otherwise they would be counted toward the 
control/comparison group.  
Table 2. Distribution of Sample Characteristics 

Variable N Mean Standard 
Deviation Min Max Measure 

Gender 2,272 0.75 0.43 0 1 Male or female 
Age 2,249 33.97 9.01 21 72 Age at 2012 
Education 2,249 3.04 0.62 1 5 Level of education 
Experience 2,263 12.05 10.17 1 49 Years of working 
Industry 2,272 0.73 0.43 0 1 Industry or research 
Professional title 2,230 2.81 1.03 1 6 Level of professionals 
Father’s education 2,232 1.04 0.92 0 4 Level of education 
Mother’s education 2,226 0.71 0.78 0 5 Level of education (Note 11) 
Residence at age 14 2,222 4.17 1.93 1 7 Types of residence areas 
Have a private bedroom  2,226 0.34 0.47 0 1 Yes or no 
Have Internet at home 2,235 0.20 0.40 0 1 Yes or no 
Have TV at home 1,942 0.32 0.46 0 1 Yes or no 
Have laptop 1,497 0.04 0.19 0 1 Yes or no 
Have radio 2,146 0.21 0.32 0 1 Yes or no 
Have musical instrument 1,673 0.16 0.47 0 1 Yes or no 
Have camera 1,525 0.89 0.30 0 1 Yes or no 
Ranking at high school 2,197 1.83 0.92 1 5 Quartile ranking 
CPT 2,272 0.69 0.46 0 1 Participated in CPT or not 
Initial salary per year (Note 12) 2,147 1.81 1.77 0 24 Nominal value in that year 

There are several reasons why we differentiate outside of campus practice (CPT) and on campus training (control 
group), and expect that these two types of practice will have different impact on student’s workplace outcomes. a) 
Scale. Facilities in factories and firms were usually in a larger scale compared to on campus labs or studio settings. 
That way, students that participated in CPT have experience that the control group doesn’t have; b) Quality. By the 
same token, resources and physical plant in factories and firms were up-to-date and provide a more real world 
experience/work environment. Training instructors were most likely to be workers who were more apt in their field 
and provided higher quality training. Hence, the quality of practical training in CPT is likely to be higher compared 
to on campus practices; c) Networking. Aside from gains in skills, outside of campus training also provides 
opportunities for students to network with workers and managers in firms, which will gain social capital to their 
career development.  
In total, the treatment group consists of 1,580 participants while the control group includes 692 individuals. Among the 
treated, 1,204 were male while 376 were female with most of the participants doing their CPT in an industry setting 
(97%) and only a small group (3%) at government setting.  
4.2 Self-reported CPT effectiveness data  
The survey also contains information directly related to the effectiveness of CPT. The questionnaire surveys each 
engineer’s opinions about the effect of CPT on their jobs. These self-reported CPT effect data are in a scale of 1-4: 1) 
large effect; 2) medium effect; 3) small effect; and 4) no effect. One may use this self-reported effect data as a proxy of 
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engineers' personal satisfaction with CPT, rather than the real effect of CPT on their post-college career.  
Results show that most engineers (94.2%) agree that CPT was helpful to their jobs, with only about 6 percent 
conveying a clear disagreement. This finding is consistent with and adds to the literature (Chen, 1999; Qiao, 2005) 
about positive effects of CPT. Results are also in line with Dewey’s observation that environment affects educational 
experiences (Dewey, 1938) as the effect does vary by setting. The majority of engineers conducted their CPT at 
medium and large state-owned enterprises, followed by private enterprise, small state-owned enterprises, with a small 
group at foreign enterprise/joint ventures and government settings. 
Table 3. Self-reported CPT Effect  

 
No  

effect 
% (Note 13)

Small effect
% 

Medium 
effect 

% 

Large effect
% 

Small state-owned enterprise 4.7 23.3 37.7 34.3
Medium and large state-owned enterprise 3.1 15.7 39.8 41.4
Private enterprise 6.7 16.2 38.8 38.3
Foreign enterprise or joint ventures 13.3 15.8 37.1 33.8
Government  17.0 23.1 33.0 26.9

Table 3 summarized the results from the survey. In general, engineers conducting their CPT at medium and large 
state-owned enterprises were the most satisfied, with more than 80 percent reporting a medium or large effect. The ‘no 
effect’ proportion was as low as 3 percent. In contrast, the ‘no effect’ proportion was about 15 percent at foreign 
enterprise/joint ventures and government settings, which was higher than the other settings. In between were small 
enterprise and private enterprise, with ‘no effect’ rates of 5 percent and 7 percent, respectively.  
These findings were consistent with the literatures about positive CPT effect in large enterprises (Zhou, 2009; Zou, 
2009) and negative CPT effect in small and private enterprises (Cao & He, 2008; Gou, 2012; Wei, Ye, & Zhang, 2008).  
4.3 Workplace outcomes  
The survey also reports labor market outcomes related to career development. For instance, earnings refer to the gross 
before-tax (Note 14) income in 2012, including full-time job salary, part-time job salary, bonus, project allowance, 
income from technology transfer, etc. The variable earnings was an ordered categorical variable, which was measured 
by ten income levels ranging from RMB 30,000 to 570,000 ($4,886 to 92,849).  
Another variable related to career development was the cumulative amount of funding engineers received from all the 
projects and programs they have led.  This variable can be used as a proxy of engineers’ productivity.  

  
Figure 2. Distribution of earnings (Note 15) 
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Figure 3. Distribution of productivity  

In order to distinguish the difference in career development outcomes between the treated and control, Figures 2 and 3 
provide a comparison. In terms of earnings, the treated (those with CPT experience) tend to have higher income levels. 
However, the difference was more subtle for productivity. In the treatment group, productivity was widely distributed 
from zero to RMB 14,000 ($2,280). However, productivity in the control group tends to concentrate towards the lower 
and higher ends, but not the middle. None of the existing literature has yet captured this phenomenon.  
5. Impacts of CPT on Workplace Outcomes 
In this section, the effects of CPT on an engineer’s career development (post-college earnings and productivity) are 
discussed in several ways. First, the baseline estimates from OLS are reported. Second, the effects are estimated based 
on Propensity Score Matching. Finally, heterogeneous effects and robust checks of the estimation are examined.  
5.1 Baseline Model (without matching) 
There are two different measures of an engineer’s career development. The ordered categorical variable earnings 
indicates the pecuniary returns to CPT and the continuous variable productivity is used as a proxy for an engineer’s 
performance at work, which may not be returned in pecuniary forms. The covariates involved in these analyses are 
listed in Table 2, with the descriptive statistics.  
Table 4 reports the effects of all the covariates on the whole sample, estimated with ordered probit (for earnings) and 
OLS (for productivity). The main difference between models are: Models 1 and 4 control for covariates that affect the 
outcome variable; Models 2 and 5 add working place related covariates; and Models 3 and 6 add pretreatment variables 
to control for SES and ability.  
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Table 4. Regression Results - Baseline Model 

Dependent Variables: earnings productivity 
(1) (2) (3) (4) (5) (6) 

CPT 0.178***
(0.001)

0.189***
(0.000)

0.236***
(0.001)

0.144
(0.439)

0.159 
(0.398) 

0.471*
(0.049)

Age – – 0.031*
(0.045)

– – 0.056
(0.356)

Initial earnings 0.128***
(0.000)

0.135***
(0.000)

0.175***
(0.000)

-0.016
(0.731)

-0.011 
(0.809) 

-0.128
(0.111)

Education 0.629***
(0.000)

0.636***
(0.000)

0.607***
(0.000)

0.455***
(0.004)

0.565 
(0.155) 

-0.110
(0.612)

Experience 0.138***
(0.000)

0.098***
(0.000)

0.092***
(0.000)

0.199***
(0.000)

0.126** 
(0.013) 

0.059
(0.474)

(Experience)2 -0.003***
(0.000)

-0.002***
(0.000)

-0.003***
(0.000)

-0.004***
(0.000)

-0.002** 
(0.035) 

-0.002**
(0.080)

Industry -0.652***
(0.000)

-0.623***
(0.000)

-0.665***
(0.000)

-0.913***
(0.000)

-0.820*** 
(0.000) 

-1.015***
(0.000)

Professional title 0.264***
(0.000)

0.250***
(0.000)

0.275***
(0.000)

0.416***
(0.001)

0.397*** 
(0.002) 

0.476***
(0.002)

Company experience – 0.061***
(0.000)

0.088***
(0.000)

– 0.118** 
(0.019) 

0.107*
(0.096)

(Company experience)2 – -0.001**
(0.014)

-0.002***
(0.003)

– -0.003* 
(0.049) 

-0.003*
(0.083)

Residence at age 14 – – -0.052***
(0.007)

– – -0.140**
(0.026)

Have a private bedroom – – 0.081
(0.255)

– – -0.159
(0.487)

Have Internet at home – – 0.227**
(0.012)

– – -0.115
(0.681)

Have TV at home – – -0.165*
(0.036)

– – -0.415*
(0.095)

Have laptop – – 0.084
(0.653)

– – -0.000
(1.000)

Have radio – – 0.179*
(0.060)

– – 0.411
(0.181)

Have musical instrument – – 0.350***
(0.000)

– – 0.251
(0.303)

Have camera – – -0.251*
(0.043) 

– – -0.833**
(0.048)

Ranking at high school – – -0.011
(0.748)

– – -0.328***
(0.003)

N 2,017 2,006 1,204 751 745 465
R squared – – – 0.191 0.198 0.306
Pseudo R squared     0.1376 0.143 0.184 – – –
Prob > chi2      0 0 0 – – –
Note: a) ***p<0.01, **p<0.05, *p<0.1; b) Standard errors are in parenthesis; c) Earnings is an ordered categorical 
variable, so ordered probit is used to estimate the coefficient; d) Productivity variable is in log term and coefficient is 
estimated with OLS; e) by ‘age’, it refers to the age of year 2013, not the age when the participant received the 
treatment, so the age effect may be better interpreted as a cohort effect.  
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Model (3) of Table 4 shows that CPT has a statistically significant positive contribution to future earnings. Other 
significant and positive determinants were CPT, age, initial earnings, education, experience, professional title, 
experience at the current company, residence at age 14, having access to internet, radio, musical instrument, or camera 
at age 14. In contrast, working in the industry (rather than research institutes), having tv and camera at home at age 14 
are negative determinants of future earnings.  
For productivity, Model (6) of Table 4 shows that CPT and professional title were significant positive determinants, 
while working in the industry (rather than research institutes), residence at age 14, having a tv or camera at age 14, and 
academic performance rankings at high school are negative determinants of productivity.  
5.2 With Matching (PSM Model) (Note 16) 
The critical task for propensity-score matching was to find a balanced model. As a rule of thumb, criteria for balance 
check in this research were: 1) for continuous variable, the difference in means to be less than or equal to 0.05 treatment 
group standard deviations and the ratio of standard deviations to be between 0.91 and 1.1; 2) for binary/indicator 
variables, the difference in percentage across groups to be less than or equal to 0.025. Table 5 summarizes the balance 
check for each covariate. Overall, this model satisfies all the balance criteria.  
Table 5. Propensity Score Matching Balance Check 

Variable Sample 
Mean SD STD Ratio Diff 

in % 
Treated Control Treated Control Diff of SDs  

Age Unmatched 32.453 35.162 8.77 9.54 -0.309 0.92  
 Matched 32.453 32.57 8.77 8.33 -0.013 1.05  
male Unmatched 0.788 0.719 0.41 0.45 0.167 0.91  
 Matched 0.788 0.81 0.41 0.39 -0.055 1.04 -0.022
grad Unmatched 0.186 0.162 0.39 0.37 0.061 1.05  
 Matched 0.186 0.17 0.39 0.38 0.042 1.04 0.016
bachelor Unmatched 0.285 0.327 0.45 0.47 -0.093 0.96  
 Matched 0.285 0.261 0.45 0.44 0.054 1.03 0.024
dad_eng Unmatched 0.201 0.276 0.4 0.45 -0.187 0.9  
 Matched 0.201 0.176 0.4 0.38 0.063 1.05 0.025
dad_pro Unmatched 0.175 0.209 0.38 0.41 -0.09 0.93  
 Matched 0.175 0.199 0.38 0.4 -0.064 0.95 -0.024
dad_army Unmatched 0.005 0.01 0.07 0.1 -0.079 0.69  
 Matched 0.005 0.006 0.07 0.08 -0.014 0.91 -0.001
dad_service Unmatched 0.072 0.036 0.26 0.19 0.138 1.38  
 Matched 0.072 0.071 0.26 0.26 0.004 1 0.001
dad_gov Unmatched 0.093 0.093 0.29 0.29 0.001 1  
 Matched 0.093 0.104 0.29 0.31 -0.037 0.95 -0.011
dad_unem Unmatched 0.043 0.036 0.2 0.19 0.033 1.08  
 Matched 0.043 0.045 0.2 0.21 -0.01 0.98 -0.002
urban Unmatched 0.425 0.464 0.49 0.5 -0.079 0.99  
 Matched 0.425 0.427 0.49 0.5 -0.004 1 -0.002
bedroom Unmatched 1.641 1.704 0.48 0.46 -0.13 1.05  
 Matched 1.641 1.662 0.48 0.47 -0.044 1.01 -0.021
internet Unmatched 1.819 1.802 0.39 0.4 0.044 0.97  
 Matched 1.819 1.821 0.39 0.38 -0.005 1 -0.002
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tv Unmatched 1.613 1.557 0.49 0.5 0.116 0.98  
 Matched 1.613 1.613 0.49 0.49 0 1 0
laptop Unmatched 1.043 1.018 0.2 0.13 0.122 1.52  
 Matched 1.043 1.044 0.2 0.2 -0.005 0.99 -0.001
radio Unmatched 1.864 1.835 0.34 0.37 0.085 0.92  
 Matched 1.864 1.86 0.34 0.35 0.011 0.99 0.004
instrument Unmatched 1.284 1.216 0.45 0.41 0.15 1.09  
 Matched 1.284 1.27 0.45 0.44 0.032 1.01 0.014
camera Unmatched 1.093 1.062 0.29 0.24 0.108 1.21  
 Matched 1.093 1.098 0.29 0.3 -0.017 0.98 -0.005
ranking1 Unmatched 0.469 0.448 0.5 0.5 0.042 1  
 Matched 0.469 0.45 0.5 0.5 0.039 1 0.019
ranking2 Unmatched 0.315 0.314 0.46 0.46 0.002 1  
 Matched 0.315 0.303 0.46 0.46 0.027 1.01 0.012
ranking3 Unmatched 0.152 0.157 0.36 0.36 -0.014 0.99  
 Matched 0.152 0.18 0.36 0.39 -0.078 0.93 -0.028
ranking4 Unmatched 0.037 0.041 0.19 0.2 -0.023 0.95  
 Matched 0.037 0.037 0.19 0.19 0 1 0

 
Figure 4. Propensity Score Matching Common Support Check 

Another factor that influences the matching results is the common support. Ultimately, the more overlapping between 
the two groups, the better the match will be. As Figure 4 indicates, treatment and control groups share a large area of 
common support.  
a) Coefficient 
As Table 6 indicates, the coefficient of CPT is not statistically significant for earnings but significant for productivity. 
The interpretation of coefficient in the productivity model is straight forward: participating in CPT increases an 
engineer’s productivity by 61.7 percent. And the coefficient in earnings model cannot be interpreted as in OLS. We 
will discuss them with marginal effect.  

.4 .6 .8 1
Propensity Score

Untreated Treated
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Table 6. Regression Results (PSM Model) 

Dependent Variables: 
earnings 

(1) 
productivity 

(2) 
Coefficient Marginal Effect Coefficient 

CPT 0.135 
(0.149) 

0.021 
(0.407) 

0.617** 
(0.041) 

age 0.048*** 
(0.000) 

0.014*** 
(0.000) 

0.094*** 
(0.000) 

male 0.160* 
(0.110) 

0.043* 
(0.068) 

0.330 
(0.329) 

graduate 1.655*** 
(0.000) 

0.454*** 
(0.000) 

1.124** 
(0.025) 

bachelor -0.575*** 
(0.000) 

0.202*** 
(0.000) 

-0.406 
(0.430) 

dad_engineer  -0.203 
(0.155) 

0.117*** 
(0.001) 

-0.174 
(0.726) 

dad_pro 0.102** 
(0.498) 

0.048 
(0.221) 

-0.472 
(0.376) 

dad_army 0.536 
(0.368) 

-0.004 
(0.974) 

0.843 
(0.160) 

dad_service 0.308** 
(0.038) 

-0.001 
(0.973) 

0.184 
(0.725) 

dad_gov 0.326* 
(0.083) 

0.038 
(0.483) 

-0.625 
(0.176) 

dad_unemploy 0.208 
(0.298) 

0.035 
(0.616) 

0.050 
(0.934) 

urban 0.072 
(0.889) 

0,594 
(0.101) 

1.648 
(0.142) 

bedroom -0.024 
(0.821) 

0.000 
(0.983) 

0.036 
(0.898) 

internet 0.037 
(0.782) 

-0.019 
(0.572) 

-0.408 
(0.238) 

tv -0.237** 
(0.031) 

0.040 
(0.197) 

-0.037 
(0.906) 

laptop -0.023 
(0.940) 

0.091 
(0.283) 

0.397 
(0.637) 

radio 0.231 
(0.115) 

-0.071* 
(0.054) 

-0.430 
(0.249) 

instrument 0.122 
(0.317) 

-0.066* 
(0.065) 

1.070*** 
(0.002) 

camera -0.166 
(0.462) 

0.045 
(0.359) 

-0.599 
(0.215) 

ranking1 -0.194 
(0.657) 

-0.099 
(0.250) 

1.638*** 
(0.008) 

ranking2 -0.052 
(0.906) 

-0.112 
(0.195) 

1.600*** 
(0.010) 

ranking3 -0.339 -0.064 1.357** 
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(0.452) (0.480) (0.045) 
ranking4 -0.021 

(0.964) 
-0.136 
(0.179) 

1.585** 
(0.042) 

Constant – -1.208 
N 1,232 461 
R squared – 0.211 
Pseudo R squared     0.102 – 
Prob > chi2      0 – 

Note: a) ***p<0.01, **p<0.05, *p<0.1 ; b) Standard errors are in parenthesis; c) earnings is an ordered categorical 
variable, so ordered probit was used to estimate the coefficient; d) productivity variable was in log term and coefficient 
was estimated with OLS. 
b) Marginal effect and model based prediction  
The marginal effect reported in Table 6 was the average marginal effect (AME). That means that the marginal effect of 
CPT (0.021) was estimated when all the covariate were at their means. Since the mean of dummy variables (i.e., being 
80% male) doesn’t mean anything in real life, we use model based prediction to interpret the effect. 
For example, a 30 years old male with a bachelor degree, a father who is an engineer, was raised in a rural area, owned 
a private bedroom, laptop, radio, musical instrument, camera, access to internet at 14, and was ranked in the top 10% at 
high school. What’s the effect of CPT on the probability of him/her having an income of RMB 50,000-70,000 
($8,051-11,272) in 2012? First, we calculate the marginal effect when CPT=1. In this scenario, the effect is 0.08. Next, 
we calculate the marginal effect when CPT=0, which is 0.07. Finally, we take the difference between 0.0006 and 
0.0004. This 0.01 difference is the treatment effect of CPT on this person’s earnings. In plain language, participating in 
CPT increases this person’s probability of an income of RMB 50,000-70,000 ($8,051-11,272) (Note 17) in 2012 by 
0.01. In this specific case, the treatment effect is small but significant.  
c) The mean of the average treatment effect  
Table 7. Corrected Standard Errors with Bootstrap (Y=earnings) 

Variable Reps Observed Bias Std. Err. [95% Conf. Interval] 

_bs_1    1,000 0.252 -0.128 0.150 -0.041 0.546 (N) 
     -0.193 0.402 (P) 
     0.085 0.546 (BC) 

Note:  N   = normal; P   = percentile; BC  = bias-corrected 
Table 8. Corrected Standard Errors with Bootstrap (Y=productivity) 

Variable Reps Observed Bias Std. Err. [95% Conf. Interval] 
_bs_1    1,000 0.375 -0.216 0.387 -0.385 1.135 (N) 
     -0.625 0.905 (P) 
     -0.169 1.243 (BC) 

Note:  N = normal; P = percentile; BC = bias-corrected 
We use bootstrap to simulate the matching procedure for 1,000 times to get the distribution of the estimand (ATT).  
The mean of the estimate of ATT on earnings is 0.252 and that on productivity is 0.375.  
In general, CPT has a small positive effect on earnings while the effect size is very small when propensity score is 
around 0.8. In contrast, CPT has a negative effect on productivity when propensity score is lower than 0.6. The effect 
turns out to be positive as propensity score goes up and beyond 0.6 and gradually diminish towards the high end 
(propensity score reaches 0.9 and above).  
5.3 Heterogeneous effects and robustness check 
a) Heterogeneous effects on earnings 
For heterogeneity analysis, we first look at the effect of CPT against an engineer’s age when they received the survey. 
As Figure 5 indicates that after an initial increase, the effect of CPT on earnings reaches its peak at age 46 and 
declines as age increases.  
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Figure 5. Effect of CPT depending on age 

Then, we compared the effects by male vs. female, rural vs. urban, and whether father is an engineer groups, using the 
same scenario as in previous discussion of marginal effect. All these three pair differences are statistically significant.  
Table 9. Heterogeneous Effects on Earnings 

Pair CPT’s Effect on Earnings Pair Difference 

Male 0.01 
0.002*** 

Female 0.008 
Rural 0.01 

0.001** 
Urban 0.009 

dad_is an engineer 0.01 
0.001** 

dad_not an_engineer 0.009 

Note: ***p<0.01, **p<0.05, *p<0.1 

Lastly, we examined the above three pair differences across age groups. Overall, the magnitude of these differences 
was quite small across all age groups. Interestingly, the effect of CPT for female overweighs that for male. This may 
relate to China’s retirement system. Women retire at age 55 and men retire at 60. If a female engineer continues to 
work after retirement, she must have exceptional skill sets and those skills were possibly gained from CPT training in 
college.  
In summary, the effect of CPT on earnings was heterogeneous in several ways. CPT has larger effect on male students 
than female students, on rural students than urban students, and on students whose father was an engineer than students 
whose father was not an engineer. Furthermore, the heterogeneous effects vary across age groups.  
b) Heterogeneous effects on productivity 
Since productivity is a continuous variable, heterogeneous effects can be captured using three interaction terms: 
cpt&male, cpt&rural, and cpt&dad_is an engineer.  
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Table 10. Heterogeneous Effects on Productivity 

Pair CPT’s Effect on Productivity Pair Difference 
Male 0.498 

0.291 
Female 0.207 
Rural 0.239 

0.032 
Urban 0.207 

dad_is an engineer 1.351 
1.144 

dad_not an_engineer 0.207 
Table 10 summarizes the different effects of CPT on productivity depending on male vs. female, rural vs. urban, and 
whether father is an engineer groups. Overall, CPT’s effect on productivity was larger for male engineers who lived 
in rural areas when they were 14, especially if their father was an engineer. However with regards to  this study, the 
differences were not significant.  
c) Robustness check 
As for robustness check, the main concern is the assumption of equal intervals between ordinal categories in ordered 
probit regression because the outcome variable earnings in the sample don’t hold that assumption. The intervals 
between ordinal categories of earnings vary from RMB 20,000 to 120,000. One way to check for robustness is to split 
the whole sample into three subsamples: 1) interval=RMB 20,000; 2) interval=RMB 40,000-90,000; and 3) 
interval=RMB 120,000. For each subsample, we repeat propensity score matching and regression. The results were 
quite similar to those from the whole sample. Another way is to use the mid-point of each income level and repeat the 
entire process, the results were very similar: without matching, CPT has a statistically significant positive contribution 
to future earnings. However, the statistical significance vanishes after matching. 
6. Discussion and conclusion 
6.1 Findings  
To conclude, this research demonstrates the following results from the engineer survey in China regarding the effect of 
CPT on the post-college career development of engineering students.  
First, based on a self-reported measure, the survey showed that most of the engineering students were satisfied with 
their CPT. This means that most engineers are satisfied with their CPT and value this hands-on training experience. 
More specifically, engineering students who conducted their CPT at medium and large state-owned enterprises were 
the most satisfied. In contrast, engineering students who conducted their CPT at foreign enterprise/joint ventures and 
government reported a relatively low satisfaction. These revelations of heterogeneous effects were consistent with 
previous studies. One plausible explanation for the high satisfaction with CPT at medium and large state-owned 
enterprise was that in one hand, state-owned enterprises were relatively less profit-oriented than private firms. 
Therefore, they were more accommodating to students. On the other hand, students also have more access to up-to-date 
technology and skills in medium and large enterprises than in small firms.  
Second, with regards to future earnings, this study found that without matching, CPT had a statistically significant 
positive contribution to future earnings. However, the statistical significance vanished after matching. With propensity 
score matching, the average marginal effect of CPT on future earnings was 0.021. More specifically, for an engineer 
who is a 30 year old male with a bachelor degree, a father who is an engineer, was raised in a rural area, owned a private 
bedroom, laptop, radio, musical instrument, camera, access to internet at 14, and was ranked in the top 10% at high 
school, participating in CPT increased this person’s probability of an income of RMB 450,000-570,000 
($73,301-92,849) in 2012 by 0.0002. The loss of significance after matching may be due to the endogeneity that comes 
from the institutional level. The confounding covariates used for matching were all pre-treatment and at individual 
level, therefore, matching can only control for the endogeneity at individual level but not the institutional level.  
Third, in terms of productivity, CPT remains a significant positive determinant with and without matching. Results 
with propensity score matching indicated that participating in CPT increases an engineer’s productivity by 61.7 percent 
and the mean of effect size is about 37.5 percent. The significance remains across models because productivity was a 
long run cumulative measure. Hence, this measure captures the effect of CPT on career development over time.  
Fourth and last, the effect of CPT on earnings was heterogeneous in several ways. CPT had a larger effect on male 
students than female students, on rural students than urban students, and on students with an engineer father than 
students whose father was not an engineer.  
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6.2 Implications  
Based on the generally positive findings of CPT’s effect on career development, this research gives several tentative 
policy suggestions for students, institutions, and the industry.  
Students should be motivated to attend CPT. One way to do this is to inform students about the positive effect of CPT 
on their career development and motivate students with role models. Therefore, colleges and universities should invite 
alumni to give a speech or have a discussion with students about their expectation of CPT and how to link CPT towards 
a successful career path. If possible, students can receive mentoring/coaching from alumni prior to attending CPT. 
Since the research found that CPT has positive effect on long-term labor market outcomes, it’s better to prepare 
students with information to align them with their long term vision toward career goals. The bottom line is that students 
need to know why CPT is important to them and in what way.  
At the institutional level, colleges and universities can continue to provide sufficient funding to CPT because CPT is 
valuable. To be fair in professor’s performance review, professors who lead CPT should be recognized for their time 
and effort. And in terms of curriculum, there are several options that colleges and universities can choose to modify 
their curriculum. 
a) Make CPT optional. If students are allow to select into CPT, only those who have the desire to pursue an engineering 
career will participate in CPT. Therefore, these students should be motivated to attend CPT. If that’s the case, colleges 
and universities won't have to worry about attitude issues.  
b) Allow students to select their CPT. As the research found students with a father who is an engineer tends to benefit 
more from CPT, colleges and universities can opt to allow student to use their family ties and network to contact firms. 
That way, only students who want schools to assign a place for them will participate in the CPT organized by the 
institution. Hence, the total educational cost of CPT will decrease.  
Alternatively, colleges and universities that cannot alter the curriculum (i.e., military institutions) can opt to change 
their grading system of CPT. The current grading includes 40 percent exam, 40 percent final report, and 20 percent 
from attendance. As previous studies revealed, students copy and paste reports from online papers, this 40 percent final 
report grade cannot indicate what students learned from CPT (Cao & He, 2008; Guo, 2012). Thus, colleges and 
universities can replace a final report with a daily log or weekly performance review similar to the process done in the 
industries.  
For industries, firms can include campus recruitment plan into CPT. That way, students who participate in CPT will be 
better oriented to firm’s specific demand and requirements. Therefore, firms won't have to worry too much about 
business intelligence and operation routines. Also, firms can benefit from the large talent pool and early selection 
process.  
6.3 Limitations and suggestions for further research  
There are several limitations of this study. First, the data used by this study was collected from a few organizations, 
which may undermine the external validity of the results. However, it is important to notice that regarding the six 
organizations, the findings were still applicable as a large engineer population was sampled.  
Second, this research only studies the impact of CPT in terms of participation, but does not consider the length of CPT 
into the analysis. Although this study has tried to collect CPT duration by setting, it is difficult to define a good 
measure due to the heterogeneity among the settings.  
Third, this research does not take the quality of CPT into account. Although the survey contains self-reported 
satisfaction data from engineers, it is difficult to measure the quality of CPT without getting feedback from institutions 
and industries. Thus, this study omitted the potential heterogeneous effects due to various CPT qualities.  
Based on this research, further studies could contribute to the scholarship in this area in at least three aspects. First, 
since firms surveyed in this study were all in public sector, the research should be replicated in other organizations 
such as firms in private sectors in China or other countries in order to improve the external validity of the conclusion. 
In the future survey, the sample can include private enterprise, foreign firms and joint ventures.  
Next, the length of CPT should be taken into account. Further studies can either add CPT duration instrument in the 
survey or conduct PSM and regression on the stratified population by setting.  
Finally, the measure of CPT quality should be studied. Qualitative research methods such as interviews can be used in 
future? studies to better understand how CPT was conducted and perceived.  
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Notes 
Note 1. There is no exact equivalent of Chinese Sheng Chan Shi Xi in other post-secondary education systems. CPT 
is the closest that we can refer to. Since CPT is a legal term in the U.S, we provide the definition, reference, and 
explain the similarities of CPT and Sheng Chan Shi Xi.  
Note 2. By definition, China’s engineering higher-education covers 22 programs, which are Applied Geology, 
Materials Science, Mechanical Engineering, Instrument & Meter, Thermal & Nuclear Energy, Electronics & 
Information, Civil Engineering & Architecture, Hydraulics, Survey & Measure, Environment & Safety, Chemical 
Engineering & Pharmaceutics, Transportation, Oceanic, Light Industry, Textile & Food, Aeronautics & Astronautics, 
Weaponry, Engineering Mechanics, Biotechnology, Agriculture Engineering, Forestry Engineering, and Public 
Safety Technology. This list is from China Ministry of Education’s statistical instruments. 
http://www.moe.edu.cn/publicfiles/business/htmlfiles/moe/moe_1653/200710/26613.html 
Note 3. Reference: a CPT guide book for Computer Science students of a university in Shaanxi, China. 
Note 4. Data source: Enrollment data were from Ministry of Education of the People’s Republic of China. 
http://www.moe.edu.cn/publicfiles/business/htmlfiles/moe/s7567/201308/156602.html Engineer data were from 
National Bureau of Statistics of China. http://data.stats.gov.cn/index 
Note 5. RMB refers to Ren Min Bi, China’s official currency. 1RMB=0.16 US Dollar. According to USTB (2006), 
the direct cost of CPT per student per day includes housing (RMB12), food (RMB 2), and fees (RMB 2.5), so the 
total is RMB 16.5. We used CPI index to convert this price to 2012’s real cost. CPI2006=471.0 and CPI 2012=579.7, so 
CPT’s cost in 2012=RMB 16.5*(579.7/471.0)=RMB 20.2. CPI index is from National Bureau of Statistics of China. 
http://data.stats.gov.cn/search/keywordlist2?keyword=CPI  
Note 6. This research cannot employ NPV because cost data are not available.  
Note 7. CPT is the treatment in this research. As this study is not a real experiment, treatment group refers to 
students that received the intervention (CPT). The control (comparison) group is students without CPT experience. In 
the matched pair, the student in the control group is identical to his/her pair minus the CPT experience. It should be 
noted that not all colleges/universities requires CPT.  

Note 8. Ignorability means XZYY |)1(),0( ⊥ , referred to “ignorability of the assignment mechanism” (Rubin, 
1978)  
Note 9. Since one observation (ID=400334) has not yet joined the labor force (year_com=2015). He/she was 
removed from the sample for the purpose of this study. 
Note 10. Although 21 observations selected ‘others’, no detailed information was included in the conducted survey, 
therefore we leave these observations out. It would be useful to get text information about ‘other’ and then reclassify. 
Note 11. 5 refers to doctoral degree and 0 refers to primary school or under. One engineer’s mother has a doctoral 
degree.  
Note 12. Unit is RMB 10,000 ($1,628). 
Note 13. This percentage is by row.  
Note 14. As of year 2014, an individual’s income is taxed progressively at 3-45% in China. 
Note 15. Red solid line is the treatment group (sample size: 1,580) and blue dashed line is the control (sample size: 
629). Income levels range from RMB 30,000 to 570,000 ($4,886 to 92,849).  
Note 16. Results reported in this paper are from nearest neighbor matching approach. We tried several other 
matching approaches: K-closet, radius-standard), and radius-kernel. Results are quite similar. 
Note 17. We choose this income level because this is where the mean locates. We’ve tried other levels of earnings. 
RMB 50,000-70,000 the only income level that the coefficient of CPT is significant. 
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