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ABSTRACT

The demand for engineering talent is increasing with economic and societal
developments. Along with this, nations worldwide are attaching increasing importance
to engineering education under international science, technology, engineering and
mathematics initiatives. In China, engineering education at university levels is
dominant. Corresponding systemic engineering education at the K-12 level has yet to
be established. With the aim of determining the status of K-12 engineering education,
this study investigates the impacts of students’ participation in engineering practice on
their attitudes toward engineering. Survey responses from a sample of 2,193 students
from junior secondary schools in Shanghai, China, are used. Sample selection bias is
mitigated using propensity score methods based on weight hierarchy. The findings
indicate the status of student participation in engineering practice and reveal the
significant effect of the level of student participation in engineering practice on
students’ attitudes toward engineering at junior secondary schools in China.

Keywords: engineering practice, attitudes toward engineering, propensity score
method

INTRODUCTION

With the initiatives of science, technology, engineering and mathematics (STEM) education, both the value for
engineering education worldwide and the demand for engineering talent (following economic and social
advancements) have increased (Brophy et al., 2008; Chabalengula & Mumba, 2017; Maeng et al., 2017; Puente et al.,
2011). The most serious challenge encountered in many countries is developing new approaches to engineering
education at the K-12 level that encourage students to consider and pursue engineering careers (Brophy et al., 2008;
Kutnick et al., 2018; Silver & Rushton, 2008; Wiebe, Unfried, & Faber, 2018). Various efforts have been made to
integrate and improve engineering education in science, such as the publication of education documents (e.g., A
Framework for K-12 Science Education and Next Generation Science Standards [NGSS] in the US, the China Primary
Science Curriculum Standard and The National Curriculum in England) that emphasise the integration of engineering
into K-12 education (China Ministry of Education, 2017; NGSS, 2013; NRC, 2012; UK Department of Education,
2013). Engineering and technology should be integrated into the structure of science education at the same level as
scientific inquiry (NGSS, 2013). As such, new global science education reforms have fostered a connection between
engineering and science education to better prepare students and society to meet the current and future challenges
of a modern and technological world (Bybee, 2011; Chabalengula & Mumba, 2017; Guzey & Ring-Whalen, 2018;
Strimel & Grubbs, 2016).

Following science education reforms in other nations and the prosperity of STEM education, China has
designed its own initiatives and plans for promoting engineering education at the K-12 level. For example,
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Contribution of this paper to the literature

e A series of literature review has been conducted to discuss the current challenges and status of engineering
education in and out of China. The literature review was the initial efforts on exposing the current status of
engineering education in science curriculum.

e Few studies on students’ participation in engineering practices have been conducted by the use of
propensity score analysis. The research findings exposed the relationship of students” participation in
engineering practices and their attitudes toward engineering in micro levels, with addressing three
dimensions of students’ participation.

e  The findings will inform the science curriculum design and development, the engineering design in science
curriculum, as well as STEM teacher education.

‘technology and engineering’ has been introduced as one of the four key learning areas (i.e., materials, life, earth
and universe) in the Primary Science Curriculum Standard (MOE, 2017). This has led to the suggestion that
integrating engineering with science education can improve students” understanding of scientific knowledge and
mastery of engineering skills and enhance their STEM-related knowledge and problem solving skills (Brophy,
Klein, Portsmore, & Rogers, 2008; Gunstone, 1994; Tang & Wang, 2014). This marks the official position of
engineering in science curricula, with aims to improve students’ science learning and develop their interests in and
career orientation towards engineering in China (Gao, 2017). Consistent with the promotion of STEM education,
research projects, research centres, school-based curricula and professional teacher development efforts
emphasising engineering have also been developed (Gao, 2013; Liu, 2017; MOE, 2012; National Institute of
Education Sciences, 2017; Wu, 2015; Xie, Zhang, & Lai, 2014).

Many studies have indicated that the attitude students develop towards engineering at the K-12 level is the key
factor in their pursuit of engineering-related and STEM majors or careers (Apedoe et al., 2008; LaForce, Noble, &
Blackwell, 2017; Perrin, 2004). Many publications have stressed the primary goal for engineering education at the
K-12 level as the enhancement of students’ understanding of engineering and interest in engineering and
engineering-related occupations (American Society for Engineering Education [ASEE], 1987; Capobianco et al.,
2013; Committee on Standards for K-12 Engineering Education, 2010; NAE, 2005; NGSS, 2013; NRC, 2009). An
awareness of the attitudes toward engineering developed in K-12 education would provide the foundation and
conditions for higher-level engineering education (Tseng et al., 2013; Unfried et al., 2015). However, studies have
revealed that K-12 students’ interest in engineering is fading in many countries and that too few students pursue
engineering majors in college (Budassi & Rafailovich, 2018; Cerinsek et al., 2013; Franz-Odendaal et al., 2016). This
leads to the development of engineering talents barely meets societal needs (Felder & Brent, 2005, Wang, Ye, &
Degol, 2017). Similarly, engineering education starts late and mostly focuses on tertiary education in China. First,
little coverage of engineering in K-12 education exists. Second, most engineering practice is interwoven in science
curricula or some co-curricular activities at the primary level. Third, gaps are present in the engineering education
between primary and secondary levels. Thus, students receive little exposure to systemic engineering education
and learning experiences. To a large extent, this negatively affects their pursuit of engineering-related majors and
careers and the development of engineers in society (Hayden et al., 2011; Kutnick et al., 2017; UNESCO, 2010). A
review of the literature also shows that the majority of studies has focused on exploring students’ attitudes toward
engineering and STEM subjects (de Vries, 2016; Unlu, 2016). However, few studies have explored the factors
underlying students” attitudes towards engineering by investigating their participation in engineering practice at
the secondary level in Shanghai, China.

To address these issues, this study investigates the relationship between students’ participation in engineering
practice and their attitudes toward engineering. The propensity score method is used, as it can effectively mitigate
bias and improve relevant variables. The findings reveal how Shanghai has implemented engineering practice in
K-12 education and the impacts of this implementation on students” attitudes toward engineering.

LITERATURE REVIEW

K-12 Engineering Education

The demand for engineering talents has increased with the rapid developments in science and technology and
with the continuous progression of human civilisation. The advancement of engineering education is expected to
facilitate social and economic improvement and engineering innovation. Furthermore, the number of countries and
territories paying more attention to education in the engineering or related fields has increased in recent years,
resulting in a variety of engineering education systems with distinct features. This is especially true at the K-12
education level.
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Since the publishing of Science, Technology and Society: Science Education for the 1980s by the National Science
Teachers Association (NSTA, 1982) and Science for All - Project 2061 by the American Association for the
Advancement of Science (AAAS, 1985), the concept of K-12 engineering education, first proposed by the ASEE, has
gradually become recognised worldwide. Related documents, including Engineering in K-12 Education:
Understanding the Status and Improving the Prospects, were also published in the following years (Katehi et al., 2009).
This further developed engineering education independently of math and science. The contents and methods of
teaching and the mode of engineering education development at the primary and secondary school levels have
been designed and implemented in alignment with those at the higher education level. Altogether, several million
K-12 students have received formal engineering education and tens of thousands of teachers have attended
professional development sessions to learn how to teach engineering-related coursework (Katehi et al., 2009). In
the UK, the Netherlands, Singapore and Japan, engineering education has been integrated into the K-12 education
system through the establishment of science and design and science and technology curricula (Abdulwahed, 2017;
OECD, 2013). In Germany and Australia, a multilevel and diverse engineering talent development system has been
formed as a result of systematic initiatives and plans for engineering education at the K-12 level (NAE, 2010). This
has laid the foundation for engineering talent development and reservation at the higher education level.

K-12 Engineering Education in China

In China, the latest Primary Science Curriculum Standards (2017) include “technology and engineering” and
suggest that ‘every child is a born engineer’. The integration of science and engineering education is expected to
improve students’ understanding of science and help them master engineering practice skills. Moreover,
implementing science and engineering-integrated practice activities may enhance students” hands-on capabilities,
nurture their creativity and improve their problem-solving skills (MOE, 2017). This is the first time that the role of
engineering practice is being highlighted in science education in China.

Although the most extensive in scale, engineering education in China mainly focuses on higher education (Dong
& Liu, 2017; Xu, 2008). Because of the overall absence of engineering education at the K-12 level, students possess
little relevant knowledge and encounter many problems in understanding and pursuing this discipline. This has a
direct negative impact on the development of engineering education in higher education and the cultivation of
engineering talents (Kutnick et al., 2017). Nevertheless, confronted with inadequate experience and the pressure of
‘lessening the academic burden’ on primary and secondary school students, establishing an independent
engineering subject in the K-12 education system remains difficult. According to the White Paper of STEM
Education in China (National Institute of Education Sciences, 2017), the country’s K-12 STEM education is
fragmented, with no complete, systematic plans for schools. Some engineering activities have been integrated into
the science curricula, extra-curricular activities and STEM activities in primary schools (Zhang, 2018). However, no
uniform secondary school curriculum corresponds to and continues the STEM education elements (ie.,
engineering) practised in primary schools based on the nature of the curriculum modes. Interestingly, almost half
of schools purchase their STEM-related curricula from education research organisations or companies (GETChina
Insights, 2017).

Engineering Practice in Science Education

Researchers have provided different definitions of engineering practice. Before analysing the concept of
engineering practice, the definition of engineering must be discussed. According to the Accreditation Board for
Engineering and Technology (ABET), engineering is the profession in which knowledge of the mathematical and
natural sciences gained by study, experience and practice is applied with judgment to develop ways to
economically utilise the materials and forces of nature for the benefit of mankind. According to Rogers (1983),
engineering refers to the practice of organising the design and construction of any artefacts that transform the
physical world to meet some recognised need. In A Framework for K-12 Science Education, engineering is defined as
‘any engagement in a systematic practice of design to achieve solutions to particular human problems” (NRC, 2012,
p. 11). Engineers use their understanding of mathematics and science to find solutions to ill-structured problems
(Dankenbring, Capobianco, & Eichinger, 2016). Following this line of thought, engineering practice is the process
of producing artefacts that meet social needs based on scientific and mathematical knowledge and technical
approaches (Moore et al., 2015; Sheppard et al., 2006). Engineering practice is at the core of engineering education,
as it enables students to experience engineering work, to better understand the relations between engineering and
science and to further their understanding by solving real problems (NRC, 2012). Eight forms of science and
engineering practice have been identified: 1) asking questions (science) and defining problems (engineering); 2)
developing and using models; 3) planning and conducting investigations; 4) analysing and interpreting data; 5)
using mathematics and computational thinking; 6) constructing explanations (science) and designing solutions
(engineering); 7) engaging in arguments based on evidence; and 8) obtaining, evaluating and communicating
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information. This framework is a good representative for integrating science and engineering in cohesive ways
(NGSS, 2013).

With the spread of STEM education and the deepening of research into science and engineering practices, the
modes of engineering integration into science have been modified. For example, Nam, Lee and Paik (2016)
proposed a theoretical framework for meaningful engineering integration into K-12 science classrooms. Their
framework consists of three components: 1) defining the problem and conducting background research about heat
and heat transfer; 2) planning and implementing an initial prototype design; and 3) testing and evaluating the
design. Following this curriculum, the students in their study developed positive attitudes toward science and
demonstrated improved engineering practice. Peterman et al. (2017) developed a rubric to evaluate engineering-
infused science lessons. The evaluation helped expose the strengths and weakness of the lessons for teachers in
STEM education. In recent years in China, the amount of research on classroom instruction models of engineering-
integrated science has increased. Using case studies of instruction models, strategies and approaches, researchers
have identified patterns of engineering-integrated science instruction (Feng, 2016; Tang, 2014; Zhan, 2011).
However, most studies of science engineering-integrated instruction models have mainly been carried out at the
theoretical level. Few empirical studies on the effectiveness of different models of science engineering integration
have been conducted.

Relevant Studies on Students” Attitudes toward Engineering

The science and engineering talent pool has decreased in recent years (Falco & Summers, 2019; Smith & White,
2019). Researchers and policymakers have elucidated that students” interest in STEM may be the most important
factor in their choice of STEM-related careers (Becker, 2010; Hazari et al., 2018). Meanwhile, many studies have
indicated that students’ attitudes toward engineering cultivated at the K-12 level play a key role in their pursuit of
engineering-related majors and careers. Tseng et al. (2013) indicated that students with positive attitudes toward
engineering learning believe that engineering benefits society. Students” attitudes toward engineering directly
affect their career choices. Smail (1993) highlighted the significance of interest in and passion for learning in K-12
education. He argued that without a strong passion for engineering learning at the K-12 level, students cannot
develop positive attitudes toward engineering at the intermediate and higher education levels.

Specifically, Seymour and Hewitt (1997) identified students” deteriorating attitudes toward science as the major
cause of their deteriorating attitudes toward engineering. Another cause results from the distraction of other
subjects. Besterfield-Sacre et al. (2001) suggested that students” attitudes toward engineering are related to their
gender and background of ethics. Capobianco, Yu and French (2015) explored the impact of engineering design-
based science learning on students’ understanding of engineering as a profession. They found that such
understanding plays a decisive role in forming an orientation towards engineering-related careers. Karatas et al.
(2010) found that sixth graders in the US have little or patchy understanding of engineering. However, other studies
have revealed that students regard engineering as an interesting and useful subject. Hilpert (2008) discovered that
students who enjoy the learning of science and math believe that these two subjects are the basis for studying and
understanding engineering. These students demonstrated positive attitudes toward studying engineering because
they believe that engineering benefits society and want to pursue engineering-related careers. Further research has
also shown the positive role that extra-curricular science projects play in significantly improving students’ attitudes
toward engineering (Gerber, Olson, & Komarek, 2012).

Few studies have explored the impacts of student participation in engineering practice on their attitudes toward
engineering. This study aims to uncover the causal effects of junior secondary school students” participation in
engineering practice on their attitudes toward engineering using survey data from junior secondary school students
in Shanghai, China.

PURPOSES AND RESEARCH QUESTIONS

Quantitative research was conducted to explore the impacts of students’ participation in engineering practice
on their attitudes towards engineering. The findings were used to answer the following research questions:

1) What is the status of students’ participation in engineering practice in junior secondary schools?
2) What are the impacts of students’ participation in engineering practice on their attitudes toward
engineering?
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METHODOLOGY

Participants

In this study, 2,785 junior secondary 1 (Grade 7, age 12-13) and secondary 2 (Grade 8, age 13-14) students were
randomly selected from six inner-city schools (i.e., in Xuhui District and Pudong New District) and four suburban
schools (i.e., in Minhang District and Qingpu District) in Shanghai, China. Of these schools, 30% were private and
70% were public. The students participated in the study on a voluntary basis. They filled out a survey during their
science classes at the end of the 2017/2018 school year. A total of 2,193 survey responses were obtained from 1, 215
junior secondary 1 students and 978 junior secondary 2 students. Of them, 1,383 were from public schools and 810
were from private schools. Furthermore, 1,933 were from inner-city schools and 260 were from suburban schools.

Research Design and Instruments

Propensity score analysis

Proposed by Rosenbaum and Rubin in the 1980s, propensity score analysis is a popular statistical method of
processing data for causal inference. However, it often accomplishes the opposite of its intended goal, increasing
imbalance, inefficiency, model dependence and bias (King & Nielsen, 2018; Rosenbaum & Rubin, 1983). It has been
used in various fields (i.e., medicine, economy and education). This method can help contain confounding bias by
combining several confounding variables into one propensity score and by balancing the propensity score of the
compared groups to proportionate the distribution of confounding variables (Brookhart et al., 2013). Therefore, the
propensity score method was adopted to effectively control confounding bias in sampling. As such, the interference
from confounding variables was mostly avoided, allowing for better interpretation of the causal relationship
between the students” engineering practice participation and their attitudes toward engineering.

The propensity score method has three stages: 1) propensity scoring, 2) matching and 3) analysis after matching.
The explanatory, explained and confounding variables must be set according to the given research needs. The
logistic (or probit) regression model must also be established. The matching method is decided at the last stage,
after the prediction of the propensity score and causal relationships are examined. In this study, the explanatory
variable, students’ participation in engineering practice, was a sequential variable. Therefore, a sequential logistic
regression model was used to predict the propensity score and stratified weighting, a more scientific method, was
used in the sample matching stage.

Variables and measures

Three variable types were investigated: 1) the explanatory variable (i.e., the students’ participation in
engineering practice); 2) the explained variable (i.e., the students” attitudes toward engineering); and 3) the
confounding variables (i.e., the students” demographics, social economic status, family information, school features
and performance).

Explanatory variable. The frequency of participation in engineering activity (i.e., the number of engineering
activities in which they participated in one semester) and the completeness of engineering activity (i.e., the
engineering process of activities) were adopted as the indicators of students’ participation level in engineering
practice (Fredericks et al., 2004). Based on prior studies, the following engineering processes were adopted in
designing the survey questions and identifying the engineering processes the students experienced: 1) questions
were posed based on prior studies’ real situations; 2) solutions were designed; 3) models and prototypes were
constructed; and 4) products were optimised and improved (Ken, Kirby, & Bober, 2016; NGSS, 2013; NRC, 2012;
Sheppard et al., 2006).

Currently, in China, engineering practice at the K-12 level is mainly integrated with science learning. As such,
three expert junior secondary science teachers and two university science educators were consulted to identify
criteria for the participation levels of engineering practice along with consideration of the engineering process.
Specifically, Level 1 indicates no participation; Level 2 indicates inactive participation (i.e., fewer than 5 times per
semester); Level 3 indicates moderate participation (i.e., 5 times or more per semester, but an incomplete
engineering process); and Level 4 indicates active participation (i.e., 5 times or more per semester, but a complete
engineering process (Bazid & Umar, 2014). Table 1 provides details of the participation levels of engineering
practice.
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Table 1. Participation levels of engineering practice

Level Frequency (Times/Semester) Engineering Process
Level 1 0 —

Level 2 (Inactive ) <5 —

Level 3 (Moderate ) >=5 (N) Incomplete
Level 4 (Active) >=5 (Y) Complete

Note: "Y" indicates complete engineering practice and “N” indicates incomplete engineering practice

Table 2. Survey questions for participation level of engineering practices

Questions Corresponding values of Answers
17.1 Design or create products to satisfy certain needs (e.g. design and create a water Never — 1
filter) 1-4 times —2

5-10 times —3

17.2 Would like to use limited time, money and resources to design and create products .
> 10 times — 4

18.1 Propose engineering design problems based on some problems or acquired
knowledge (e.g. propose the problem that how to turn polluted water into drinkable

water) Never — 1

18.2 Propose solutions to the problem (e.g. using principles of water purification to design 1 - 4 times — 2
water filter) 5-10 times —3
18.3 Develop products to solve problems (e.g. develop a simple water filter) 10 times — 4

18.4 Point out why some products fail to function properly and think about how to
improve them (e.g. how to improve the water filter so it can work better)

Two survey questions were designed to measure the student participation levels in engineering practice. Q17
questioned the frequency of participating in engineering practice and Q18 questioned whether students go through
the complete engineering process. Q17 comprised two items. If a value of 1 was provided for both items, the
student’s participation frequency was coded as ‘0 times per semester’. If values of 1 and 2, 2 and 1 or 2 and 2 were
provided, the student’s participation frequency was coded as ‘<5 times per semester’. In other situations, the
student’s participation frequency was coded as ‘25 times per semester’. Q18 comprised four items. If a value of 1
was provided for all four items, then the student’s engineering process was coded as ‘incomplete’. In other
situations, it was coded as ‘complete’. Table 2 provides details of survey questions.

Explained variable. In social psychology research, an attitude is defined as ‘a psychological tendency that is
expressed by evaluating a particular entity with some degree of favor and disfavor” (Bohner & Dickel, 2011; Eagly
& Chaiken, 1993). The cognitive, affective and behavioural responses of attitude have been well acknowledged
(Bohner & Dickel, 2011; Eagly & Chaiken, 1993; Rajeck, 1990; Reid, 2006). Adopting these conceptions, the students’
attitudes toward engineering was investigated from the following dimensions: 1) cognition of engineering (i.e.,
thoughts, beliefs and ideas about engineering; 2) emotion towards engineering (i.e., feelings or emotions that
engineering evokes); and 3) behavioural tendency towards engineering (i.e., tendency or disposition to act in certain
ways towards engineering).

The engineering attitude survey included 21 questions. The design of the questionnaire was based on the three
dimensions mentioned above. Six sub-dimensions were identified under cognition: 1) understanding of the nature
of engineering (Q1, 2); 2) understanding of engineering education (Q7, 11); 3) understanding of the social value of
engineering and engineering education (Q4, 8); 4) understanding of the educative value of engineering and
engineering education (Q3, 10); 5) understanding of engineering practice processes (Q5, 15); and 6) understanding
of engineering-related careers (Q12, 19). Four sub-dimensions were identified under emotion: 1) like engineering
practice (Q6); 2) like engineering products (Q9, 16); 3) like engineering education (or engineering activities) (Q14,
18); and 4) feel satisfied and a sense of achievement after engineering practice (Q13, 17). The dimension of
behavioural tendency was defined as one’s orientation towards engineering-related careers (Q20, 21). The survey
questions were designed based on previous research on attitudes toward engineering and revised from Gibbons et
al. (2004), Guzey et al. (2014) and Unfried et al. (2015).

To evaluate validation, three experienced science teachers (with more than 3 years of teaching experiences) from
junior secondary schools, two science educators from university and two researchers reviewed and discussed each
item. To measure the students’ attitudes toward engineering, a 5-point Likert scale was used. The scale ranged from
‘strongly disagree’ (with a value of 1) to ‘strongly agree’” (with a value of 5). The Cronbach’s alpha was calculated
to determine the internal consistency of all of the items (21 questions) with an acceptable reliability a-coefficient of
0.702 (George & Mallery, 2003). The students’ total scores on the survey indicated their attitudes toward
engineering and their scores on each major/sub-dimension indicated their status on each specific dimension.
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(d). The distruction of Level 2 partiction

Confounding variables. The key to propensity score analysis is to select the right confounding variables. In this
study, confounding variables are the factors that confound the association between participation levels and
attitudes toward engineering. They include the students’ demographic information, social economic status,
attitudinal characteristics and cognitive characteristics and the school characteristics (Jiang & McComas, 2015). The
following were identified as covariates based on relevant studies: students” gender, schools, birthplace, parent
education, family social economic status, family support of engineering activities and participation in outside
engineering activities, STEM at school, teacher profiles, teaching resources and school culture (Fan & Nowell, 2011).

RESULTS AND DISCUSSION

Status of Student Participation in Engineering Practice

Multinomial logistic regression was conducted at each participation level to estimate the probabilities.
Accounting for confounding variables, each student had a certain probability of being assigned to one of the four
levels of participation. This probability indicated the student’s propensity score. The data indicated a good fitness
for the logistic regression results (p=0.000, pseudo R2=0.1325). The results of the Receiver Operating Characteristic
(ROC) test indicated that the selected confounding variables clearly explained the propensity score of the students’
participation in engineering practice. Figure 1 represents the common support bounds from Level 1 (a) to Level 4
(d). The upper and lower bounds are illustrated using red vertical lines. For example, Figure 1 shows the
distribution of Level 1 participation (upper graph) and the distribution of Level 2, 3 and 4 participation (lower
graphs) with similar demographic backgrounds to Level 1 participation. The vertical axis refers to the percentage
of students’ participation level and the horizontal axis refers to the propensity score for attitude. Thus, the students
whose propensity scores were outside of the common support region were not included. In these four figures, the
distribution of the students” propensity scores in the common support region was also revealed and the sample for
each level of engineering practice participation after matching was formed. This helped finalise the total number of
students for analysis (n=2,138).
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Table 3. Number of students at each participation level

Original Sample (N=2193) Analytic Sample (N=2138)
Level No. of students Percentage/% No. of students Percentage/%
Level 1 588 26.81 588 27.50
Level 2 1251 57.05 1229 57.48
Level 3 68 3.01 67 3.13
Level 4 286 13.04 254 11.88

Table 4. MMW-S and number of students for each strata by participation level

s Level 1 Level 2 Level 3 Level 4
tratum N MMW-S N MMW-S N MMW-S N MMW-S
1 21 5.69 180 139 4 3.40 6 9.54
2 59 196 231 110 8 170 22 2.60
3 103 114 260 0.94 20 0.75 36 158
4 170 0.69 293 0.87 18 0.75 63 0.90
5 235 0.49 287 0.85 18 0.67 159 035
Total 588 1251 68 286

Table 5. Propensity score difference analysis results before and after weighting

Level of engineering practice Before weighting After weighting
participation (propensity score) F p F p
Level 1 173.84 <0.01 109.41 <0.01
Level 2 85.16 <0.01 7134 0.0039
Level 3 0.69 0.4065 1.94 0.1634
Level 4 124.77 <0.01 82.33 <0.01

Based on the propensity score obtained, each student was further matched to the four participation levels of
engineering practice. Surprisingly, as Table 3 shows, the percentage of students at Level 2 (i.e., participated less
than 5 times per semester) was quite high, constituting 57.05% of the total number of students (n=1,251). The
percentage of Level 3 students (i.e., participated 5 times or more per semester with an incomplete engineering
process) was very low, constituting only 3.01% of the total number of students (n=68). Finally, the percentage of
Level 1 (i.e., no participation) and 4 (i.e., participated more than 5 times per semester with a complete engineering
process) students was 26.81% (n=588) and 13.04% (n=286) of the total number of students, respectively. After
matching, the data for 55 students, who were mostly at Levels 2 and 4, were discarded and not included in the
following analysis. The data of the Level 1 and 3 students were in good shape. No further adjustment was made.
The final data set consisted of 27.05% Level 1 students, 57.48% Level 2 students, 3.13% Level 3 students and 11.88%
Level 4 students. Thus, almost half of the students were at Level 2 participation in engineering practice, with a
participation frequency of less than 5 times per semester without a complete engineering process. A considerable
percentage of the students did not participate in engineering practice throughout the semester. A small number of
students reached Level 4, meaning that they had participated in engineering practice more than 5 times with a
complete engineering process.

At each level, the students were further divided into five equal strata based on the estimated propensity score.
Table 4 displays the number of students in each stratum and the corresponding marginal mean weighting through
the stratification (MMW-S) weight of students in that stratum. This served as the basis for sample bias balancing
and further analysis of the causal relationship between the students’ participation in engineering practice and their
attitudes toward engineering.

Matching Test of Balance

The difference between the propensity score before and after weighting was analysed to ensure that the four
sample groups tested were balanced. The analysis of variance (ANOVA) revealed a decrease in the F score after
weighting, indicating a good balance between inter-group variances (Table 5). The increase in the F score at Level
3 did not match well, as the Level 3 data were already in good shape before weighting.

Causal Relationship Analysis after Weighting

An ANOVA was conducted to explore the effect of the students’ participation in engineering practice on their
attitudes toward engineering under each attitude dimension of cognition, emotion and behavioural tendency. The

8/17



EURASIA | Math Sci and Tech Ed

Table 6. The impact of students' participation in engineering practice on their attitudes toward engineering

Variable Level 1 Level 2 Level 3 Level 4
M SD M SD M SD M SD F R?
Attitudes toward engineering
Before weighting 75.15 0.47 80.74 0.28 78.85 1.13 86.27 0.46 85.16 0.10
After weighting 76.03 0.69 80.53 0.29 78.11 1.63 85.02 0.75 26.72 0.07
Attitudes toward engineering (cognition)
Before weighting 44.76 0.21 45.80 0.13 45.94 0.51 47.09 0.19 23.21 0.02
After weighting 45.42 0.30 45.70 0.13 45.78 0.64 46.25 0.36 1.07 0.00
Attitudes toward engineering (emotion)
Before weighting 25.15 0.27 28.71 0.15 27.74 0.64 31.81 0.25 1.1 0.12
After weighting 2545 0.41 28.62 0.15 27.22 0.97 31.51 0.36 41.46 0.12
Attitudes toward engineering (behavior tendency)

Before weighting 5.24 0.10 6.24 0.72 5.18 0.32 7.37 0.15 50.60 0.06
After weighting 5.16 0.16 6.21 0.07 5.11 0.39 7.25 0.22 24.18 0.06
p* > 0.01

8

% -

"U""_ <

2 J

1 2 3 4

Participation Level

Figure 2. Students’ participation in engineering practice and their attitudes toward engineering

results showed that the students’ participation levels had a significant impact on their attitudes toward engineering
at each dimension (p*<0.01; Table 6).

In general, the higher the participation level was, the better the students” attitudes were. Although the students’
attitudes worsened at Level 3, they remained better than those at Level 1 (Figure 2). Figure 3 shows the causal
relationship between the students’ participation in engineering practice. Their attitudes toward engineering in each
dimension demonstrated a moderate positive relationship. The higher the participation level, the better the
attitudes in the cognition dimension. Furthermore, the improvement was gradual (Figure 3a). However, the impact
of the students’ participation was stronger in the emotion and behavioural tendency dimensions of attitude (Figure
3b and 3c, respectively). The Level 1 students scored the lowest score in the emotion dimension of attitude. The
students at Levels 2 and 3 scored higher in comparison, but the Level 3 students demonstrated a decrease in score.
A similar pattern was observed for the behavioural tendency dimension of attitude. The only difference was that
the Level 1 students already obtained comparative high scores in the behavioural tendency dimension of attitude.
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Figure 3. (a). Participation & Attitude (Cognition) (b). Participation& Attitude (Emotion) (c). Participation& Attitude (Behavior)

The interference from confounding variables was mostly avoided via the use of propensity score analysis.
Furthermore, the causal relationship between the students’ participation in engineering practice and their attitudes
toward engineering was identified. Generally, the higher the students’ participation level was, the better their
attitudes toward engineering were in all three attitude dimensions. Higher levels of participation indicated an
increased frequency of participation and more opportunities to experience the engineering process.

Based on our definition, the Level 2 students experienced a low frequency of engineering practice participation
(<5 times per semester) and the Level 3 students had a comparative higher frequency of participation (25 times per
semester), but an incomplete engineering process. For the Level 4 students, the participation frequency was high
(=5 times per semester) and the engineering process was complete. However, the impact of participation in
engineering practice on attitudes toward engineering were complex. It did not strictly follow the pattern that the
higher the participation level, the better the attitude. In this study, the Level 3 students’ attitudes toward
engineering worsened. The differences between the Level 2 and 3 students remained in the frequency of
engineering practice and between the Level 3 and 4 students in practice completeness. The propensity score analysis
showed that the Level 3 students’ attitudes were worse than those of the students at Levels 2 and 4. This showed
that the frequency of participation had less influence on students’ attitudes toward engineering than the
completeness of the engineering process in which they participated. Compared to low participation frequency,
long-term participation in incomplete engineering practice more negatively affected students’ attitudes toward
engineering. This reflected the decisive role of students” participation in complete engineering practice and its role
in improving students’ attitudes.

In incomplete engineering practice, students had limited opportunities to experience the engineering process
and did not develop a comprehensive understanding of engineering practices. This may result in negative emotions
toward engineering and low interest in engineering-related careers.

CONCLUSIONS

In this study, how junior secondary school students” participation in engineering practice affects their attitudes
toward engineering was investigated using survey data and propensity score analysis. A considerable proportion
(approximately 85%) of students demonstrated low levels of engineering practice participation (i.e., Levels 1 and
2). A few students (approximately 3%) experienced more engineering activities, but with incomplete engineering
process. A small number of students (approximately 12%) experienced a complete engineering process with
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comparative more exposure per semester. Overall, the students’ participation in engineering practice was not high.
This helps answer the first research question addressing the status of students’ participation in engineering practice
in junior secondary schools. The analysis results after matching and weighting affirmed the significant impact of
students’ participation in engineering practice on their attitudes toward engineering. This helps answer the second
research question addressing the impacts of students’ participation in engineering practice on their attitudes
towards engineering. Generally, the students’ attitudes toward engineering improved as participation level
increased. Similar findings have been made in relevant studies. For example, Nam, Lee and Paik (2016) found that
participation in an engineering-integrated science curriculum for a long period is a critical factor for influencing
students” attitudes toward science and creating a positive image of engineering. Back (2015) found that sustained
participation in regular physical activities have a positive impact on lifestyle, attitude and academic performance.
Therefore, increasing the frequency of students’ participation in the classroom is one important factor. Another
important factor is that it is especially important for future engineers to be exposed to science clubs and
competitions, local industry, talks, site visits and work experience (Woolnough, 1994).

However, higher student participation is not necessarily associated with better attitudes toward engineering.
This unexpected result was found in the relationship between Level 3 participation and attitude scores. The Level
3 students had lower attitude scores in the emotion and behavioural tendency dimensions. Specifically, the Level 3
students experienced an incomplete engineering process. This reminds us that it is necessary for the schools and
the teachers to provide students with various opportunities of experiencing engineering process probably in the
pattern of problem solving, project based learning and inquiry based learning (Nadelson, et al., 2011) and to better
facilitate students” development of knowledge and skills in engineering process (Bailey & Szabo, 2006).

Furthermore, these students’ negative attitudes toward engineering may suggest the imbalance of coverage of
engineering design skills in the current science education and associate engineering or technology mostly with
artefacts/ products, not with the process of creation or invention (Chabalengula & Mumba, 2017). The actual design
of artefacts is highly covered in K-12 science education, with less emphasis on other design skills (e.g., identifying
problems, testing and demonstration) related to the engineering process. This may prevent students development
of skills and knowledge from being captured in the process and lead to missing opportunities to develop skills
required to solve engineering-related problems. Another positive finding was revealed by the highest attitude
scores being generated by the Level 4 students. Specifically, it suggests that frequent engineering practices with a
complete engineering process enhance students’ attitudes toward engineering and their motivations to pursue
engineering careers. Thus, engaging students in high-quality and complete engineering practice at a certain
frequency can have great potentials on improving their attitudes toward engineering.

STUDY IMPLICATIONS

Designing and implementing various forms of engineering practice both in and out of school are necessary and
significant to enrich students’ various experiences with engineering activities. Taking limited class time into
consideration, the significance of out-of-school engineering practice to providing students with access to high-
quality engineering practice is self-evident and a good supplement for engineering learning (Kotys-Schwartz et al.,
2011). To design and implement diverse out-of-school or extra-curricular forms of engineering practice, it is
necessary to engage extensive resources from society and to coordinate with both in-school and out-of-school
stakeholders (i.e., family; Cardella et al., 2013). Schools can collaborate with museums, science parks and research
institutes to plan and execute engineering practice opportunities, seminars or exhibits of various forms, thus
enabling students to experience engineering during out-of-school visits and interact with different communities
(Bell, 2009; Burrows et al., 2018). Schools can also partner with factories and enterprises to provide students with
engineering practice opportunities.

Meanwhile, with limited opportunities to experience difference engineering processes, many of the students
regarded engineers as “plasterers and brickies’. Similar research has suggested that secondary students have limited
understanding of engineering and engineering education (Montfort, Brown, & Whritenour, 2013). With such little
understanding of engineering and engineering-related careers, students can hardly develop interest in engineering
and preference towards engineering careers. Hence, implementing different kinds of vocational education activities
in secondary schools is proposed. For example, schools can organise talks by engineers, who can introduce students
to their daily jobs. This would help students develop a correct understanding of the engineering process and of
engineering-related careers, thus encouraging students to pursue them. Schools can also collaborate with factories
and enterprises to provide students with access to engineers and their workplaces. Immersing students in authentic
engineering contexts and providing face-to-face interaction with real engineers may help them experience the
authentic engineering process, deepen their understanding of engineering and develop their interest in engineering
and related careers. Involving students in authentic engineering practice, particularly authentic modelling,
facilitates their learning of models and modelling and improves their ability to apply knowledge to relevant issues
in the context of real life (Prins et al., 2008).
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A multiple case study project showed that a key problem in engineering teacher professional development is
the lack of a well-defined conceptual base for K-12 engineering. This may be closely related to inactive participation
in engineering practice. The development of meaningful learning, teaching and assessment is problematic in the
absence of a clear understanding of the conceptual base of the subject matter - in this case, K-12 engineering
(Bransford, Brown, & Cocking, 2000; Custer, Daugherty, & Meyer, 2010). Currently, few clear policies and directives
for engineering education at K-12 level in China exist. K-12 engineering education is sporadically discussed in
policy documents for other subjects. Therefore, the systemic design and integration of engineering into science
education is also rare. Teachers have few relevant training opportunities and schools lack the appropriate facilities
for engineering education. Together this leads to the below-standard and incomplete educative engineering
practice. In fact, engineering practice is far from real engineering education. To address these problems,
policymakers should issue national level documents to guide the development of engineering education at the K-
12 level in a systemic fashion. Measures should be taken to provide teachers with proper training and to design
appropriate instruction environments in which students can engage in engineering practice. The importance of
engineering practice should be highlighted, educative forms of engineering practice should be standardised and
the effectiveness of engineering education should be guaranteed. Engineering education should not only be
discussed at the theoretical level using concepts and ideas, but also implemented in reality. Both the appropriate
quantity and quality of engineering practice should be pursued.

With the backdrop of extensive international promotion of STEM education, educators in China should
appreciate the significance of engineering in STEM education and the decisive role it can play in improving
students” attitudes toward engineering and in developing engineering talents for the future (Brophy et al., 2008;
Carr, Bennett IV, & Strobel, 2012). Therefore, educational institutions at different levels should value engineering
education and promote it via top-down approaches. This can help the cultivation of talents for the future
development of the nation.

STUDY LIMITATIONS

Study limitations could not be avoided. The following limitations may affect our results and the accuracy of the
data obtained on the effects of students” participation in engineering practice on their attitudes toward engineering.
Specifically, the lack of examination of the content of engineering activities and of the impacts of the students’
demographic characteristics, the scope of engineering integration subjects and the lack of observing teaching
practices may have hidden other factors affecting students’ attitudes toward engineering. Therefore, future research
may explore the factors of curriculum design and implementation that affect students” attitudes toward engineering
to obtain more causal data.
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