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Purpose: Numerous cross-sectional studies have explored the correlation between study engagement and critical thinking, but the 
relationship between the development of these two key variables over time is unclear and the causal relationship between them remains 
controversial. In this study, we examined the developmental trajectories of and the interplay between study engagement and critical thinking.
Methods: We used a questionnaire method to follow 654 first-year students in Chinese higher vocational college over a period of 
one year and three times, of which 231 (35.321%) were male and 423 (64.679%) were female, with an average age of 18.11 years. 
Descriptive statistics were used to present general characteristics of the study participants, and latent growth model was used to 
explore the developmental trajectories of study engagement and critical thinking, and to explore the interplay between study 
engagement and critical thinking from a developmental perspective. Based on this, a cross-lagged model was used to verify the 
causal relationship between study engagement and critical thinking.
Results: During the first year of higher vocational college in China, students’ levels of study engagement and critical thinking 
declined continuously. The initial level and development of study engagement can positively influence the initial level and develop-
ment of critical thinking, respectively, while the initial level and development of critical thinking can in turn positively influence the 
initial level and development of study engagement, respectively. Study engagement and critical thinking can predict each other.
Conclusion: The above results help researchers and educators to develop study engagement and critical thinking in higher vocational 
college students from a developmental perspective. The development of either aspect of study engagement and critical thinking can 
contribute to the joint improvement of both.
Keywords: study engagement, critical thinking, higher vocational college students, latent growth model, cross-lagged model, 
longitudinal study

Introduction
Critical thinking is one of the necessary skills for the 21st century,1 which has become a globally recognized goal for higher 
education.2 Driven by rapid advances in science and technology and economic globalization, now more than ever before, 
college graduates are expected to have critical thinking skills to cope with the changing and complex work environment and 
higher job requirements of the 21st century.3,4 Critical thinking plays an important part in individual’s logical thinking, 
representing both an individual’s ability to make rational decisions and perform self-examination, and a purposeful higher- 
order rational thinking process.5 Numerous studies have found that critical thinking is not only effective in enhancing 
individuals’ problem-solving skills,6 metacognition,7 facilitating the learning process,8 and preparing them for future 
careers.9 Meanwhile, critical thinking helps students to make informed decisions in their daily lives, gain success in this ever- 
changing world,10 and achieve higher earnings.11 In view of the positive effects of critical thinking on individual development, 
researchers have sought to explore and identify the factors that can influence an individual’s level of critical thinking. Among 
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the many influencing factors, there is a significantly positive correlation between an individual’s study engagement in the 
learning process and critical thinking; the more students are engaged in the learning process, the higher level of critical 
thinking they are likely to have.12

Although there is a correlation between study engagement and critical thinking, our understanding of the relationship 
between these two factors remains deficient. To begin with, the developmental trajectories of study engagement and critical 
thinking, and the interactions between the two deserve empirical research. Although study engagement and critical thinking 
are stable characteristics that students possess, some studies have found that study engagement and critical thinking would 
change with age.13,14 This suggests that these two factors may interact with each other over time. Second, because of the lack 
of longitudinal studies on study engagement and critical thinking, we do not have a clear understanding of the causal 
relationship between the two. Existing cross-sectional studies on this topic suggest that findings on the predicted direction 
between study engagement and critical thinking are inconsistent.12,15–17 It remains unclear whether study engagement is an 
antecedent or consequence of critical thinking.

Currently, college students’ study engagement as an important evaluation criterion of higher education quality18 and 
critical thinking as an important goal of higher education2 have attracted widespread attention in higher education institutions 
worldwide. But unfortunately, current research on study engagement and critical thinking has focused on more university 
students in general higher education and less on students in higher vocational education. In China, students in higher 
vocational education account for more than half of all students in higher education. The same is true in the United States, 
where students in higher vocational education make up the majority of community college enrollment.19 In the past, vocational 
education focused on specific trades and was considered to be a simple form of manual labor.20 People often associate 
vocational education with the activities of lower social classes, creating a form of discrimination against vocational 
education.21 As the labor market becomes more specialized, the process of economic globalization in the 21st century 
requires more skilled professionals to acquire more challenging academic and technical skills, which requires students in 
higher vocational education to be more engaged in learning and to think more critically. These suggest that more research 
focus should be placed on students in higher vocational education.

This study aims to fill these gaps through three sets of longitudinal data collected from Chinese higher vocational college 
students. A latent growth model was used to explore the developmental trajectories of study engagement and critical 
thinking, and to explore the interaction between study engagement and critical thinking from a developmental perspective. 
Based on this, in order to further determine the causal relationship between study engagement and critical thinking, we used 
a cross-lagged model. The findings of these two longitudinal studies provide a theoretical basis for the enhancement of 
study engagement and critical thinking in the developmental process of higher vocational college students.

The Developmental Relations Between Study Engagement and Critical Thinking Over 
Time
The concept of critical thinking can be traced back 2500 years to Socrates’ “matrimonial art”, which emphasized the 
importance of analysis using evidence, questioning, etc. There are many definitions of critical thinking, and one widely 
cited definition is Norris and Ennis’ formulation that critical thinking is reasoned, reflective thinking, which aims to determine 
our beliefs and actions.22 Educators around the world attach great importance to the critical thinking of college graduates.23 

National policymakers and accreditation bodies also recognize the importance of developing critical thinking skills, as 
reflected in the increased emphasis on critical thinking development as a learning outcome and its inclusion in several 
educational standards and accreditation criteria around the world.24 In addition, companies when hiring college graduates 
generally expect them to have stronger critical thinking skills. In a 2018 survey of corporate employers conducted by the 
Association of American Colleges and Universities, 84% of corporate executives and 78% of personnel hiring managers 
identified critical thinking skills as one of the most important learning outcomes for college graduates.25 The positive role of 
education in enhancing and promoting students’ critical thinking development is well recognized.8 Educators and psychol-
ogists view critical thinking as a competency that can be acquired through training and learning,26,27 so institutions of higher 
education are expected to help college students develop their critical thinking abilities by promoting the learning of college 
students.28,29 Thus, study engagement, an important variable in measuring the quality of learning of university students,30 is 
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closely related to the development of critical thinking.12,15–17,31 Study engagement refers primarily to the time and effort 
students invest in activities inside and outside the classroom, which mainly consists of three main areas: behavioral 
engagement, cognitive engagement and affective engagement.32,33 Behavioral engagement means positive behaviors that 
are invested in academic and social activities; cognitive engagement refers to students’ investment and effort in strategies, 
motivations, and expectations related to engaging in deeply self-directed learning; affective engagement reflects joy, 
enthusiasm, interest, attachment, belonging, and reactions to and relationships with others.34

College students are still in the adolescent stage of their developmental process, their study engagement and critical 
thinking are not static, but are subject to some developmental changes.14,27 Previous research has shown that there are 
certain trajectories in study engagement and critical thinking. First of all, in the trajectories of study engagement, students 
at different ages in different cultures show different developmental trajectories, but most studies have found that student 
engagement tends to decline with age in adolescence. For example, a study in a Canadian sample of students by 
Archambault et al showed that the majority of 14–16-year-old students had declining trajectories of study engagement 
over time.35 Data from a study in New Zealand found that students between the ages of 10 and 16 had different 
trajectories in their study engagement level, but the overall level showed a downward trajectory.14 In a study with 
a sample of Chinese undergraduate students, considerable grade differences in learning engagement were found, as 
evidenced by the fact that freshmen students were significantly more engaged in learning than sophomores and juniors.36 

Besides, others have found that Chinese college students’ learning investment was low in sophomore year.37 Therefore, 
we conducted a longitudinal study of Chinese senior students to provide more evidence to accurately describe the 
developmental trajectory of Chinese higher vocational college students’ study engagement.

As for the developmental trajectories of students’ critical thinking, although the existing research results are not 
uniform in different cultural backgrounds, in general, it has been observed that students’ critical thinking is on the rise 
during their college years. In the United States, overall, the critical thinking tendency of college students during their 
school years increases step by step with grade level.38–40 However, one study of students at a public research university 
in the United States also found that students did not add substantial value to their critical thinking skills in the first two 
years of college, and instead showed a decrease in the value-added effect by the third year, with students showing 
significant value-added in critical thinking after the fourth to fifth years.41 In other countries, for example, a study that 
tracked German medical undergraduates for five years found that students’ scores on critical thinking decreased 
from year one to year five, although there was no significant difference in their overall scores.42 In China, it has been 
found that, on average, undergraduate students’ critical thinking skills improve during higher education.43 However, by 
grade level, it is characterized by a high starting point of critical thinking performance among Chinese undergraduate 
students,44 a low point during the sophomore year,45 and growth starts to resume in the junior and senior years.

In summary, previous research has described the developmental trajectory of study engagement or critical thinking 
skills separately, and there are also studies that support the existence of a significant positive relationship between study 
engagement and critical thinking from a static perspective.12,15–17 However, the research to date has not dealt with the 
relationship between the two variables over time, lacking a dynamic temporal developmental perspective to investigate 
the relationship between study engagement and critical thinking. Therefore, it is necessary to systematically investigate 
the effect of the initial level of the independent variable on the initial level and developmental rate of the dependent 
variable using a longitudinal tracking approach, as well as the role of the developmental trajectories of the independent 
variable on the dependent variable. Therefore, this study used a latent variable growth model to explore the dynamic 
developmental patterns of study engagement and critical thinking as well as the mechanisms of influence.

The Causal Relations Between Study Engagement and Critical Thinking
Although existing research has found a correlation between study engagement and critical thinking, the causal relation-
ship between the two is unclear. The first view suggests that study engagement positively predicts critical thinking.12 The 
study engagement theory proposed by Astin has suggested that the quality and quantity of students’ engagement in 
a variety of academic and social activities in the institutional setting during the learning process are proportional to the 
outcome of personal development.46 As a higher-order cognitive ability, critical thinking skills are the result of learning 
and training, as a mental habit and psychological strength.47 Students’ critical thinking development is based on learning 
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cognitive processes,48,49 and the level of engagement in learning affects critical thinking as a learning outcome. Studies 
have also found a statistically significant relationship between the development of critical thinking and students’ 
engagement in learning, research, and extracurricular activities, with higher levels of engagement corresponding to 
greater critical thinking skills.12 The second view suggests that critical thinking positively predicts study 
engagement.15,16 According to the drive theory of behavior, drives motivate or drive individual behavior to satisfy 
needs and eliminate tension. Individuals with high levels of critical thinking tendencies also have high levels of curiosity 
and the desire to learn, and the cognitive drive created by both positively influences college students’ study engagement 
levels. It has been found that critical thinking is a key antecedent variable influencing students’ learning process.16 

Critical thinking disposition not only directly and significantly predicts study engagement, but also influences study 
engagement through mastery approach goal orientation and academic self-efficacy forming a chain of mediators.15 The 
third view suggests that study engagement and critical thinking predict each other.17,31 In the presage-process-product 3P 
model of learning proposed by Biggs, the interaction between the presage, process and outcome variables has formed 
a dynamic system.50,51 Study engagement as learning processes has formed the learning outcomes of critical thinking.47 

The two may interact dynamically. Study engagement influences learning outcomes, which in turn influence learning 
perceptions and study engagement.11,52 As mentioned earlier, cognitive deep processing is a cognitive level of study 
engagement.34 Findings have also shown that critical thinking interacts with students’ mastery achievement goals, self- 
efficacy and cognitive deep processing.17,31 Meanwhile, study engagement and critical thinking influence each other.

Previous studies have been conducted mainly based on cross-sectional data, and it is difficult to effectively determine the 
causal relationship between study engagement and critical thinking. Therefore, in order to further explore the relationship 
between study engagement and critical thinking, this study used a cross-lagged model to examine the causal relationship 
between them.

The Present Study
There is a lack of current research on the developmental trajectories of study engagement and critical thinking and the possible 
dynamic influence relationship between them, and a lack of longitudinal data used to demonstrate the causal relationship 
between study engagement and critical thinking. Therefore, this study focuses on two core research questions: (a) What are the 
developmental trajectories of learning engagement and critical thinking over time? How do the two influence each other? (b) 
What is the causal direction of the relationship between study engagement and critical thinking over time? Based on these two 
research questions, this study first explained the developmental trajectories of study engagement and critical thinking of 
Chinese higher vocational college students and the dynamic mechanisms of their mutual influence using a latent variable 
growth model. Then, a cross-lagged approach was adopted to reveal the causal relationship between study engagement and 
critical thinking. This study can help to theoretically explain the changes and effects of study engagement and critical thinking 
of Chinese higher vocational college students over time and to identify the causal relationships between them. In addition, this 
study offers some important insights into the way of enhancing higher vocational college students’ study engagement and 
critical thinking from a practical perspective.

Methods
Participants and Procedure
A simple random sampling method was utilised to select 739 first-year students (mean age = 18.21 years, SD = 1.19 
years) from a higher vocational institution in Shandong Province, China as valid subjects, including 477 female students 
(64.55%) and 262 male students (35.45%). All participants completed the questionnaire after the enrollment of the 
first year (Time1), after the first semester of the first year (Time2), and after the second semester of the first year (Time3). 
In the second data collection, 689 valid questionnaires were returned and collated (attrition rate = 6.766%, due to some 
students dropping out, transferring and incorrectly filling out information that could not be identified). A t-test of the first 
data from the second attrition and retention subjects revealed no significant difference between attrition and tracking 
subjects in terms of study engagement and critical thinking (t = −1.773, p > 0.05; t = −1.211, p > 0.05). In the third data 
collection, 654 valid questionnaires were returned and collated (attrition rate = 5.352%, for the same reasons mentioned 
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above). A t-test of the first data for the third attrition and retention subjects revealed no significant differences between 
attrition and tracking subjects in study engagement and critical thinking (t = −1.677, p > 0.05; t = −0.821, p > 0.05). This 
indicates that the subject attrition in this study was unstructured and the effect of attrition data on the study results was 
very minimal. The final sample with all three completed questionnaires was the final valid sample, with a sample size of 
654, an average age of 18.11 ± 1.18 years, 35.321% male and 64.679% female, 61.162 are of rural or township origin, 
16.208% for counties and 22.630% from urban areas, 41.131 were class leaders or student union leaders.

This study followed the principles of the Research Ethics Committee and was approved by the principal of the 
participating school. Participants were informed of the purpose of the study, the nature of voluntary participation, and 
how to withdraw from the survey. Informed consent was obtained for all participants prior to their participation in the 
study. After each survey, all participants received a small gift as compensation.

Measures
Self-report assessments were used to collect the data. All items for study engagement and critical thinking were measured on 
a 7-point Likert scale, ranging from 1 = absolutely disagree to 7 = absolutely agree. All the negatively worded questions were 
reverse coded. Participants also reported their demographic information at the three waves of data collection.

Study Engagement Measures
The Study Engagement Scale for College Students developed by Wang was used to measure the study engagement of 
higher vocational college students.53 The scale was divided into five dimensions: active learning, teacher-student 
interaction, peer interaction, deep cognitive strategies, and enthusiasm for learning, with 22 questions Appendix. For 
instance, “I will review what the teacher has taught in class in time”, “I am willing to work with my classmates to 
complete the homework assigned by the teacher” and “I would like to raise questions about what I have learned” et al. 
All the questions in this scale were positive. The sum of all the scores was calculated. The higher the score, the higher the 
degree of learning engagement of the students. In this study, the Cronbach’s alpha coefficients for questionnaires were 
0.847 at Time 1, 0.889 at Time 2 and 0.901 at Time 3, which conformed to the critical value that Cronbach’s alpha 
coefficients of scale measurement should be above 0.55 in social science research put forward by Ziegel et al.54

Critical Thinking Measures
The Critical Thinking Ability Scale developed by Peng et al was applied to measure the critical thinking abilities of higher 
education students.55 The scale was divided into 7 dimensions, including truth-seeking, open-mindedness, analytical ability, 
systematization ability, self-confidence in critical thinking, intellectual curiosity and cognitive maturity, with a total of 70 
questions Appendix. For example, “When faced with a controversial topic, it is extremely difficult for me to choose between 
different opinions”, “It is important for me to know what others think about things”, “I get anxious when others only use 
shallow arguments to defend good ideas” and “I always analyze the point of the question before I answer it.” Some of the 
questions were reverse questions, and the scores were calculated by reversing the scores of these questions and then summing 
them with other positive questions. The higher the final score obtained, the better the student’s critical thinking skills. In this 
study, the Cronbach’s alpha coefficients for questionnaires were 0.971 at Time1, 0.965 at Time2 and 0.962 at Time3.

Data Analysis
First, this study mainly employed SPSS 26.0 and Mplus 8.3 for data processing. The descriptive statistics of the variables 
and their correlation coefficients were tested to examine the stability of study engagement and critical thinking among 
higher vocational college students and the correlation between them at different time points.

Second, to explore the relations among the initial level of study engagement, developmental trajectories of study 
engagement, the initial level of critical thinking, and the developmental trajectories of critical thinking, we constructed 
a latent growth model with parallel processes that examined relations among the intercepts of study engagement and 
critical thinking as well as the slope of study engagement and critical thinking.56 The advantage of latent growth model is 
that it provides richer information by allowing the use of multi-wave data and takes into account systematic individual 
differences in change.57 Furthermore, the relations between different domains (eg, study engagement and critical 
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thinking) can be computed using the latent growth model. Thus, using latent growth model analysis enabled accurate 
determination of the trajectory for each individual and examination of the relations between study engagement and 
critical thinking over the time. According to Muthén and Muthén, the latent growth model with parallel processes follows 
two steps: (a) estimate a growth model for each process separately, (b) conduct joint analysis of both processes.56 The 
proposed models for the research procedures are presented in Figures 1–3. In these models, the paths from intercept 
factors to observed variables were constrained to 1, which means that the intercept values remained constant across three 
measurement times for each individual.57 Additionally, the paths from slope factors to the observed variables were 
constrained to 0, 1, and 2, indicating that the second factor can be interpreted as a slope.57

Third, we constructed a cross-lagged model of study engagement and critical thinking to further examine the causal 
relationship between the two. For the cross-lagged model, we not only tested whether the hypothesis models can act as 
a good fit for our data but also evaluated nested models (M1–M3). As shown in Figure 4, Model 1 supposed significant auto- 
regressive relationships between study engagement and critical thinking as well as reciprocal relationships (the baseline 
model). However, Models 2 and 3 assumed a single-lagged relationship between study engagement and critical thinking. 
Model 2 supposed that critical thinking at Time 1 and Time2 influences study engagement across time (freely estimated), 
and the path coefficient from study engagement to critical thinking was fixed to zero. Model 3 assumed that study 
engagement at Time 1 and Time 2 influences critical thinking across time (freely estimated); the path coefficient from 
critical thinking to study engagement was fixed to zero. Model 4 was a cross-lagged model containing all paths of models 1, 
2 and 3. Model 4 was compared with Models 1, 2 and 3 to determine the model that best fits the data.

We used Mplus to conduct the analyses of model fit. All parameters were estimated using the full information 
maximum likelihood method. In addition, according to Hu and Bentler (1999), the fit indices and acceptable thresholds 
for model evaluation are χ2, df, CFI > 0.900, TLI > 0.900, RMSEA < 0.080, and SRMR < 0.08, respectively, but χ2 has 
not been used to evaluate the fit of model because it was too sensitive to sample size.58

S

T1

1 11 01 2

I

T2 T3

Figure 1 LGM with unconditional variables of study engagement or critical thinking. 
Abbreviations: LGM, latent growth model; I, intercept; S, slope; T1, T2, T3, Time 1, Time 2, Time 3.
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Figure 2 LGM of study engagement and critical thinking. 
Note: *** p<0.001. 
Abbreviations: LGM, latent growth model; I SE, intercept of study engagement; S SE, slope of study engagement; I CT, intercept of critical thinking; S CT, slope of critical 
thinking; T1, T2, T3, Time 1, Time 2, Time 3.
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Results
Common Method Deviation
The data used in this study was collected using the students’ self-report method, which might have some common method 
bias issues. Based on the suggestion of Podsakoff et al, the Harman one-way test was used to test for common method 
bias for each of the three measurements.59 The results showed that the amount of variance explained by the first factor 
was 30.41%, 31.45%, and 25.06% respectively in the order of the three tests, all of which were less than the critical 
criterion of 40%, which indicated that there was no significant common method bias in the data of this study.

Descriptive Statistics and Correlation Analysis
The means, standard deviations, and correlation coefficient matrices of study engagement and critical thinking of higher 
vocational college students for the three measurements were shown in Table 1. The results found that study engagement 
and critical thinking were significantly and positively correlated from T1 to T3 (rs = 0.202–0.439, ps < 0.01); study 
engagement was pairwise correlation at each time point (rs = 0.298–0.481, ps < 0.01), and critical thinking was also 
pairwise correlation (rs = 0.306–0.452, ps < 0.01). This suggested that the simultaneous correlations and stability of study 
engagement and critical thinking among higher vocational students were generally consistent and suitable for latent 
growth model and cross-lagged model analysis.
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Figure 3 LGM of critical thinking and study engagement. 
Note: *** p<0.001. 
Abbreviations: LGM, latent growth model; I CT, intercept of critical thinking; S CT, slope of critical thinking; I SE, intercept of study engagement; S SE, slope of study 
engagement; T1, T2, T3, Time 1, Time 2, Time 3.
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Figure 4 Nested models of the relationship between study engagement and critical thinking. 
Abbreviations: SE, study engagement; CT, critical thinking; T1, T2, T3, Time 1, Time 2, Time 3.
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Developmental Trajectories of Study Engagement and Critical Thinking
Unconditional Latent Growth Model for Study Engagement
A linear unconditional latent growth model as shown in Figure 1 was constructed for higher vocational college students’ 
study engagement to examine the trajectories of study engagement during their first year of college. The fit indices of 
study engagement (χ2/df = 2.420, CFI = 0.995, TLI = 0.985, RMSEA = 0.047, SRMR = 0.014) showed that the 
unconditional model fitted the data well. In the linear unconditional latent variable growth model for study engagement, 
the intercept of the model, ie, the initial level of study engagement was 4.540 (SE = 0.037, p < 0.001), which was 
significantly greater than 0. The slope of the model, ie, the trajectories of study engagement decreased linearly over the 
three measurement periods(Slope = −0.011, SE = 0.021, p < 0.001).

In addition, the variance estimates for the intercept factor (σ2 = 0.522, SE = 0.064, p < 0.001) and the slope factor (σ2 

= 0.089, SE = 0.028, p < 0.001) were both significant at the 0.001 level, indicating that there were significant inter- 
individual differences in the initial level and the rate of decline in study engagement over time. Finally, there was 
a significant correlation between the intercept growth factor and the slope growth factor (r = −0.642, p < 0.001), making 
clear that the higher the initial level of study engagement, the faster the level of study engagement declined over the three 
measurement periods (see Table 2).

Unconditional Latent Growth Model for Critical Thinking
To examine the trajectory of changes in the development of critical thinking among higher vocational college students 
during their first year of college, this study similarly constructed a linear unconditional latent growth model as shown in 
Figure 1. The fit indices for critical thinking (χ2/df = 3.024, CFI = 0.993, TLI = 0.978, RMSEA = 0.056, SRMR = 0.014) 
showed that the unconditional model fitted the data well. In the linear unconditional latent growth model for critical 
thinking, the intercept of the model, ie, the initial level of critical thinking, was 4.279 (SE = 0.015, p < 0.001), which was 
significantly greater than 0. The slope of the model, ie, the trajectories of critical thinking, decreased linearly over the 3 
measurements (Slope = −0.056, SE = 0.009, p < 0.001). In addition, the variance estimates for the intercept factor (σ2= 
0.100, SE= 0.011, p<0.001) and the slope factor (σ2 = 0.016, SE = 0.005, p < 0.05) were significant at the 0.05 level, 
indicating significant inter-individual differences in the initial level of critical thinking and the rate of decline in critical 
thinking over time. Finally, there was a significant correlation between the intercept growth factor and the slope growth 
factor (r = −0.734, p < 0.001), showing that the higher the initial level of critical thinking, the faster the students’ level of 
critical thinking decreased during the three measurements (see Table 2).

Table 2 Coefficient and Fit Indices of Unconditional Latent Growth Model of SE and CT

Model Fit Indices Coefficients Variance

χ2/df CFI TFI SRMR RMSEA Intercept Slope Intercept Slope

SE 2.420 0.995 0.985 0.014 0.047 4.540*** −0.011*** 0.522*** 0.089***

CT 3.024 0.993 0.978 0.014 0.056 4.279*** −0.056*** 0.100*** 0.016*

Note: *p<0.05;***p<0.001. 
Abbreviations: CT, critical thinking; SE, study engagement; T1, T2, T3, Time 1, Time 2, Time 3.

Table 1 Means, Standard Deviations, and Correlations Among Main Measures

Variable M(SD) 1 2 3 4 5 6

1.T1 CT 4.284(0.399) 1.000
2.T2 CT 4.207(0.366) 0.481** 1.000

3.T3 CT 4.174(0.340) 0.298** 0.352** 1.000

4.T1 SE 4.559(0.992) 0.343** 0.274** 0.202** 1.000
5.T2 SE 4.399(0.857) 0.314** 0.370** 0.242** 0.452** 1.000

6.T3 SE 4.332(0.808) 0.238** 0.274** 0.439** 0.306** 0.413** 1.000

Note: ** p<0.01.
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Latent Growth Model with Parallel Processes of Study Engagement and Critical 
Thinking
To examine the influence processes between study engagement and critical thinking among higher vocational college 
students, this study constructed a latent growth model with parallel processes to investigate the potential growth of study 
engagement and critical thinking simultaneously. First, we used the intercept and slope in the study engagement model to 
predict a linear decline in critical thinking. The model fitted well with χ2 (7) = 3.594, CFI = 0.978, TLI = 0.952, RMSEA 
= 0.063, SRMR = 0.023, which was suitable for the next step of analysis. In the latent growth model with parallel 
processes of study engagement and critical thinking, the regression results were shown in Figure 2. The slope of study 
engagement positively predicted the slope of critical thinking, β = 0.668, SE = 0.070, p < 0.001, showing that the faster 
the level of study engagement declined over time, the faster the level of critical thinking of the students declined. 
Moreover, the intercept of study engagement positively predicted the intercept of critical thinking, β = 0.777, SE = 0.209, 
p < 0.001, suggesting that the higher the initial level of study engagement of the students, the higher their initial level of 
critical thinking. In addition, the correlation coefficient between the intercept growth factor of study engagement and the 
slope growth factor was −0.626 (p< 0.001), showing that there was a negative correlation between the initial level of 
study engagement and the rate of development, and that the higher the initial level of study engagement, the faster it 
declined. The correlation coefficient between the intercept growth factor and the slope growth factor for critical thinking 
was −0.941 (p < 0.001), making clear that there was a negative correlation between the initial level of critical thinking 
and the rate of development, and that the higher the initial level of critical thinking, the faster it decreased.

Then, to further test the causal relationship between study engagement and critical thinking and whether there is 
an interaction between the two, this study adjusted the order of the independent and dependent variables to develop 
a latent growth model with the parallel processes of critical thinking and study engagement, using the slope and 
intercept of critical thinking to predict a linear decline in study engagement. The model fitted well with χ2 (7) = 
3.594, CFI = 0.978, TLI = 0.952, RMSEA = 0.063, SRMR = 0.023, which was suitable for the next step of analysis. 
In the latent growth model with parallel processes of critical thinking and study engagement, the regression results 
were shown in Figure 3. The slope of critical thinking positively predicted the slope of study engagement, β = 0.660, 
SE = 0.098, p < 0.001, suggesting that the faster the level of critical thinking decreased over time, the faster the level 
of students’ study engagement decreased. Meanwhile, the intercept of critical thinking positively predicted the 
intercept of study engagement, β = 0.719, SE = 0.291, p < 0.001, indicating that the higher the initial level of 
critical thinking of students, the higher their initial level of study engagement. In addition, the correlation coefficient 
between the intercept growth factor of study engagement and the slope growth factor was −0.910 (p < 0.001), 
showing that there was a negative correlation between the initial level of study engagement and the rate of 
development, and that the higher the initial level of study engagement, the faster it declined.The correlation 
coefficient between the intercept growth factor and the slope growth factor for critical thinking was −0.721 (p < 
0.001), making clear that there was a negative correlation between the initial level of critical thinking and the rate of 
development, and that the higher the initial level of critical thinking, the faster it decreased.

Cross-Lagged Model Analysis
After the initial finding of a bidirectional causal relationship between study engagement and critical thinking in the latent 
growth model with parallel processes of study engagement and critical thinking, in order to further test to prove the 
causal relationship between study engagement and critical thinking, this study conducted a cross-lagged analysis of study 
engagement and critical thinking measured in 3 waves, as suggested by Martens and Haase.60 Before conducting the 
cross-lagged analysis of the relationship between the variables, as shown in Figure 4, the fit indices of the four models 
were first examined for comparison. Table 3 showed the fit indices of the four models of the current study and the results 
of the cardinal differences between each competing model (M1, M2 and M3) and the full model (M4). From the table, 
the fit indices of M4 were all better than M1, M2 and M3, and the chi-square differences between M4 and M1 (Δχ2 = 
66.285, Δdf = 4, p < 0.001), M4 and M2 (Δχ2 = 22.459, Δdf = 2, p < 0.001), and M4 and M3 (Δχ2 = 37.291, Δdf = 2, p < 
0.001) were all significant. The above results suggested that M4 was the best model.
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Discussion
Our study found that Chinese higher vocational college students’ study engagement declined continuously during their 
first year of university, which was consistent with the research conducted by Zhang & Wang who found a decline in 
Chinese college students’ study engagement from freshman year and a low lying phenomenon at the sophomore stage.37 

This may be due to the fact that in China, where the national unified college entrance examination exerts too much 
pressure on high school students, the study engagement of students who have just entered the college has continued the 
high engagement status obtained during their high school years. However, university studies are less stressful than high 
school studies and the environment is more relaxed. Moreover, as students become familiar with the university after 
enrollment, their life circle will be gradually extended, and their energy will be naturally distributed to other activities 
other than studies. This can lead to a constant distraction of students’ energy from their studies and a decrease in their 
commitment.The current results also indicate that the initial level of study engagement and the rate of decline are 
negatively correlated, suggesting that students with higher initial levels of study engagement had a faster rate of decline 
during their first year of college; conversely, students with lower initial levels of study engagement had a slower rate of 
decline during their first year of college. This may be a stress-release effect: students with high levels of study 
engagement under pressure in high school may be more likely to relax and devote their energy to other areas when 
they enter the relaxed environment of university, resulting in a greater rate of decline in study engagement.

Our study discovered that Chinese higher vocational college students’ critical thinking declined continuously during 
their first year of college. This was consistent with previous research findings with a sample of Chinese college students, 
who started at a high level of critical thinking performance,52 but were on a downward trajectory after entering college 
and were at a low point during their sophomore year.45 The current results also showed that the initial level of critical 
thinking and the rate of decline are negatively correlated, suggesting that students with higher initial levels of critical 
thinking had a faster rate of decline in their level of study engagement during their first year of college; conversely, 
students with lower initial levels of critical thinking had a slower rate of decline in their level of study engagement during 
their first year of college. The reason for this may be that most of the teaching objectives adopted in higher vocational 
institutions are aimed at developing proficiency in vocational skills instead of fostering or encouraging students’ critical 
thinking. In addition, during the first year of college, many courses are basic in nature and the content of which is mainly 
about indoctrination and may not stimulate students’ curiosity or analytical thinking. Courses that stimulate analytical 
thinking and critical analysis are more often set to occur in the second or third year.

Our results suggested that the initial level of study engagement positively predicted the initial level of critical 
thinking, and the initial level of critical thinking in turn positively predicted the initial level of study engagement. That is, 
individuals with higher levels of study engagement have higher levels of critical thinking, and individuals with higher 
levels of critical thinking have higher levels of study engagement. This may be related to the nature of learning and the 
mechanism of action of critical thinking. Modern cognitive psychology tells us that learning and training is a constructive 
process,61 not a receptive process, and that understanding comes from the interaction of experience and environment. 
Moreover, learners build new understanding and reflection on the basis of prior knowledge, forming critical thinking, 
which means that learning is mainly constructed and understood by the learner, and that the input of the individual 
learner plays an important role in influencing the formation of critical thinking. Additionally, critical thinking disposi-
tions as stable ways of thinking about learning determine the level or hierarchy of independent thinking, reasoning, and 

Table 3 The Goodness-of-Fit Statistics for the Nested Models

model χ2 df CFI TLI SRMR RMSEA Model Comparisons Δχ2 Δdf p

M1 88.746 8 0.889 0.805 0.124 0.124 M4 vs.M1 66.285 4 <0.001
M2 44.920 6 0.946 0.875 0.069 0.100 M4 vs.M2 22.459 2 <0.001

M3 59.752 6 0.926 0.827 0.094 0.117 M4 vs.M3 37.291 2 <0.001

M4 22.461 4 0.975 0.911 0.037 0.084
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decision making, which enable students to assess and analyze learning materials in the classroom with comprehension 
and analytical thinking and promote students’ engagement in study.62,63

Furthermore, our study showed that the slope of study engagement positively predicted the slope of critical thinking, and 
the slope of critical thinking positively predicted the slope of study engagement. That is, the faster the rate of decline in study 
engagement, the faster the rate of decline in critical thinking, and similarly, the faster the rate of decline in critical thinking, the 
faster the rate of decline in study engagement. This was consistent with previous research findings: there is a significant 
bidirectional effect between critical thinking and the deep learning approach,31 which is a cognitive level of study 
engagement.34 In other words, there is a significant bidirectional effect between critical thinking and study engagement. 
The reason for this may be related to self-efficacy, which is an influencing factor of the deep learning approach.64,65 These 
studies suggested that critical thinking can act as a self-regulator and motivate individuals to perform, ie, critical thinking skills 
can help to enhance students’ self-efficacy and contribute to an increasing preference for deep learning over time. As the level 
of deep learning increases rapidly, it becomes easier to develop critical thinking as a learning outcome. Thus, there is 
a reciprocal positive effect of the rate of change in study engagement and the rate of change in critical thinking.

Finally, the current study further confirmed the causal relationship between study engagement and critical thinking through 
cross-lagged regression analysis. The results indicated that study engagement positively predicted critical thinking, and critical 
thinking positively predicted study engagement, and there was a reciprocal relationship between the two. The present results 
do not imply a rejection of the first and second previous views, but rather an integration of these two views and support the 
third view that good study engagement fosters critical thinking and that students with good critical thinking will in turn 
increase study engagement. Conversely, lower study engagement is not conducive to the formation of critical thinking, which 
will further reduce study engagement and form a vicious circle. This provides a clear direction for the learning and 
development of higher vocational college students. Cultivating either aspect of study engagement and critical thinking can 
help to break the vicious circle relationship between study engagement and critical thinking. For example, higher vocational 
education should strive to create positive learning environments to improve students’ learning experiences and increase their 
study engagement; invest resources in activities that significantly improve learning and increase support for all aspects of 
student learning (eg social activities, foreign language, competition, lectures, social practice support). The curriculum should 
focus on motivating students to devote time and energy to learning-related activities and to improve their critical thinking by 
increasing their study engagement. Teachers should also pay more attention to the quality of classroom instruction and strive to 
improve the organizational design of instruction, such as explaining instructional objectives and requirements more clearly, 
encouraging discussion, communication, and reflection, which can foster students’ critical thinking and also enhance students’ 
study engagement.

Limitations and Future Directions
Though this study has provided important findings, there are some limitations. First, the sample in this study was drawn 
from only one Chinese higher vocational institution. Although the sample size was large, the sample might be under-
represented. Future studies should enrich the heterogeneity of the sample and expand the scope of application of the 
findings. Second, the longitudinal follow-up time of the sample in this study was insufficient. Most of the higher 
vocational institutions in China have 3 years of study, but this study only tracked 1 year of data, and the results can only 
present 1 year of development. In the future, we should continue to track the data to completely study the developmental 
trajectories and interplay between study engagement and critical thinking throughout the entire attendance cycle of 
Chinese higher vocational college students. Third, the data collected in this study was heavily dependent on student self- 
reported data, which was only an indirect indicators of college student learning. Therefore, appropriate caution should be 
exercised in interpreting these results. Additional data sources, such as student interviews, faculty reports, paper-and- 
pencil assessments, and observations, should be added to future studies to supplement the self-reported data. Finally, 
further research is required to explore other variables that influence study engagement and critical thinking trajectories 
(eg nature of activities, tasks or requirements in courses, etc.) in order to provide a clearer perspective on the study of 
learning engagement and critical thinking.
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Conclusions
This study used a latent growth model with cross-lagged regression analysis to explore the developmental trajectories of study 
engagement and critical thinking among Chinese higher education students, as well as the longitudinal interactions between 
study engagement and critical thinking. Our findings indicate that (a) students’ study engagement and critical thinking 
declined during their first year of higher education in China. (b) The intercept and slope of study engagement can positively 
affect the intercept and slope of critical thinking respectively, and the intercept and slope of critical thinking in turn can 
positively affect the intercept and slope of study engagement respectively. (c) The cross-lagged regression analysis further 
verified that study engagement and critical thinking can positively influence each other. The results can help researchers and 
educators to develop a developmental perspective on study engagement and critical thinking in higher vocational students. 
Developing either aspect of study engagement and critical thinking can contribute to the joint improvement of both levels. 
Higher vocational college should try hard to create a positive learning environment to improve students’ learning experience 
and increase their study engagement; invest resources in activities that significantly improve learning and increase support for 
all aspects of student learning; and focus curriculum on motivating students to invest time and energy in learning-related 
activities. Teachers should also pay more attention to the quality of classroom teaching, strive to improve the organizational 
design of teaching, and encourage discussion, communication and reflection, which can develop students’ critical thinking.
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