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Conceptual Change in Science Education: 

From Cold to Hot Approaches 

Xiaoqiao Cheng 

Jiangsu Second Normal University, Nanjing 211200, Jiangsu, China 

 

“The whole of science is nothing more than a refinement of everyday thinking.” 

-Albert Einstein 

 

 

CIENCE education research finds that children may generate misunderstandings 

about certain scientific concepts based on their personal experiences prior to formal 

schooling. These misconceptions may present students with learning difficulties and bar-

riers to deep comprehension of scientific knowledge. In response to this issue, researchers 

advanced the method of conceptual change instruction to help students shift from scientif-

ically incorrect pre-instructional knowledge structures to scientifically accepted ones 

(Pacaci et al., 2024). Conceptual change has been deemed an effective approach to boost-

ing students’ science literacy by improving teaching and learning in science education 

(Duit & Treagust, 2003; Treagust & Duit, 2008). Duit contended that conceptual change 

was not about an exchange of pre-instructional conceptions for the science concepts, but 

rather conceptual learning pathways from students’ pre-instructional conceptions to the 

science concepts to be learned (Duit, 1999; Duit & Treagust, 2003). Conceptual change 

studies can be traced back to the 1970s. There have been diverse perceptions of conceptu-

al change in researchers, leading to the development of a variety of conceptual change 

strategies in science education. 

Among common conceptual change strategies are the cognitive conflict strategy, 

cognitive bridging strategy, and ontological category shift strategy. According to the cog-

nitive conflict strategy, the learner needs to recognize the conflict between their prior 

knowledge and scientific knowledge and raise queries about the former, to realize concep-

tual change (Posner et al., 1982). As per the constructivist theory, the student’s prior 

knowledge can serve as a valuable resource in their study of new knowledge; therefore, 

eliciting their dissatisfaction with prior knowledge alone is far from enough. Some studies 

suggest that providing bridges between prior and new knowledge can help students cor- 
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rect misconceptions in science learning. Pacaci et al. (2024) named this type of conceptual 

change strategy the “cognitive bridging strategy.” Other researchers borrowed terminolo-

gies from ontology to describe the process of conceptual change. As ontology holds that 

knowledge of each domain has its own structure with every concept belonging to a certain 

category, the ontological category shift strategy treats conceptual change as a process in 

which concepts shift from an ontologically wrong category to an ontologically appropriate 

one (Chi & Roscoe, 2002). 

Conceptual change strategies, including the said three types, emphasize the role 

of cognitive skills (such as logic) with disregard for affective factors like motivation and 

are, thereby, characterized as “cold conceptual change” (Kural, 2015), as opposed to “hot 

conceptual change.” Pintrich et al. (1993) first advanced the notion of hot conceptual 

change to stress that conceptual change is not only a cognitive process but also entails 

motivational, affective, and contextual components (Sinatra, 2005). Inspired by the work 

of Pintrich et al., later studies developed a variety of hot conceptual change models. For 

example, the Teaching Model for Hot Conceptual Change (TMHCC), created by Kural 

and Kocakulah (2016), uses motivational and metacognitive strategies to support concep-

tual change in student physics learning. Despite the recognition of the critical role of af-

fective factors in conceptual change among teachers and education researchers, there is a 

dearth of in-depth research into the practical outcomes of hot conceptual change models 

or strategies. 

The Effect of Hot Concept Change on Students’ Views of the Nature of Science in 

this issue focuses on the development of a fresh instructional model that combines in-

quiry-based learning (IBL) and hot conceptual change strategy, which is compared with a 

purely IBL-based model. The purpose of the study is to investigate the effects of the inte-

grative model on the conception of nature of science (NOS) in seventh graders (Savas & 

Kocakulah, 2025). Although the article addresses the use of hot conceptual change strate-

gy in the NOS course, it can provide valuable implications for the across-the-board im-

plementation of conceptual change instruction in science education. 
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Childhood Left-Behind Life Experience: 

A Painful Memory 

Shanshan Wu 

Jiangsu Second Normal University, Nanjing 211200, Jiangsu, China 

 

“We get strength and encouragement from watching children.” 

-Hayao Miyazaki 

 

 

ARENTAL love and affection play a crucial role for a child’s growth. Yet, left-

behind children, a special group in China, have to live in separation with their parents 

in childhood, deprived of parental care. The issue of left-behind children is a consequence 

of the disparities in economic development between rural and urban China and between 

western and eastern China. A large population of rural young laborers has left native plac-

es to seek better employment opportunities in developed regions. Constrained by factors 

related to China’s registered residence system (Hukou), these migrant workers can hardly 

have their families live with them in cities, and their young kids become left-behind chil-

dren in rural homeplaces (Zhang & Li, 2016). 

Left-behind children are often entrusted to their grandparents or other relatives. 

These guardians are far from ideal substitutes for their own parents. In some households, 

the elderly grandparents may even need the care from their young grandchildren. As a re-

sult, these left-behind children suffer additional life pressures while being deprived of pa-

rental care and protection. Also, parental absence leads to the dearth of home education in 

this group (Liu et al., 2016). Furthermore, rural primary and secondary school teachers 

typically have heavier work burdens than their urban counterparts due to teaching staff 

shortages and subpar operation conditions in rural schools (Zhou et al., 2005). This makes 

it almost impossible for left-behind children to receive special attention and supervision 

from their teachers, which could lower the likelihood of their being influenced by delin-

quent juveniles. The inadequacies in home and school education substantially increase the 

risks of mental problems, such as depression, anxiety, and bigotry, in this group (Zhang, 

2016). 
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It should be acknowledged that not all left-behind children have encountered the 

said challenges. With the assistance of telecommunication technologies, some of them 

manage to keep close contact with their parents, perceiving solid parental affection despite 

the distance between them. Others may benefit from their early left-behind lives, develop-

ing strong character and the ability to live independently (Liang, 2020). Still, the majority 

of them suffer more difficulties than their non-left-behind peers, and some of their diffi-

culties may lead to social problems. That is why the issue of left-behind children has pro-

voked wide attention of Chinese society. To ensure the healthy growth of these children, 

the Chinese government and numerous third-sector entities have taken action to improve 

the welfare of this group. In the meantime, many researchers have conducted in-depth 

studies of the issue of left-behind children and proposed coping strategies. Nevertheless, 

less attention has been paid to their metal and social development in adulthood. According 

to Liu and Xu’s (2020) research findings, there is a positive correlation between the early 

left-behind life and adulthood social difficulty. Lai’s (2021) study suggests that the early 

parent-child separation has negative effects on mental health in college students as former 

left-behind children. The existing literature, though limited, demonstrates the long-term 

negative impact of childhood left-behind life experience. 

Mental Health Issues in Chinese College Students as Former Left-Behind Chil-

dren: A Literature Review in this issue is a review of 40 prior studies of mental health 

states of Chinese college students who experienced separation with their migrant worker 

parents in the early years, aiming to investigate the impact of this childhood life on their 

mental well-being as adults (Chen, 2025). Despite these college students constituting only 

a small portion of adults with this left-behind life experience, the article provides a valua-

ble perspective for a comprehensive understanding of its long-term mental health conse-

quences. 

 

 

 

 

References 

Chen, X. (2025). Mental health issues in Chinese college students as former left-behind children: A litera-

ture review. Science Insights Education Frontiers, 26(1), 4261-4280. DOI: 

https://doi.org/10.15354/sief.25.re449  

Liang, F. (2020). The focuses of care and protection of rural left-behind children. Teaching and Administra-

tion, 2020(7), 24-25. Available at: 

https://kns.cnki.net/kcms2/article/abstract?v=WpTTvLMLsy12KTK6Tfl20QXaxIUgk8vEdmgvsjQR

92itWunVFVt8qYTFzDl_fwfSBwGVyyqVL3iuHFd8-Eo6sGolbYsEkpgdeMVFo-

8ynNfVKy3ZlJdCK5KC2dDxmGLZUI7m-

MHduxdKnoPklAKeIB0kGKZ34BOE2aq0qWA2yjhf3DlJpdbhOQ==&uniplatform=NZKPT&langu

age=CHS  

Liu, Z. & Xu, F. (2020). Left-behind life experience and social difficulties: An empirical study of the new-

generation migrant workers. Chinese Journal of Social Development, 7(3), 61-78+243. Available at:  

https://kns.cnki.net/kcms2/article/abstract?v=ZkvsKdWJ3ST9zZyPXwgGcUiHCA1whs19a4ZEQsB

KduytA0Qeo0B9DQffAXzoiPFwVjSYYXtfqkfhXv2Yat_Hzeg-

P7inEFxseDQSlabg684sqrup5bpoakyXBtZJbkpVV_lLuLt0fpCeRs8ry0qsesHKveXIRD0PNPMLf0

RarTTNM4mN8zodqw==&uniplatform=NZKPT&language=CHS  

Liu, Y., Wei, L., & Zhou, F. (2016). The tough existence of rural left-behind children and development 

strategies: A typical sample from Guizhou. Rural Economy, 2016(3), 117-122. Available at: 

https://kns.cnki.net/kcms2/article/abstract?v=WpTTvLMLsy39AiDLkS-gnRKaZg3K982-J-

o1GC1tlnaLe0aTdZG5-O0e39UPHthuY7ooqlAru-

8dPm3tpnY6NO6jqj5mcZT1zAhhO8K8RPME4Yh0yiOyXJpfwhwsINowvdM7dbdFprdGg1K5LNH

W8JUYC_z21sLTR4o5m1bZzlLhbGqcZOUsVQ==&uniplatform=NZKPT&language=CHS  

Lai, Y. (2021). Factors influencing the mental well-being of Chinese college students as former left-behind 

children and relevant educational recommendations. Chinese Journal of School Health, 42(10), 1590-

1595. DOI: https://doi.org/10.16835/j.cnki.1000-9817.2021.10.036  

https://doi.org/10.15354/sief.25.re449
https://kns.cnki.net/kcms2/article/abstract?v=WpTTvLMLsy12KTK6Tfl20QXaxIUgk8vEdmgvsjQR92itWunVFVt8qYTFzDl_fwfSBwGVyyqVL3iuHFd8-Eo6sGolbYsEkpgdeMVFo-8ynNfVKy3ZlJdCK5KC2dDxmGLZUI7m-MHduxdKnoPklAKeIB0kGKZ34BOE2aq0qWA2yjhf3DlJpdbhOQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=WpTTvLMLsy12KTK6Tfl20QXaxIUgk8vEdmgvsjQR92itWunVFVt8qYTFzDl_fwfSBwGVyyqVL3iuHFd8-Eo6sGolbYsEkpgdeMVFo-8ynNfVKy3ZlJdCK5KC2dDxmGLZUI7m-MHduxdKnoPklAKeIB0kGKZ34BOE2aq0qWA2yjhf3DlJpdbhOQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=WpTTvLMLsy12KTK6Tfl20QXaxIUgk8vEdmgvsjQR92itWunVFVt8qYTFzDl_fwfSBwGVyyqVL3iuHFd8-Eo6sGolbYsEkpgdeMVFo-8ynNfVKy3ZlJdCK5KC2dDxmGLZUI7m-MHduxdKnoPklAKeIB0kGKZ34BOE2aq0qWA2yjhf3DlJpdbhOQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=WpTTvLMLsy12KTK6Tfl20QXaxIUgk8vEdmgvsjQR92itWunVFVt8qYTFzDl_fwfSBwGVyyqVL3iuHFd8-Eo6sGolbYsEkpgdeMVFo-8ynNfVKy3ZlJdCK5KC2dDxmGLZUI7m-MHduxdKnoPklAKeIB0kGKZ34BOE2aq0qWA2yjhf3DlJpdbhOQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=WpTTvLMLsy12KTK6Tfl20QXaxIUgk8vEdmgvsjQR92itWunVFVt8qYTFzDl_fwfSBwGVyyqVL3iuHFd8-Eo6sGolbYsEkpgdeMVFo-8ynNfVKy3ZlJdCK5KC2dDxmGLZUI7m-MHduxdKnoPklAKeIB0kGKZ34BOE2aq0qWA2yjhf3DlJpdbhOQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=ZkvsKdWJ3ST9zZyPXwgGcUiHCA1whs19a4ZEQsBKduytA0Qeo0B9DQffAXzoiPFwVjSYYXtfqkfhXv2Yat_Hzeg-P7inEFxseDQSlabg684sqrup5bpoakyXBtZJbkpVV_lLuLt0fpCeRs8ry0qsesHKveXIRD0PNPMLf0RarTTNM4mN8zodqw==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=ZkvsKdWJ3ST9zZyPXwgGcUiHCA1whs19a4ZEQsBKduytA0Qeo0B9DQffAXzoiPFwVjSYYXtfqkfhXv2Yat_Hzeg-P7inEFxseDQSlabg684sqrup5bpoakyXBtZJbkpVV_lLuLt0fpCeRs8ry0qsesHKveXIRD0PNPMLf0RarTTNM4mN8zodqw==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=ZkvsKdWJ3ST9zZyPXwgGcUiHCA1whs19a4ZEQsBKduytA0Qeo0B9DQffAXzoiPFwVjSYYXtfqkfhXv2Yat_Hzeg-P7inEFxseDQSlabg684sqrup5bpoakyXBtZJbkpVV_lLuLt0fpCeRs8ry0qsesHKveXIRD0PNPMLf0RarTTNM4mN8zodqw==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=ZkvsKdWJ3ST9zZyPXwgGcUiHCA1whs19a4ZEQsBKduytA0Qeo0B9DQffAXzoiPFwVjSYYXtfqkfhXv2Yat_Hzeg-P7inEFxseDQSlabg684sqrup5bpoakyXBtZJbkpVV_lLuLt0fpCeRs8ry0qsesHKveXIRD0PNPMLf0RarTTNM4mN8zodqw==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=WpTTvLMLsy39AiDLkS-gnRKaZg3K982-J-o1GC1tlnaLe0aTdZG5-O0e39UPHthuY7ooqlAru-8dPm3tpnY6NO6jqj5mcZT1zAhhO8K8RPME4Yh0yiOyXJpfwhwsINowvdM7dbdFprdGg1K5LNHW8JUYC_z21sLTR4o5m1bZzlLhbGqcZOUsVQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=WpTTvLMLsy39AiDLkS-gnRKaZg3K982-J-o1GC1tlnaLe0aTdZG5-O0e39UPHthuY7ooqlAru-8dPm3tpnY6NO6jqj5mcZT1zAhhO8K8RPME4Yh0yiOyXJpfwhwsINowvdM7dbdFprdGg1K5LNHW8JUYC_z21sLTR4o5m1bZzlLhbGqcZOUsVQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=WpTTvLMLsy39AiDLkS-gnRKaZg3K982-J-o1GC1tlnaLe0aTdZG5-O0e39UPHthuY7ooqlAru-8dPm3tpnY6NO6jqj5mcZT1zAhhO8K8RPME4Yh0yiOyXJpfwhwsINowvdM7dbdFprdGg1K5LNHW8JUYC_z21sLTR4o5m1bZzlLhbGqcZOUsVQ==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=WpTTvLMLsy39AiDLkS-gnRKaZg3K982-J-o1GC1tlnaLe0aTdZG5-O0e39UPHthuY7ooqlAru-8dPm3tpnY6NO6jqj5mcZT1zAhhO8K8RPME4Yh0yiOyXJpfwhwsINowvdM7dbdFprdGg1K5LNHW8JUYC_z21sLTR4o5m1bZzlLhbGqcZOUsVQ==&uniplatform=NZKPT&language=CHS
https://doi.org/10.16835/j.cnki.1000-9817.2021.10.036


 

SIEF, Vol.26, No. 1, 2025 4205 

Zhang, B. & Li, W. (2016). The issue of left-behind children in rural China and its governance. Journal of 

Chongqing University (Social Sciences Edition), 2016(2), 200-206. Available at: 

https://kns.cnki.net/kcms2/article/abstract?v=ZkvsKdWJ3SSGPJbLPrxPgRJOKkF5ivHkojEeqrtgJZq

FcnKuD3MxsRB4v3dKr-

3Ix2_P33aitq48XPIXAc7lHolG2CIVz3qU6o8Eq3UivqBD3q7Awd3GYRHH8r1DQENaavoe9eHzH

OUCP53dmiseIcIzAroAbhMlWY9ruP8xuAvH6u5xN_URHA==&uniplatform=NZKPT&language=

CHS  

Zhang, G. (2016). A literature review on mental health of left-behind children. Journal of Shandong Normal 

University (Humanities and Social Sciences Edition), 2016(5), 119-129. DOI: 

https://doi.org/10.16456/j.cnki.1001-5973.2016.05.011  

Zhou, Z., Sun, X., Liu, Y., & Zhou, D. (2005). Mental development of rural left-behind children and rele-

vant educational issues. Journal of Beijing Normal University (Social Sciences Edition), 2005(1):71-

79. Available at: 

https://kns.cnki.net/kcms2/article/abstract?v=ZkvsKdWJ3SQAPZhsT6sDIJtubxnZ4iIeQUBzn9D4hq

kTQa7GtBPgICf7cBre9NoQWlaQdcyfXSwSXWxdTYHppqeaxAdVGmt1qnRo8foL4Lpp0mISARH

5fPgnET-

FAe8SDAhzUyBPLfUIfnpS0ocSlwSo5Yy7b2mvdybdgQFI9RfyTirCgy5mfg==&uniplatform=NZK

PT&language=CHS  

  

 

 

Correspondence to: 

Shanshan Wu 

Nanjing Dianji Psychological Education Institute 
Nanjing 210000 

Jiangsu 

China 
E-mail: 78233525@qq.com 

Conflict of Interests: None 

Doi: 10.15354/sief.25.co387 

https://kns.cnki.net/kcms2/article/abstract?v=ZkvsKdWJ3SSGPJbLPrxPgRJOKkF5ivHkojEeqrtgJZqFcnKuD3MxsRB4v3dKr-3Ix2_P33aitq48XPIXAc7lHolG2CIVz3qU6o8Eq3UivqBD3q7Awd3GYRHH8r1DQENaavoe9eHzHOUCP53dmiseIcIzAroAbhMlWY9ruP8xuAvH6u5xN_URHA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=ZkvsKdWJ3SSGPJbLPrxPgRJOKkF5ivHkojEeqrtgJZqFcnKuD3MxsRB4v3dKr-3Ix2_P33aitq48XPIXAc7lHolG2CIVz3qU6o8Eq3UivqBD3q7Awd3GYRHH8r1DQENaavoe9eHzHOUCP53dmiseIcIzAroAbhMlWY9ruP8xuAvH6u5xN_URHA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=ZkvsKdWJ3SSGPJbLPrxPgRJOKkF5ivHkojEeqrtgJZqFcnKuD3MxsRB4v3dKr-3Ix2_P33aitq48XPIXAc7lHolG2CIVz3qU6o8Eq3UivqBD3q7Awd3GYRHH8r1DQENaavoe9eHzHOUCP53dmiseIcIzAroAbhMlWY9ruP8xuAvH6u5xN_URHA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=ZkvsKdWJ3SSGPJbLPrxPgRJOKkF5ivHkojEeqrtgJZqFcnKuD3MxsRB4v3dKr-3Ix2_P33aitq48XPIXAc7lHolG2CIVz3qU6o8Eq3UivqBD3q7Awd3GYRHH8r1DQENaavoe9eHzHOUCP53dmiseIcIzAroAbhMlWY9ruP8xuAvH6u5xN_URHA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=ZkvsKdWJ3SSGPJbLPrxPgRJOKkF5ivHkojEeqrtgJZqFcnKuD3MxsRB4v3dKr-3Ix2_P33aitq48XPIXAc7lHolG2CIVz3qU6o8Eq3UivqBD3q7Awd3GYRHH8r1DQENaavoe9eHzHOUCP53dmiseIcIzAroAbhMlWY9ruP8xuAvH6u5xN_URHA==&uniplatform=NZKPT&language=CHS
https://doi.org/10.16456/j.cnki.1001-5973.2016.05.011
https://kns.cnki.net/kcms2/article/abstract?v=ZkvsKdWJ3SQAPZhsT6sDIJtubxnZ4iIeQUBzn9D4hqkTQa7GtBPgICf7cBre9NoQWlaQdcyfXSwSXWxdTYHppqeaxAdVGmt1qnRo8foL4Lpp0mISARH5fPgnET-FAe8SDAhzUyBPLfUIfnpS0ocSlwSo5Yy7b2mvdybdgQFI9RfyTirCgy5mfg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=ZkvsKdWJ3SQAPZhsT6sDIJtubxnZ4iIeQUBzn9D4hqkTQa7GtBPgICf7cBre9NoQWlaQdcyfXSwSXWxdTYHppqeaxAdVGmt1qnRo8foL4Lpp0mISARH5fPgnET-FAe8SDAhzUyBPLfUIfnpS0ocSlwSo5Yy7b2mvdybdgQFI9RfyTirCgy5mfg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=ZkvsKdWJ3SQAPZhsT6sDIJtubxnZ4iIeQUBzn9D4hqkTQa7GtBPgICf7cBre9NoQWlaQdcyfXSwSXWxdTYHppqeaxAdVGmt1qnRo8foL4Lpp0mISARH5fPgnET-FAe8SDAhzUyBPLfUIfnpS0ocSlwSo5Yy7b2mvdybdgQFI9RfyTirCgy5mfg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=ZkvsKdWJ3SQAPZhsT6sDIJtubxnZ4iIeQUBzn9D4hqkTQa7GtBPgICf7cBre9NoQWlaQdcyfXSwSXWxdTYHppqeaxAdVGmt1qnRo8foL4Lpp0mISARH5fPgnET-FAe8SDAhzUyBPLfUIfnpS0ocSlwSo5Yy7b2mvdybdgQFI9RfyTirCgy5mfg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=ZkvsKdWJ3SQAPZhsT6sDIJtubxnZ4iIeQUBzn9D4hqkTQa7GtBPgICf7cBre9NoQWlaQdcyfXSwSXWxdTYHppqeaxAdVGmt1qnRo8foL4Lpp0mISARH5fPgnET-FAe8SDAhzUyBPLfUIfnpS0ocSlwSo5Yy7b2mvdybdgQFI9RfyTirCgy5mfg==&uniplatform=NZKPT&language=CHS
mailto:78233525@qq.com




 

 

 

 

 

The Effect of Hot Conceptual Change 

on Students’ Views on the  

Nature of Science
‡ 

Emre Savas,1 Aysel Kocakulah2
 

 
1. Ministry of National Education, Daglica Elementary School, Kdz. Ereğli, 

Zonguldak, Turkey 
2. Balikesir Univerity, Turkey 

 

Abstract: This study aims to investigate the effect of the teaching 

model developed for hot conceptual change on middle school 7th-

grade students’ understanding of the Nature of Science (NOS) 

aspects. In this qualitative and exploratory study, activities were 

carried out with 24 students of two classes in a village school in the 
South Marmara region using a pretest-posttest control group quasi-

experimental design. Students in control (inquiry-based learning-

IBL) and experimental (hot conceptual change based on IBL) 
groups used instructions for teaching the NOS topics in the 7th-

grade light unit. The pre-test and post-test data on the NOS were 

obtained by the Opinions on the Nature of Science Questionnaire 
(ONSQ). In the analysis of ONSQ data, students’ views on the 

aspects of the NOS were scored according to the adequate (3), 
variable (2), and weak (1) categories. These scores were converted 

into gain scores and considered in the comparison between the 

groups regarding those aspects. Semi-structured interviews were 
conducted with two students from each group before and after the 

implementation. The gains related to NOS aspects obtained with the 
instructions carried out for seven weeks were presented and results 

were discussed in the context of the literature on hot conceptual 

change, IBL, and NOS. Finally, suggestions were made for new 
research and teaching practices for teachers. 
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Introduction 

CIENCE literacy is important for children to understand what is 

scientific or non-scientific. For this purpose, important steps have 

been taken and innovations have been made in science curricula in 

Turkey in the last 10 years (Ministry of National Education, 2013; 2017; 

2018). 

One of the important subcomponents of science literacy skill is the 

nature of science (NOS), a very popular subject area in the literature 

(Akerson et al., 2000; Lederman, 2007). This subject area is the key point in 

understanding science (Lederman, 1992; McComas & Olson, 2004). In 

addition, learning NOS positively affects the teaching of science concepts 

(Abd-El-Khalick & Lederman, 2000; Chaiyabang & Thathong, 2014; 

Papadouris & Constantinou, 2011; Papadouris & Constantinou, 2014; 

Michel & Neumann, 2016). 

The Nature of Science Aspects 

Defining the nature of science is difficult due to the problems experienced in 

defining the concept of science. On the other hand, there is a consensus on 

the definitions of the nature of science, except for minor disagreements 

(Abd-El-Khalick, 2005; Ledermen, 2007; McComas, 2004; Ozcan, 2013). 

Although McComas (2002) considers these definitions as 14 aspects in his 

study, at the secondary education level, these headings can be increased or 

decreased according to students’ grade level. Cil (2010), in her experimental 

study conducted with 7th-grade secondary school students, addresses the 

common aspects in accordance with the age level. These were; defining 

science (1), the provisional nature of scientific knowledge (2), the empirical 

nature of scientific knowledge (3), being a product of imagination and 

creativity (4), being theory-laden (5), the social and cultural structure of 

science (6), and the difference between observation and inference (7). The 

first step in most research is to select these aspects according to grade level 

for a selected sample. 

The 90’s in NOS studies were about the description of student 

situations about selected aspects (Abd-El-Khalick & Lederman, 2000b; 

Lederman, 1992; Lederman et al., 1998; McComas, 1996). Later, studies 

focusing on the organization of the teaching process to achieve a 

contemporary understanding of the nature of science came to the fore 

(Khishfe & Abd-El-Khalick, 2002; Bell et al., 2011; Erdogan & Koseoglu, 

2015). Didactically, the teaching of NOS aspects with the explicit-reflective 

approach and implicit approach (Akerson et al., 2000) and the historical 

approach are also presented as support (Clough, 2006; Kim & Irving, 2010; 

Solomon et al., 1992). The explicit-reflective approach argues that NOS 

S 
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aspects should be addressed in a deliberate and planned manner, whereas the 

implicit approach argues that NOS aspects should be learnt while engaging 

in science (Abd-El Khalick & Lederman, 2000; Akerson et al., 2000; 

Demirbas & Balci, 2013). However, the most important difference between 

the two approaches lies in the way they handle NOS aspects. While the 

implicit approach considers NOS as an affective learning by-product, the 

explicit-reflective approach considers NOS as a cognitive learning product 

similar to other science concepts (Abd-El-Khalick, 2005; Abd-El-Khalick & 

Lederman, 2000; Khisfe & Abd-El-Khalick, 2002). At the last point, it is 

stated that teaching with explicit-reflective approach yields effective results 

(Abd-El-Khalick & Lederman, 2000; Akerson et al., 2000; Flick & 

Lederman, 2004; Ozcan, 2013). Khisfe and Abd-El-Khalick (2002) also 

mention that effective results are possible with cognitive teaching. 

Regarding students’ views on the nature of science, McComas (1996) 

shared the misconceptions about the nature of science with a 15-item list of 

‘scientific myths’. It is thought that the role of the preconceptions 

encountered in or before learning situations in the emergence of these myths 

is great. Considering the nature of science as a cognitive product (Khisfe & 

Abd-El-Khalick, 2002), its permanence, and the fact that it requires a 

deliberate and planned intervention in many studies, it is possible to define 

these ‘scientific myths’ as misconceptions. Vosniadou (2008) states that the 

most important feature that distinguishes misconceptions from other types of 

errors is that they are permanent and resistant to change. 

The Need for Hot Conceptual Change 

Science educators have organized various learning situations to eliminate 

misconceptions in their studies for many years and have emphasized the 

effectiveness of conceptual change strategies (Dole & Sinatra, 1998; 

Gregoire, 2003; Kocakülah & Kural, 2010; McLure et al., 2020; Nadelson et 

al., 2018; Posner et al., 1982; Sinatra, 2005). Conceptual change is 

considered by Nussbaum and Novick (1982) as a process activated by 

cognitive and conceptual conflict. Posner et al. (1982) put forward the 

strategy of conceptual change through a cognitive balancing process that 

starts with cognitive dissatisfaction with the concept and continues until the 

search for a comprehensible, plausible, and an efficient new concept 

(Hewson & Hewson, 1984; Posner et al., 1982). Vosniadou (2008) defined 

this model as the classical model and stated that the cognitive characteristics 

of the learner and the conceptual change process were addressed. The 

classical model’s limited focus on students’ cognitive processes and the 

learner-centered approaches in the learning-teaching processes emerging 

afterwards necessitated including affective and cognitive characteristics in 

the instruction process. The limited focus of conceptual change on cognitive 
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aspects is characterized as cold conceptual change by Pintrich et al. (1993). 

The focus of the criticism is that motivational aspects related to the 

individual are not taken into account. Addressing the effect of motivation 

and metacognition, Dole and Sinatra (1998) define the process of conceptual 

change as lukewarm and argue that while dissatisfaction supports motivation, 

high motivation supports high-level cognition and even metacognition and 

full conceptual change will be achieved (Özdemir & Kocakülah, 2021). 

Gregoire (2003) discussed the importance of motivation, self-efficacy, and 

intuitive-systematic processing processes and clues in the model called warm 

conceptual change. The warm and hot tendencies of conceptual change 

mentioned here have led to the idea that there is a multifactorial structure in 

the process and that each new factor increases the temperature by one level 

(Kural & Kocakülah, 2016). Considering that there are many factors that 

directly and indirectly interact with hot conceptual change in learning and 

teaching processes, a multifactorial conceptual change model has been 

presented today (Kocakülah, 2024; Nadelson et al., 2018; McLure et al., 

2020). As seen, the conceptual change model has also changed in the 

historical process, as in the approach to NOS teaching. 

There are many studies in which NOS aspects are included in the 

teaching process by combining the explicit-reflective approach with different 

methods or techniques. In recent years, research-inquiry (Capps & Crawford, 

2013; Khisfe & Abd-El-Khalick, 2002; Kinyota, 2020; Ozgelen et al. 2013; 

Schwartz et al., 2008; Widowati, 2017), argumentation (Acar et al., 2010; 

Eymur, 2019; Khishfe, 2012; Khishfe, 2014; Khishfe, 2021; Khishfe, 2022; 

Kutluca & Aydin, 2017; McDonald, 2010), problem-based learning 

(Akerson et al., 2006; Akerson et al., 2014; Dogan, 2017; Moutinho, et al., 

2015; Sousa, 2020) and conceptual change (Abd-El-Khalick & Akerson, 

2004; Cho et al., 2011; Clough, 2006; Cil, 2014; Mansour et al., 2016) 

approaches are frequently encountered in the NOS teaching. Despite these 

studies, there have been no studies found directly teaching the features 

related to NOS with the hot conceptual change model in which some 

affective aspects are also taken into consideration. 

Addressing all the above mentioned, this study aims to determine the 

effectiveness of hot conceptual change strategy based on inquiry-based 

learning compared with mere inquiry-based learning in changing 7th grade 

students’ NOS views. More specifically, the focus of this study is to evaluate 

the effect of the application of hot conceptual change to the teaching model 

on students’ understanding of NOS. For this purpose, the following research 

question was asked: What is the effect of hot conceptual change based 

teaching on 7th grade students’ understanding of NOS. 

Material and Methods 
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Participants 

The study was conducted with a total of 24 7th-grade students studying in 

two different classes in a village school (middle and low socio-economic 

level) in the South Marmara region of Turkey. From the two classes, the 7/A 

class was selected as the control group (14 students: 4 girls) while the 7/B 

class was selected as the experimental group (10 students: 3 girls) by the 

lottery method. The teaching continued throughout the Light Unit. The 2013 

science curriculum was based on the inquiry approach. In both groups, the 

NOS aspects were integrated with the subject matter in a explicit-reflective 

approach. In the experimental group, unlike the control group, teaching was 

planned by including the hot conceptual change model in the process. 

Data Collection Tools 

The data of the study were obtained by using the Opinions on the Nature of 

Science Questionnaire (ONSQ) and semi-structured interviews. The ONSQ 

was administered as a pre-test approximately one month before teaching. 

Then, semi-structured interviews were conducted with selected students. 

Thus, the students’ pre-instructional views on NOS were obtained. In the 

lesson after the completion of the instruction, the ONSQ was applied as a 

posttest. In the following week, semi-structured interviews were conducted 

again. The posttest data were used to determine how the students’ views on 

NOS changed as a result of the instruction. 

ONSQ: A questionnaire with nine open-ended questions developed 

by Cil (2010) compiled from different studies was used to determine the 

views on the aspects of the nature of science. The opinions of three faculty 

members in science education department were obtained about the scale in 

this form. It was administered to 25 8th-grade students. It was observed that 

each question generally elicited responses related to the feature to be 

measured. As such, it was deemed appropriate to administer the ONSQ to 

the experimental and control groups as pretest and posttest. 

Semi-structured interviews: After the administration of the 

questionnaire, two students from each group were selected voluntarily and 

interviewed individually. During the interviews, the students were given the 

questionnaires to examine their own responses and the items in the 

questionnaire were asked again verbally, thus increasing the validity of the 

answers given to the questionnaires (Lederman et al., 1998). In addition, the 

students were asked different questions about science and its characteristics, 

and their views were tried to be analyzed in depth. The interviews lasted an 

average of 30 minutes and were then recorded on a computer and transcribed. 

Teaching Practices 
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In the study, NOS aspects were addressed within the 7th-grade light unit. In 

the learning process, inquiry-based learning (IBL) in the Minister of 

National Education (2013) Science Curriculum is the basic approach. In the 

learning process designed for the experimental group, the hot conceptual 

change model and IBL were integrated. Teaching practices included the 

concepts of light and NOS aspects (general view about science, empirical 

aspect, tentative aspect, imagination and creativity, subjective aspect, social 

aspect, the difference between observation and inference). In the present 

study, the practices related to the 7th-grade learning outcomes were carried 

out by the researcher, who was a teacher in the Republic of Turkey Ministry 

of National Education, for 4 hours per week during 7 weeks. In addition, 

factors and activities for factors were introduced for 4 hours. The practices 

continued for a total of 28 hours. 

While organizing the learning process, the learning cycle was 

integrated with the inquiry cycle discussed by Pedaste et al. (2015) and the 

“Guided Inquiry Process” described by Kuhlthau et al. (2007). In this way, a 

learning process in which students will demonstrate their metacognitive 

skills and motivation is defined. While the instructional strategy IBL, the 

focus of the curriculum, was arranged, the guided inquiry was brought to the 

forefront at the 7th-grade level (Ministry of National Education, 2013). For 

this reason, the guided inquiry was preferred in the study considering the 

readiness of the students. Khulthau et al. (2007) base the guided inquiry 

process on theories about the knowledge-seeking process, the third domain, 

and know-want-learn (KWL). The knowledge-seeking process is the 

provision of all the guidance needed to the learner. The third domain is the 

creation of a learning process that is life itself by placing the school in the 

third domain where the pre- and post-learning intersect. KWL is explained as 

a process in which students take responsibility for all their learning by asking 

themselves “What do I know?”, “What do I want to learn?”, “What have we 

learnt?”, “How do I find out?”, “How do I share what I have learnt?” and 

“What’s next?” questions in all teaching stages, thus providing support in 

terms of motivation and metacognition factors (Figure 1). 

Table 1 shows the IBL process and stages in the experimental and 

control groups, which were formed by associating the learning process in 

Figure 1 with the learning cycle. 

Table 1 and Figure 1 guided the development of lesson plans and 

student worksheets as well as the IBL process. Experimental and control 

group lesson plans and student worksheets were prepared for each learning 

outcome. In the selection of the contents of the control group’s lesson plans, 

the Ministry of National Education textbook was used. In the experimental 

group, the contents of lesson plans were created by selecting the activities 

designed by the researchers. Since the development process of the 

worksheets can be the subject of another research, a detailed explanation is  
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Figure 1. Components of Inquiry-Based Learning. 

 

 

 

 

Table 1. The Process and Stages of IBL in the Experimental and Control Groups. 

Main Stages Sub Stages Learning Process Question 

Preparation Recalling prior knowledge about the subject What do I know? 

Conceptualization Questioning and problem-creation What do I want to know? 

Conduct Research Exploration- experimentation- Interpreting How to find out and research 

Finalization Sharing Result What have I learnt? 
How can I use what I’ve learnt? 
What’s next? 

 

 

 

 

not given here. However, in terms of validity and reliability, the opinions of 

3 experts in the field of science education were taken. In addition, the whole 

process described here was tested with a pilot study in the same school one 

year before the actual implementation. All stages and activities were 

reviewed and deficiencies were eliminated. 

The learning process carried out in the experimental group requires 

the combination of hot conceptual change and IBL. In the hot conceptual 

change model, the assumption that an individual’s affective characteristics 

affect the conceptual change process together with his/her cognitive 

characteristics is accepted. In this study, cognitive characteristics were 

determined as NOS aspects and light concepts, while affective characteristics 

were determined as motivation towards science lessons, metacognition, and 

scientific epistemological beliefs. These factors and the hot conceptual 

change discussed in the current study are shown in Figure 2. 

As can be seen in Figure 2, metacognition, motivation towards 

science lessons, and scientific epistemological belief factors were integrated  
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Figure 2. Background of Hot Conceptual Change. 

 

 

 

 

Figure 3. Hot Conceptual Change Process Applied in the Experimental Group. 
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in accordance with the IBL process to determine a hot path for complete 

conceptual change. Warm conceptual change was achieved with these 

factors. Four different activities were designed for motivation and 

metacognition support. These 5- 10 minutes activities were applied when the 

students felt that they were having problems, thus students were supported in 

terms of motivation and metacognition factors. Scientific epistemological 

beliefs were provided by adding content related to the history of science and 

the nature of science and thought-provoking questions to the course 

materials. In this way, students were encouraged to interact to create new 

ideas. In terms of these factors, students were encouraged to question 

themselves. For this purpose, they were encouraged to evaluate themselves 

scientifically. A student list was prepared on the class board. On this board, 

the class rules created together was listed. At the end of each activity, “the 

best and the favorites” was determined with the class and symbolic rewards 

were given. Students’ interaction with the factors was ensured through 

rewards. Figure 3 shows the flow chart of the hot conceptual change. 

The stages in the preparation of lesson plans in the experimental and 

control groups during the learning process are given in Table 1 and Figure 2. 

Differently, in the experimental group, planning was made by following the 

processes in Figure 3. During the learning process, the experimental and 

control group students were divided into subgroups of 3 to 4 students. These 

groups were tried to be heterogeneous in terms of participation and success. 

In this situation, the researcher, who is the first author of the article, 

benefited from his previous experience with the students since he was 

already the teacher of the course. The students followed the questions and 

activities in the worksheets given to them during the lessons. Each lesson 

started with the preliminary knowledge and preparation phase, and it was 

aimed to understand the learning outcome with the examination of the 

preliminary knowledge. Students were required to ask themselves the 

question of “what do I know?” This was followed by the conceptualization 

phase. Here, students started to realize the new outcome. Then, the students 

were asked the question “what do I want to know?” In the experimental 

group, in addition, “the comparison of the existing concept and the new 

concept” took place at this stage. The next stage was the “conducting 

research” section in both groups. In this section, students designed the 

learning process through the research process. The teacher presented 

alternative ideas in addition to the students’ own ideas and guided them in 

the ways they would choose. The main question of the research section was 

“How will I learn and research?” Different from the control group, the 

students were guided to realize that their existing concepts did not solve the 

existing problem by comparing the concepts and thus to see the formation of 

the new concept as a need in the experimental group. In the subgroups that 

could not achieve this awareness, the researcher provided guidance with 
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additional questions. Finally, in the finalization phase, an evaluation of what 

has been learnt was made. In addition, a scientific communication process 

was created, and the student sought answers to the questions “What have I 

learnt?”, “How can I use what I have learnt?” and “What is next?” In the 

experimental group, at this stage, the results of conceptual change were 

evaluated, and activities were included for transferring the new concept and 

monitoring the results. All these processes were presented in separate 

sections as questions and activity applications in the worksheets of the 

students, and it was a resource for both the researcher and the student as a 

lesson plan and course material to follow different parts of the course. 

Data Analysis 

During the content analysis, students’ ONSQ responses related to the aspects 

of the nature of science were coded as sentences as the unit of analysis. 

Responses to different questions related to the same aspect were analyzed. In 

this way, students’ ideas about the aspects were categorized as weak (1), 

variable (2), and high (3). A gain score was calculated between the scores 

obtained in the pre-test and the scores obtained in the post-test. While 

calculating the gain score, the normalized gain score (<n>) proposed by 

Marx and Cumming (2007) was used. In this context, the <n> calculation 

allows comparison on a student basis and provides a strong statistical basis 

as the results are high (Setiawan, 2020). Equation 1 was used to find the 

normalized gain scores. 

Equation 1, 

        

 
  
 

  
 

 

        

        
                

                                            

        

    
                  

  

 

The coding and scoring process was carried out for the pretest and 

posttest data. Then, mean <n> was obtained for the groups. To interpret 

these values, those less than 0.00 were categorized as negative gain; between 

0.00 and 0.30 as low gain; between 0.30 and 70 as medium gain; and 

between 0.70 and 1.00 as high gain (Marx & Cummings, 2007). 

Comparisons of the groups are presented in the findings section. For the 

reliability of the scoring, the pretest and posttest ONSQ data were also coded 

and scored by a faculty member who is an expert in the field of science 

education. Cohen’s kappa analysis was applied for inter-coder agreement  
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Table 2. Experimental and Control Groups Gain Scores for the Aspect of 
General Opinion about Science. 

Aspect Group Pre-test Post-test <n> Gain value 

General Opinion about 
Science 

Control Group 1.36 1.64 0.174 Low 

Experimental Group 1.40 2.10 0.438 Middle* 

 

 

 

Table 3. Experimental and Control Group Gain Scores for the Empirical Aspect. 

Aspect Group Pre-test Post-test <n> Gain value 

Empirical 
Control Group 1.29 1.50 0.125 Low 

Experimental Group 1.20 1.40 0.111 Low 

 

 

 

(Kilic, 2015). Cohen’s kappa value was found to vary between 0.77 and 0.96 

in all aspects and the secondary researcher agreement was interpreted as 

good and very good (p < 0.05). This result is presented as evidence for the 

scoring reliability of the scale.  

Results 

The findings obtained by analysing the ONSQ data and the student opinion 

change schemes are shared respectively. Table 2 shows the gain scores and 

values of the experimental and control groups for the aspect of general 

opinion about science. 

According to Table 2, it is seen that the experimental and control 

group students differed in terms of the “general opinion about science” 

aspect and that the control group students had a low level gain and the 

experimental group students had a medium level gain. When the interviews 

were analyzed, student K12 said “science is an invention, discovery and 

invention” before the teaching and changed his opinion as “science is the 

knowledge found by experiment, observation and research” after the 

teaching. Regarding the same subject, D7 first defined science as “things 

that make life easier and make the mind work” and in the last interview, he 

said, “It is the correct information that changes and is proven. It can be 

proved, it can change, it is discovered as a result of experiments”. 

Table 3 shows the gain scores of the experimental and control groups 

for the empirical aspect. When Table 3 is examined, it is evident that the 

groups could not differentiate on the “empirical aspect” feature of science,  
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Table 4. Experimental and Control Group Gain Scores for the Tentative Aspect. 

Aspect Group Pre-test Post-test <n> Gain value 

Tentative 
Control Group 1.71 2.57 0.667 Middle 

Experimental Group 1.60 2.40 0.571 Middle 

 

 

 

both groups remained at low level gains, but the gain value was in favor of 

the control group. 

In the interview records, student D3’s statement “You cannot try 

something without experiments” in the pre-interview was changed to “We 

cannot try something without experiments. It cannot be done at once, it must 

be done again and again. Experiments are done to prove, discover and 

explain”. Furthermore, it is found that the explanation of the K8 that 

“experiments are done to discover and investigate” in the pre-interview was 

changed to “science cannot exist without experiments. I don’t know why they 

are done”. Table 4 shows the gain scores and values for the tentative aspect 

as another NOS aspect. 

Table 4 shows that the experimental and control group students were 

at intermediate level of gain and did not differ. On the other hand, it is seen 

that the normalised gain scores were in favor of the experimental group. 

When the pre-interview records were analyzed, K12 said “old knowledge is 

forgotten and not used. Even the methods here are not used” and D3 shared 

the view that “old knowledge is accepted, but missing knowledge is added”. 

In the post interviews, K12 used the expression “old knowledge is forgotten 

and no longer used” and D8 used the expression “old knowledge is 

forgotten”. On the other hand, in response to the explanation of K12 that 

“atoms are first likened to different shapes and then new models are 

produced according to experiments and their results”, D8 said “One scientist 

said that light comes to the eye, another said that it comes to the object. 

Another one found that we see with the light reflected from the object” and 

supported his sufficient opinion about the tentative aspect with an example. 

The next findings regarding the gain scores and values of the experimental 

and control group students related to imagination and creativity are shown in 

Table 5. 

Regarding the “imagination and creativity aspect”, it was found that 

the experimental and control group students were in the middle level of gain, 

that is, they could not differentiate (Table 5). On the other hand, it is seen 

that there is a differentiation in favor of the experimental group in the 

normalized gain scores. In the pre-interviews, it was determined that K8 

shared the explanation of “imagination is what you think” and D3 shared the 

explanation of “creativity is design”. In the final interviews, it was observed  
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Table 5. Experimental and Control Group Gain Scores for the Imagination and Creativity 
Aspect. 

Aspect Group Pre-test Post-test <n> Gain value 

Imagination and Creativity 
Control Group 2.21 2.57 0.455 Middle 

Experimental Group 1.70 2.40 0.538 Middle 

 

 

 

Table 6. Experimental and Control Group Gain Scores for the Subjective Aspect. 

Aspect Group Pre-test Post-test <n> Gain value 

Subjective 
Control Group 1.93 2.50 0.533 Middle 

Experimental Group 1.60 2.70 0.738 High* 

 

 

 

Table 7. Experimental and Control Group Gain Scores for the Social Aspect. 

Aspect Group Pre-test Post- test <n> Gain value 

Social 
Control Group 2.14 2.29 0.167 Low 

Experimental Group 1.80 2.80 0.833 High* 

 

 

 

that K8 stated “imagination is to dream”, while D3 stated “imagination is 

the beginning of the next invention”. 

Table 6 shows the findings including the gain scores and values of 

the groups regarding the ‘subjective element’. When Table 6 is analyzed, it 

is observed that the experimental group obtained high level gain and the 

control group obtained medium level gain. There is a difference in favor of 

the experimental group in terms of the subjective aspect. In the pre-interview, 

it was found that the students in the experimental and control groups 

answered the question about the reason why scientists’ explanations about 

the same subject were different with the common explanation “because their 

feelings and thoughts were different”. In the final interview, it was observed 

that student K8 said “they do not use their emotions, there is no need 

because they already find out through experiments and observations”, 

whereas D7 said “yes, they do, but emotions, thoughts and ideas can change 

according to everyone”. Table 7 shows the gain scores and values of the 

experimental and control group students about the social aspect of the NOS. 

When the “social aspect” data is examined, results in favor of the 

experimental group are noticed. It was found that the experimental group 

students had high gains while the control group students had low gains  



Savas & Kocakulah. (Turkey). Conceptual Change on Students’ Views on the Nature of Science. 

SIEF, Vol.26, No.1, 2025 4221 

Table 8. Experimental and Control Group Gain Scores for the Difference between 
Observation and Inference. 

Aspect Group Pre-test Post- test <n> Gain value 

Difference between 
Observation and 
Inference 

Control Group 1.79 2.00 0.176 Low 

Experimental Group 1.80 2.70 0.750 High* 

 

 

 

(Table 7). When the interview records were analyzed, it was found that 

student K8 stated “it does not affect the society, but it affects the structure of 

the society: science is affected by the society, it takes the society’s opinion” 

and D3 also stated “it does not affect the society, it affects (later), I do not 

know” in the pre-interviews. In the final interviews, student K8 stated that 

“science affects the societies, the traditions of the society they live in are 

important. It meets the needs of the society they live in, after all, the society 

uses what is found”; D3 said, “No, it does not affect. It meets the needs of the 

society they live in. Society cannot exist without science; science cannot exist 

without society”. 

Table 8 presents the results of the analyses of the gain scores and 

values of the students in the experimental and control groups on the last 

aspect, the difference between observation and inference. 

Differences were found in the gain scores and values of the 

experimental and control groups regarding the difference between 

observation and inference in favor of the experimental group (Table 8). 

Among the students’ opinions obtained from the interviews related to this 

aspect are as follows: In the pre-interview, student K12 said “Observation is 

to analyze something. Inference is to deduce the result of a process.” For D7, 

“observation: I have no idea” and did not mention inference. In the post 

interviews, the student in the control group stated that he had no idea about 

observation and inference and provided the explanation that “weather 

forecasts are made from satellites outside the world”. In the post interview 

of the experimental group, D7 said “Observation is looking at something. It 

is to see how something happens in experiments. It is to take note of what is 

seen. Inference is the interpretation made as a result of observation”. 

Discussion 

In this study, the effect of the instructional model developed on the basis of 

hot conceptual change on middle school 7th-grade students’ understanding 

of NOS aspects was investigated. The analyses showed that the experimental 

and control group students had largely weak views in terms of all NOS 

aspects before the instruction. Considering that the students participating in 
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this study have been taking science courses since the 3rd-grade, the results 

obtained can be interpreted as that the current science program does not 

contribute to the students’ adequate level of NOS understanding. Similar to 

the results of this study, many studies in the literature reveal that although 

students have received a formal science education, their understanding of 

NOS is not at the desired level too (Bell et al., 2011; Kang et al., 2005; 

Khishfe, 2020; Parker et al., 2008; Peters-Burton et al., 2022). 

The results obtained after the instruction show that the gain scores of 

the students in both groups are in the direction of positive gains ranging 

between low and high levels. Although science-related activities produce 

effective results in the development of NOS, they do not provide the 

development of a comprehensive understanding of NOS (Alisir & Irez, 2020; 

Flick & Lederman, 2004; Khisfhe, 2022). However, it is thought that the 

reason for the small gain differences in the present study is that the practices 

in both groups were directly based on the philosophy of explicit-reflective 

approach. In support of this idea, Ozer et al. (2021) state that more activities 

do not mean more development of accurate NOS understanding. 

It was found that the gain scores in the aspects of general view about 

science, social aspect, and subjective aspect, the difference between 

observation and inference in the experimental group were higher than the 

gain scores in the control group, which may be due to the hot conceptual 

change. Dole and Sinatra (1998) defined cognitive conflict and motivation 

for conceptual change and the motivation processes that lead to the 

activation of metacognition. In the present study, the use of quotations from 

the history of science and interesting activities may explain the results in 

favor of the experimental group. It is also seen in the literature that historical 

scientific events as a complement to science-related activities are an 

effective way to develop students’ understanding of the nature of science 

(Abd-El-Khalick, 2005; Alisir & Irez, 2020; Khishfe, 2022; Solomon et al., 

1992). On the other hand, no significant difference was found between pre-

service teachers who received a short education on the history of science and 

philosophy of science and those who did not receive this education in terms 

of NOS views (Erdas Kartal et al., 2018). Based on all these results, it is 

thought that the changes in some NOS views in favor of the experimental 

group in the current study are the product of hot conceptual change. On the 

other hand, it is not possible to know how much the effect of the history of 

science stories and activities used to support the teaching process in the 

study. Investigation of such an effect can be carried out as the subject of 

another study. 

Although both groups obtained positive results in terms of NOS 

aspects, it was found that the control and experimental groups did not differ 

in terms of empirical aspect, tentative aspect, imagination, and creativity. 

After the application, it was concluded that weak opinions decreased in both 
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groups, but there was no differentiation in gain values although variable and 

sufficient opinions increased. The first aspect related to this situation is the 

empirical nature of science where low gains are seen. When the studies 

focusing on the teaching of NOS aspects are examined, it is seen in various 

studies that there are weak opinions about the empirical aspect before the 

application (Bakirci et al., 2017; Bell et al., 2016; Brunner & Abd-El-

Khalick, 2020; Schellinger et al., 2019).  

It is stated that research-based activities contribute to the change of 

students’ views on the nature of science (Akerson et al., 2014; Schellinger et 

al., 2019). Similarly, studies that obtained significant results related to the 

experimental aspect with the conceptual change process were also found 

(Bakirci et al., 2017; Bell et al., 2016; Clough, 2006). In addition, it was 

observed in the interviews that the students maintained the view that “there 

is no research without experimentation”. It is thought that this finding may 

have resulted from the association of experiments with science, which is 

very appropriate to the nature of science education (Irez, 2015; Khishfe, 

2022; McComas, 2004). It is also thought that the guided inquiry planned in 

the research phase of the course in this study may have revealed the belief 

that “experiment is a must” (Akerson et al., 2014). This situation arising 

from the nature of teaching can be presented as a limitation. However, 

considering that the foundation of students’ naive ideas is shaped from an 

early age, it can be argued that the “crazy scientist figure doing explosive 

experiments” that students may encounter in the media or in various books 

may have contributed to the establishment of the view that “science is 

experimentation” as a fundamental and indestructible misconception. 

However, it may be suggested to plan different studies to reveal how this 

view is so ingrained in the minds of the students. 

It was observed that another aspect in which the experimental and 

control groups reached medium level gains before the application and did 

not differentiate as a result of the application was the tentative nature of 

science. Variable opinions were found to be intense in both groups and 

similarly, weak and variable opinions were found in different studies in the 

field before the implementation (Bakirci et al., 2017; Bell et al., 2016; 

Clough, 2006; Schellinger et al., 2019). After instruction, the groups gained 

medium level gains related to the tentative aspect. In addition, hot 

conceptual change did not cause differentiation between the groups. 

Although significant results were obtained in different age groups with the 

applications carried out in some studies on the tentative aspect (Bell et al., 

2016; Clough, 2006; Khishfe, 2022; Schellinger, et al., 2019), it was 

observed that the pedagogy related to conceptual change also revealed 

positive results (Bakirci et al., 2017; Cil, 2014). However, no study has been 

encountered regarding the hot conceptual change and the tentative aspect. It 

is thought that the activities in the worksheets prepared for the hot 
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conceptual change process in the current study may not have been followed 

by the students or may have been boring. In addition, the fact that students 

do not read scientific content in daily life is another problem (Bakirci, et al., 

2017). As a suggestion here, the motivation process can be contributed to by 

creating a conflict process with cartoons involving more pictures or with 

short documentaries on the history of science. Considering these, 

experimental research can be conducted to determine which one affects the 

hot conceptual change process more. 

Another result is that the gain scores related to the aspects of 

imagination and creativity constitute medium level gains for the 

experimental and control groups. Prior studies show similarities in the 

distribution of opinions before the instruction in different age groups (Erdas 

Kartal et al., 2018; Bell et al., 2016; Khishfe, 2022). Despite the decrease in 

weak opinions after the instruction, the rate of adequate opinions in the 

experimental group was 40% and 64% in the control group. It has been 

observed that there are studies that have achieved positive results in the 

opinions of the sample with different applications (Bell, et al., 2016; Erdas 

Kartal et al., 2018; Khishfe, 2022). However, positive results of the 

applications related to conceptual change on student development in the 

aspect of imagination and creativity are also found (Bakirci et al., 2017; Cil, 

2014). On the other hand, in Ozer et al.’s (2021) study, while there was no 

significant difference in the results of 5th- and 6th-grade students in the 

context of age groups, a significant difference was found in 7th-grade 

students. As a result of this study, it was explained that there is a 

misconception in Turkey because creativity and imagination are handled in 

the context of art and artists. It is necessary to evaluate the situation in the 

current study differently. Although there was an improvement in the groups 

towards creativity and imagination aspect, there was no differentiation in the 

experimental group. However, it is thought that this situation may have 

occurred as a result of a common effect of age, aspect, and application due to 

the disadvantages of the settlement where the sample is located. The reasons 

for the emergence of this result can be suggested as the subject of another 

study. 

Accordingly, it was concluded that the hot conceptual change model 

applied in the experimental group was effective on some NOS aspects. 

Bakirci et al. (2017) examined the effects of the Common Knowledge 

Constructs Model (CKCM) and the 5E model on 6th-grade students’ views 

on the nature of science. In the study, results were obtained in favor of the 

experimental group in terms of the development in NOS views. In the 

literature, there are other studies in which positive developments have been 

observed in the groups in which conceptual change pedagogy for NOS was 

applied (Cil, 2010; Cil & Cepni, 2016). In another similar study in which the 

sample was selected as pre-service teachers, Abd-El Khalick and Akerson 
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(2004) determined that the views of pre-service teachers who initially had 

weak views improved with the explicit-reflective NOS approach under 

conceptual change-based learning conditions. These studies in the literature 

provide evidence to support the results obtained in this study. 

It was concluded that the explicit-reflective approach based guided 

IBL process applied in the control and experimental groups was effective in 

developing positive gains related to NOS aspects compared to the pre-

instruction. When the literature is examined, it is stated in many studies that 

successful results can be obtained by addressing NOS aspects as an explicit, 

reflective, and cognitive product (Lederman et al., 1998; Schwartz et al., 

2004; Teig et al., 2019). Sagır and Kilic (2013) explain that scientific 

discussions in which communication and discussion are at the forefront are 

more effective than the traditional method. Here, the Guided IBL process in 

the basic framework of teaching practices is considered as a process that 

includes all the skills mentioned (Constantinou et al., 2018). In this respect, 

it is thought that the Guided IBL process may have contributed to students’ 

understanding of the NOS. 

The qualitative findings obtained from this study shows that 

metacognition, motivation towards science lessons, and scientific 

epistemological belief factors were effective in supporting the hot conceptual 

change process. In addition, these findings could explain the results obtained 

in favor of the experimental group in terms of some of the NOS aspects in 

the experimental and control groups. It should be noted that the student 

group in which the research was conducted was located in a rural area and 

had families at low socio-economic level posed a significant problem for the 

researchers during the teaching process. During this research, it was 

observed that students’ transfer to school by shuttle sometimes caused them 

to be late, and this situation caused some lessons to be prolonged and as a 

result, their motivation decreased. Therefore, it is recommended that such 

factors should be taken into consideration in future similar studies. 
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Introduction 

N THE LATEST round of curriculum reform in mainland China, the 

objectives of the science curriculum have shifted from knowledge and 

skills, attitudes and methods, and emotional-attitudinal values to 

developing students’ core literacies, and understanding the nature of science 

(NOS) has been explicitly included as part of the core literacies of the 

physics subject in the Physics curriculum standards for senior high school 

(Ministry of Education, 2017). The curriculum standards are the main basis 

for guiding the development of textbook content, and following the 

promulgation of the 2017 senior secondary physics curriculum standards, a 

new version of the physics textbook was published and put into use in 2019. 

In the latest physics textbooks, the representation of the NOS is mostly 

implicit, with the consensus view of the nature of science being embedded in 

stories for expression (Zhuang et al., 2021). This is not surprising, as direct 

descriptions of the NOS can be difficult for teenagers to understand (X. Li et 

al., 2020). Integrating History, Philosophy and sociology of Science (HPSS) 

into the science curriculum effectively promotes a better, more 

comprehensive, and richer understanding of the NOS (Matthews, 1992). 

History, Philosophy, and Sociology of Science (HPSS) education 

examines the social and cultural context in which scientific knowledge is 

produced, disseminated, and used. This includes exploring the history of 

science, the philosophical foundations of science, and the sociological 

factors that shape the practice of science (Zhang, 2017). In 1895, Mach first 

suggested that ‘no science education can be conducted without attention to 

the history and philosophy of science (Yuan, 2005), and in the following 

decades there was a debate about the effective integration of the history and 

philosophy of science (Laudan, 1989). Following the emergence of the 

sociology of scientific knowledge, there was a growing awareness of the 

need for the public to be aware of the various social factors in the social 

formation and construction of science and for HPSS to support science 

education as a community (Wylie, 1994). A new model of HPSS education 

was formed by emphasizing the significance of the sociology of science 

based on the history and philosophy of science (Monk & Osborne, 1997). 

Helping students understand the NOS properly has always been an 

important goal of science education (Lederman et al., 2002). Much of the 

current understanding of NOS comes from scholarship in HPSS (Abd-El-

Khalick, 2012). Initially, the NOS was considered to be related to the 

philosophy of science, mainly the epistemology, methodology and ontology 

of science. Later, the NOS network expanded to include the history and 

philosophy of science, as it was necessary to understand the history of 

science to study science, and then the NOS network was further expanded to 

include the sociology of science (Matthews, 2017). There has been an 

I 
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intense debate among scientists and science education researchers about 

what NOS is and from what perspective it is understood (Abd-El-Khalick et 

al., 1998; Alters, 1997; Wong & Hodson, 2010). We endorse some of these 

views, namely, that the HPSS is the basis for developing a consensus view of 

the NOS and that helping students understand the NOS is the goal of HPSS 

education (Abd-El-Khalick et al., 1998; Abd-El-Khalick, 2012; Abd-El-

Khalick et al., 2008). 

In recent years, international science education research has begun to 

focus more on specific pedagogical content rather than macro-level thinking 

when it comes to HPSS education (Y. Li & Zheng, 2009). Many papers have 

focused on issues related to the implementation of HPSS education in the 

classroom in the context of educational reform (Henke & Höttecke, 2015; 

Monk & Osborne, 1997). However, textbooks are rarely seen as a key 

element of educational reform. In school science education, textbooks are 

often one of the most reliable sources of knowledge for students and teachers, 

and indeed, the effectiveness of integrating the history of science into 

science education depends largely on which history of science is used and 

how it is used (Höttecke & Silva, 2011). Often, physics teachers lack 

relevant knowledge in the history of science, philosophy of science and 

sociology of science. As a result, their teaching practice in this area relies 

heavily on what is in textbooks. Teachers will rely on the content of HPSS in 

textbooks, how the texts in textbooks portray science, and what ideas about 

NOS are conveyed by textbooks (Leite, 2002). 

Textbooks, as the primary source of instructional content, are an 

effective way to present NOS implicitly through HPSS as instructional 

content. Therefore, based on the results of a direct analysis of the scientific 

nature of physics textbooks, it is meaningful to analyse the differences in 

HPSS content in the two versions of physics textbooks before and after the 

introduction of the curriculum standards and to compare the changes. 

Previous studies of HPSS content in textbooks have mainly examined a 

particular discipline within the HPSS in textbooks or a particular science 

story in textbooks (Brush, 2000; Gardner, 1999; Klassen et al. 2012; Leite, 

2002; Montgomery & Kumar, 2021; Simon , 2016; Persson, 2018; Lin et al. 

2022), this study will simultaneously count the history of science, 

philosophy of science, and sociology of science in textbooks, bringing 

together the three disciplines and being able to complement past research 

and visualise similarities and differences between the three disciplines. 

Being able to analyse the changes in HPSS content in two versions of 

physics textbooks will allow us to understand how physics textbooks have 

changed under the guidance of the new curriculum standards and how 

teachers should respond to the HPSS content in current textbooks. 
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Literature Review 

HPSS Education 

What was needed to better advance students’ understanding of the NOS was 

a greater collaboration between historians, philosophers, sociologists, and 

science educators in training teachers, developing classroom materials, 

conducting research, and analyzing textbooks (Matthews, 1989). This 

integration is of course not the use of HPSS as another thematic curriculum 

but the wider integration of HPSS themes and pedagogy into the science 

curriculum (Matthews, 1992). 

One key aspect of HPSS education is the study of integrating the 

history of science into the classroom, which seeks students to understand 

how scientific knowledge has evolved over time and how it has been shaped 

by social, cultural, and political factors (Clary & Wandersee, 2015). In some 

science classrooms, scientific knowledge is often presented to students in a 

completed form, and students lack an understanding of the history of science 

and therefore of the processes and laws of development of science (Bybee et 

al., 1991). Integrating the history of science into the classroom can help 

students understand the nature of scientific knowledge and how it evolves 

over time (Abd-El-Khalick & Lederman, 2000; Bybee et al., 1991). By 

studying the history of science, students can learn about the development of 

key scientific theories, the scientists who developed them, and the social and 

cultural contexts in which these theories were developed. This can help 

students see science as a dynamic and ongoing process rather than a fixed 

body of knowledge (Abd-El-Khalick & Lederman, 2000; Leite, 2002). 

Another important aspect of HPSS education is the study of 

examining science from a philosophy of science perspective in the science 

classroom, which focuses on enabling students to analyze science and the 

development of scientific processes from a philosophical perspective (Zhang, 

2017). This includes four senses of philosophy of science that students need 

to understand: (1) worldview presented by science; (2) scientific 

investigations of science; (3) investigation of science as a social institution; 

and (4) analysis of science concepts (Martin, 1972). An important aim of the 

integration of the philosophy of science into science education is to make 

better scientists out of those students who will be engaged in scientific 

research, and it is hoped that students will approach their scientific practice 

more critically after studying the philosophy of science (Grüne-Yanoff, 2014; 

Boniolo & Campaner, 2020). By studying the philosophy of science, 

students will enhance their own pluralistic and critical analysis of science 

and will be able to constantly reflect on existing scientific theories rather 

than taking them as the ultimate truth (Matthews, 2009). 
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Integrating the sociology of science into the science classroom is 

another key component of HPSS education, which examines the social 

factors that shape the practice of science, including the roles of institutions, 

power dynamics, and cultural values (Zhang, 2017). This includes studying 

the ways in which scientific research is funded, conducted, and disseminated, 

as well as the social and cultural impacts of scientific knowledge and 

technology (Kelly et al., 1993). The inclusion of the sociology of science in 

science education can illuminate the social nature of scientists in the 

construction of scientific theories and will undoubtedly lead to a new 

understanding of science as students learn about the social context of science 

(Kelly et al., 1993). Past research has found that the integration of the 

sociology of science into the curriculum can benefit students by  

“(1) preparing all students for the problems and decisions they will 

face in our increasingly science-dependent society; (2) engendering more 

interesting and accurate views of science; (3) attracting, interesting, and 

retaining more students in science, especially women and minorities; and (4) 

encouraging students to explore new methods and problem spaces” stated by 

Cunningham & Helms (1998, p.497). 

Overall, HPSS education is important because it helps students 

understand the complexity and diversity of scientific knowledge and the 

ways in which it is shaped by social and cultural factors. It also promotes 

critical thinking and encourages students to consider the ethical and social 

implications of science and technology. 

HPSS Context in Science Textbooks 

Over the past few decades, the HPSS has been recognized as an important 

and valuable addition to science education, and as such, analyzing the HPSS 

content in science textbooks has been a topic of interest for scholars (Vojíř & 

Rusek, 2019). 

In an early study, researchers began to examine the content of HPSS 

in science textbooks; for example, Brush (2000) qualitatively examined 28 

American college physics textbooks. He found that some of the historical 

facts of modern physics had been ignored and distorted in these textbooks 

(Brush, 2000). Two recent papers have also qualitatively discussed the 

relevant history of science in physics textbooks (Montgomery & Kumar, 

2021; Simon, 2016). Both Montgomery & Kumar (2021) and Simon (2016) 

advocate that physics textbooks should present historical information to help 

students understand the process of scientific inquiry. Rather than analyzing 

the history content throughout the textbook, Persson (2018) focuses on the 

history of Planck’s blackbody radiation equation in physics textbooks. He 

found that the history of science in textbooks did not follow the development 

of history but presented physical concepts as a result of an incorrect 
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historical context, and such descriptions were not conducive to students’ 

understanding of the NOS (Persson, 2018). In addition to the qualitative 

analysis, researchers began to quantitatively study the content of the history 

of science in physics textbooks. For example, Leite (2002) developed an 

analytical framework with eight dimensions: (1) Type and organization of 

the historical information, (2) Materials used, (3) Correctness and accuracy 

of the historical information, (4) Contexts to which the historical information 

is related, (5) Status of the historical content, (6) Learning activities dealing 

with the history of science, (7) Internal consistency of the book, and (8) 

Bibliography on the history of science (Leite, 2002). Leite (2002) selected 

five Portuguese secondary school physics textbooks for the study, which 

showed that the history of science content in these textbooks was not 

sufficient to give students a good understanding of how science has 

developed and how scientists work. Twenty years later, Lin et al. (2022) 

used this framework to analyze the history of science in six Chinese high 

school physics textbooks. However, Lin et al. (2022) removed “Correctness 

and accuracy of the historical information” from the original framework 

because they believe that Chinese textbooks have undergone multiple 

reviews by different authorities to ensure the scientific correctness of the 

content. They found that the history of science in Chinese textbooks was too 

monotonous and rigid, lacking in imagery and authenticity (Lin et al., 2022). 

Some studies analyze the origin and development of a concept in a 

textbook from the perspective of the history and philosophy of science. 

These concepts include the “Photoelectric Effect” (Klassen et al., 2012; Niaz 

et al., 2010), “Structure of the Atom” (Farías Camero et al., 2012; Justi & 

Gilbert, 2000; Niaz, 1998; Niaz & Coştu, 2009), “Covalent Bond” (Niaz, 

2001), “Oil Drop Experiment” (Niaz, 2000b; Rodríguez & Niaz, 2004), 

“Periodic Table” (Brito et al., 2005), and “Kinetic Molecular Theory of 

Gases” (Niaz, 2000a). These studies usually develop a number of evaluation 

criteria for a concept based on the theoretical framework of the history and 

philosophy of science. For example, Klassen et al. (2012) have developed 

four evaluation criteria for the photoelectric effect: (1) Einstein’s Quantum 

Hypothesis to Explain the Photoelectric Effect, (2) Lack of Acceptance of 

Einstein’s Quantum Hypothesis in the Scientific Community, (3) Millikan’s 

Experimental Determination of the Einstein Photoelectric Equation and 

Planck’s Constant, and (4) Millikan’s Presuppositions About the Nature of 

Light, with four levels for each evaluation criterion (Excellent, Satisfactory, 

Mention, and No Mention). They analyzed 38 laboratory textbooks based on 

these criteria and found that these physics textbooks were at best at a 

satisfactory level and that the vast majority of them stayed at the No Mention 

level (Klassen et al., 2012). The results of other studies are similar in that 

details of the history and philosophy of science are often omitted from 
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science textbooks (Niaz, 1998, 2000b, 2001; Niaz et al., 2010; Niaz & Coştu, 

2009; Rodríguez & Niaz, 2004). 

 There are also some studies that analyze other related topics from the 

perspective of the HPSS, such as the scientific method (Blachowicz, 2009), 

the relationship between science and technology (Gardner, 1999), and the 

gender of scientists (Laçin-Şimşek, 2011). Overall, current research has 

analyzed the content of HPSS in science textbooks in both quantitative and 

qualitative ways; however, most of these analyses have focused on a 

particular concept or aspect of HPSS and lack an analysis of the book as a 

whole from the perspective of HPSS as a whole. We believe that HPSS is a 

holistic concept and therefore it makes sense to be addressed as a whole, but 

history of science, philosophy of science, and sociology of science can each 

be a separate discipline, and therefore we want to use a set of criteria to 

measure the content of HPSS in textbooks, and in particular, to understand 

the similarities and differences of the three disciplines of, the history of 

science, the philosophy of science, and the sociology of science in textbooks, 

which will be beneficial to help researchers to have a more all-encompassing 

understanding of the content of HPSS in textbooks. 

Research Questions 

Previous studies on HPSS content in physics textbooks have mainly focused 

on a particular concept or aspect of HPSS (Brush, 2000; Gardner, 1999; 

Klassen et al., 2012; Leite, 2002; Montgomery & Kumar, 2021; Simon, 2016; 

Persson, 2018; Lin et al., 2022). The three disciplines of history of science, 

philosophy of science and sociology of science are often discussed together 

because of their close relationship, making it necessary to analyze physics 

textbooks from a holistic perspective. In previous studies, the content of 

HPSS in physics textbooks has been mostly unsatisfactory. Interviews with 

textbook editors revealed that curriculum standards are an important factor in 

the variation of HPSS content in textbooks (Ma & Wan, 2017). Given that 

understanding the NOS is explicitly stated as core literacy in physics in 

China’s 2017 high school physics curriculum standards, it is important to 

analyze the HPSS content in the two editions of physics textbooks before 

and after the promulgation of the curriculum standards. 

RQ1: What is the number of HPSS content in physics textbooks after 

the implementation of the new curriculum standards? How has it changed 

from the old physics textbooks? 

RQ2: What is the copiousness of HPSS content in physics textbooks 

after the implementation of the new curriculum standards? How did it 

change from the old version of the physics textbook? 
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RQ3: What is the presentation of HPSS content in physics textbooks 

after the implementation of the new curriculum standards? How has it 

changed from the old version of the physics textbooks? 

Method 

This study used content analysis to first develop a list of HPSS content 

categories based on existing research, then categorized and coded textbooks 

for content related to HPSS education. 

Materials 

In this study, the Physics textbooks published by People’s Education Press in 

2019 were selected as the sample of current textbooks (CT) after the 

introduction of the new curriculum standards, The textbooks published by 

the People’s Education Press have been approved by the national primary 

and secondary school textbook authorization committee. Books 1, 2, and 3 of 

the high school physics textbooks published in 2019 have been chosen 

because the content in these three textbooks is compulsory for all students, 

not just those who will work in science and technology in the future. 

Therefore, it is important to analyze these three volumes of physics 

textbooks. The physics textbooks published by People’s Education Press in 

2004 were selected as the sample physics textbooks before the introduction 

of the new curriculum standards. As the chapter structure of physics 

textbooks varied from period to period, six volumes of the 2004 edition of 

the Renminbi version of the general high school physics textbooks (later 

referred to as the previous textbooks (PT), including the corresponding 

chapters of Book 1, Book 2, Book 3-1, Book 3-2, Book 3-4 and Book 3-5, 

which corresponded to the scope of knowledge in the 2019 edition of the 

textbooks, were selected for this study. 

Analytical Framework 

The analytical framework used in this study was developed based on the 

structural diagram of science meta-knowledge systems proposed by 

Professor Zhang (2017), in which HPSS education corresponds to the 

structure of the science education system. Based on relevant studies 

(Matthews, 2018; Vesterinen et al., 2014; Zhang, 2017), the conceptual 

definition of HPSS education and the actual situation in physics were 

adapted to define the analytical framework for the HPSS content of this 

study. To make the analytical framework suitable for textbook analysis, three 

scholars in science education (including a Ph.D. supervisor) discussed it in 

several rounds and finally defined it as Table 1. 
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Table 1. Analytical Framework of the HPSS. 

Categories Sub-categories Working definitions 

History of 
Science 

The evolution of physical 
concepts, principles, and laws 

Describe the historical context of the changing 
connotations and development of certain concepts, ideas, 
and laws in the discipline of physics. 

The laws of science and 
technology occurrence and 
development 

Describe the historical context of the process of the 
creation, change, and development of science and 
technology. 

Significant technical 
achievements related to physics 

A description of the major achievements and technical 
accomplishments made in the history of physics. 

The evolution of the approach to 
the science 

Describes the historical context of the scientific method 
used in physics and the process of change and 
development of paradigms. 

Scientific thought and scientific 
spirit 

Describes the historical content that embodies scientific 
thought and the spirit of science, including the life of the 
physicist. 

Philosophy 
of Science 

Discussion on the nature of 
science 

Directly describe what scientific knowledge is in the 
content or explicitly discuss what science is about. 

Scientific and logical structure Direct describes the existing science are not purely 
objective but are mixed with subjective elements. 

Scientific epistemology and 
methodologies 

Direct describes the philosophical epistemology and 
methodology of human knowledge of science. 

Acquisition and testing of 
scientific knowledge 

Direct describes the scientific knowledge created by 
humans in dynamic practice, something that can be 
predicted and inferred and can be verified in practice. 

The laws of growth in scientific 
theory 

Direct describes scientific knowledge as the result of an 
accumulation over time, which does not remain constant 
but is in a process of relatively absolute evolution. 

Sociology of 
Science 

The impact of science and 
technology on society 

Describe the various types of impact of science and 
technology on the productive life of society. 

The social responsibility of 
science and technology 

Describe the need for science and technology to take on 
social responsibility, including social security and 
sustainable development. 

The impact of social activities, 
and social decisions on science 
and technology 

Describe the place and role of social factors, such as 
political, economic, cultural, faith, and even religious and 
personal emotions, in the development of science. 

Social issues related to science 
and technology 

Describe issues in society as they relate to science and 
technology. 

 

 

 

It is undeniable that there is an overlap between the history and 

philosophy of science, and that much of the philosophy of science is 

implicitly expressed in the history of science (Reiss, 2020). We are more 

cautious about coding the philosophy of science, instead of coding 

philosophical ideas that are hidden in scientific stories, we coded only those 

sentences that explicitly referred to, for example, expressions such as the 

epistemology of science and the nature of science. Here is an example of 

coding, described in a paragraph in CT-Book1. 

After using logical reasoning to show that heavy and light objects fall 

equally fast, Galileo did not stop there but further investigated the laws of 

free-fall motion through experiments. 

While it is also evident in this passage that scientific knowledge is 

acquired through practice, it is not an explicit expression of a passage that 
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focuses on Galileo’s ongoing verification of the laws of free-fall motion, and 

thus we encode it only as a history of science, not a philosophy of science. 

Counting only the quantity of HPSS content is insufficient, as some 

content contain very rich information, such as using images, tables, and long 

paragraphs to describe a historical story. In contrast, other content might 

only include a simple sentence describing basic information about a scientist. 

This study also developed coding rules for analyzing the copiousness of 

HPSS content in past editions of textbooks versus new editions of textbooks. 

Copiousness in the context of this study refers to the richness and depth of 

information presented in textbook content. This is measured by various 

elements, including text length, the inclusion of images, tables, and student 

activities. 

(1) The length of the text usually determines the amount of 

information it contains. In physics textbooks, a complete sentence of HPSS 

content is typically around 25-30 words. In textbooks, only a single sentence 

or two very simple descriptive sentences will fall below 50 words. Therefore, 

this study uses 50 words as the standard to distinguish whether the text is 

rich in information. (2) Content that includes images is assigned an 

additional point because images can convey complex information more 

effectively and enhance understanding. However, the number of images does 

not entirely reflect the amount of information covered; thus, even if multiple 

images appear in a section, only one point is added in this study. (3) 

Including tables in the content also adds an extra point, as tables organize 

information in a structured manner that aids in comprehension and analysis. 

Similarly, even if multiple tables appear in a section, only one point is added 

in this study. (4) Student activities actively engage learners and often include 

practical applications of the content, enriching the learning experience. 

Likewise, even if multiple student activities appear in a section, only one 

point is added. 

The final scoring rules for content copiousness are determined as 

follows: 

 The text under 50 words +1 point 

 Text over 50 words +2 points 

 Content containing images +1 point 

 The table included in the content + 1 point 

 Student activities included in the content +2 points 

The way in which the content is presented is partly a reflection of the 

importance attached to the content. In Chinese physics textbooks, content is 

typically presented in three formats: Main body, Column, Note. The main 

body is always present, describing the primary content of each chapter. 

Depending on the learning material, the textbook selectively includes various 

columns, which may consist of reading materials, exercises, and other 

resources. If additional information is needed to enhance understanding of  
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Table 2. The Results of the Reliability Test. 

 Published in 2019 Corresponding chapters publish in 2004 

Book 1 0.83 0.84 

Book 2 0.86 0.87 

Book 3 0.86 0.85 

 

 

 

the content in the main body or columns, a note is added alongside to 

provide supplementary explanations. 

(1) Main Body, which contains the essential material that students must 

read in class, indicating that the content in this section is given the 

highest priority.  

(2) Columns, of which there are various types, each designed for 

optional student use, meaning that the content in these columns 

might be covered in class.  

(3) Notes, which are supplementary explanations of the content in the 

Main Body or Columns. Notes are intended for optional student 

reading after class, implying that the content in this section is 

generally given the least priority. 

Analysis Procedures 

The two encoders used in this study consisted of two master’s students. In 

the first step, under the guidance of a physics education specialist, the two 

encoders discussed the analytical framework and coding details. In the 

second step, they selected the first section of the new version of the 

Compulsory 1 Physics textbook for precoding and compared the results 

produced by the different encoders to ensure consistency of coding practices 

between them. In the third step, they precoded both old and new versions of 

the Compulsory 1 physics textbook and analyzed the results for reliability. In 

the fourth step, each encoder analyzed and coded all textbooks 

independently. The coding reliability was checked again. Finally, the two 

encoders and the physics education specialist discussed each item analyzed. 

Differences between the analyses of the encoders were analyzed and 

discussed until a consensus was reached between the researchers. 

Coding reliability referred to the content analysis reliability formula 

proposed by (K. Li & Xie, 1990), and the stability coefficient R was used as 

the reliability of this category list; the higher the value of stability R, the 

higher the reliability of the category list. The reliability of the textbooks 

analyzed was all at an acceptable level, and the reliability test results are 

shown in Table 2. 
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Table 3. Number of HPSS Contents of Current and Previous Physics 
Textbooks. 

Book 

History of Science Philosophy of Science Sociology of Science Total 

Number Percentage Number Percentage Number Percentage Number 

CT-Book1 21 41% 13 26% 17 33% 51 

PT-Book1 25 51% 8 24% 16 36% 49 

CT-Book2 29 39% 21 28% 24 33% 74 

PT-Book2 30 48% 14 23% 18 29% 62 

CT-Book3 28 42% 13 20% 25 38% 66 

PT-Book3 32 51% 12 19% 19 30% 63 

Total 
PT 78 41% 47 25% 66 34% 191 

CT 87 50% 34 20% 53 30% 174 

 

 

 

Results 

In order to answer the research question, this study describes the amount of 

HPSS content as well as Copiousness in physics textbooks before and after 

the promulgation of the new curriculum standards through quantitative data 

analysis. 

Overview of HPSS 

Table 3 summarizes the amount of HPSS content in current and previous 

physics textbooks, with statistics on the percentage of each of the three 

HPSS disciplines. 

As shown in Table 3, the CT shows a small increase in the amount of 

HPSS content compared to the previous physics textbooks, with all physics 

textbooks analyzed combined increasing from 174 to 191 HPSS content. The 

largest increase in HPSS content occurred in Book 2, with 12 additions. 

Unlike the general changes, the history of science is less represented in 

current textbooks than in previous textbooks, with Book 1, Book 2, and 

Book 3 having fewer corresponding chapters in older textbooks. The 

changing trends in the philosophy of science and the sociology of science are 

similar, both in total and per physics textbook, with the number of current 

textbooks being greater than the number of previous textbooks.  

The amount of sociology of science content has increased in Book 2 

and Book3, from 18 to 24 and 19 to 25, respectively. The current textbooks 

have added several questions on social activities related to science and 

technology, and the current textbooks incorporate these questions into 

exercises for students to discuss.  
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Figure 1. Copiousness of HPSS Contents of Current and 

Previous Physics Textbooks. 

 

 

 

In terms of the proportion of the total in the three disciplines, the 

trend is similar in all three books; the content of the history of science is 

declining as a proportion of the total, and the content of the philosophy of 

science and sociology of science is increasing as a proportion of the total. In 

total, the current physics textbooks still have the highest percentage of the 

history of science content, but the percentage has dropped from 50% in the 

past to 41%. In contrast, the current physics textbooks, although still the 

smallest in terms of the philosophy of science, have increased their share, 

from 20% in the past to 25%. This trend is reflected in all three books, 

particularly in Book 2, where the difference between the history of science, 

the largest component, and the philosophy of science, the smallest 

component, is only 11%. 

The HPSS content of copiousness of CT and PT is presented in 

Figure 1. 

As shown in Figure 1, the HPSS content Copiousness of both CT 

and PT is mainly concentrated in two to three scores, and comparing the 

HPSS content Copiousness of CT and PT, it can be seen that there is no 

significant difference between CT and PT in terms of overall content 
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Copiousness. Focusing on each content, the content of two scores mainly 

consists of plain text with more than 50 words, while the content of three 

scores mainly consists of plain text with more than 50 words and images. 

Only 2 elements were achieved with a score of 6, and both were history of 

science in CT. Comparing the content of History of Science, Philosophy of 

Science, and Sociology of Science, it can be noticed that Copiousness is 

higher in History of Science and Sociology of Science than in Philosophy of 

Science. 

The total number of history of science content in CT is less than that 

in PT, but the number of history of science content with Copiousness scores 

of 5 and 6 is more in CT than in PT, the number of history of science content 

with a Copiousness score of 4 is the same in CT as in PT, and the number of 

history of science content with a low level of Copiousness scores of 3, 2, and 

1 is greater in PT than in CT. The most notable were the two history of 

science cases with a Copiousness score of 6 in CT, one of which was in p50-

p53 of CT-Book1, which contained a total of over 50 words describing the 

process of Galileo’s investigation of the motion of free-fall, several images 

related to the principle of free-fall, a table of the acceleration of gravity 

around the world, and a table that required students to measure the 

acceleration of gravity using a modern tool (smartphone) to measure the 

acceleration of gravity and compare it to Galileo’s idea of measuring the 

acceleration of gravity. 

The highest Copiousness of Philosophy of Science content in both 

CT and PT only went up to a score of 3. There was more Philosophy of 

Science content with a Copiousness of 3, 2, and 1 in CT than in PT, and the 

largest increase was in content with a Copiousness of 1. There was twice as 

much Philosophy of Science content with a Copiousness of 1 in CT (Number 

= 10 ) was twice as high in CT as in PT, and most of this increased 

Copiousness score of 1 Philosophy of Science content was some additional 

information to the learning content, usually one or two short sentences. One 

such case is in CT-Book 3, p4, which expresses the philosophical 

methodology of human understanding of scientific knowledge in an 

annotated form next to the introduction of the law of conservation of charge. 

The search for conserved quantities is one of the most important 

methods of physics in the study of the material world, and it often leads to 

the revelation of objective laws hidden behind physical phenomena. 

The number of science sociology with a Copiousness score of 4 in 

CT and PT is the same as in PT, which is 1 item, and the number of science 

sociology with a Copiousness score of 1, 2, 3, and 5 is greater in CT than in 

PT. There are 4 more items of science sociology content with a Copiousness 

score of 5 in CT than in PT, and there are 7 more items of science sociology 

content with a Copiousness score of 3 in CT than in PT. Sociology content 

CT has 7 more items than PT, these 3-point science sociology are some  
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Table 4. Presentation of HPSS Contents of Current and Previous Physics 
Textbooks. 

Presentation Book 

History of Science 
Philosophy of 
Science 

Sociology of 
Science 

Total 

Number Percent Number Percent Number Percent Number Percent 

Note 
CT 11 14% 18 38% 0 -- 29 15% 

PT 12 14% 8 24% 0 -- 20 12% 

Column 
CT 24 31% 15 32% 34 52% 73 38% 

PT 28 32% 10 29% 22 42% 60 34% 

Main Body 
CT 43 55% 14 30% 32 48% 89 47% 

PT 47 54% 16 47% 31 58% 94 54% 

 

 

 

 

illustrated content, one of the more special is the content in p105 of CT-

Book1, which has the same textual description in p91 of PT-Book1, it is an 

exercise on the civil airliner escape airbags, in CT-Book1, in addition to the 

textual description there is also attached a picture of the real thing to make 

the content richer. 

The HPSS content of the Presentation of CT and PT is presented in 

Table 4. 

As shown in Table 4, CT and PT have some similarities in the 

presentation of HPSS content; the most HPSS content in both CT and PT 

appears in Main Body, followed by Column, and the least in Note. CT and 

PT are a little different in the specific proportion of HPSS content, the 

proportion of HPSS content in Note and Column is more, and the proportion 

of HPSS content in Main Body is less for CT than PT. The proportion of 

HPSS content appearing in Note and Column is greater for CT than for PT, 

and the proportion appearing in Main Body is less for CT than for PT. 

The amount of history of science content presented in CT and PT is 

the same, with Main Boby more than Column more than Note, and more 

than half of the content is presented in Main Body. 

In PT, 47% of the philosophy of science content is presented in the 

Main Body, while 38% of the philosophy of science content in CT is 

presented in Note. It can be found that CT is presented in the form of a note 

adds explicit philosophical thinking to the original content on the history of 

science. For example, in previous textbooks, the scientific history of the 

establishment of the law of universal gravitation is described in detail. In the 

current textbook, the author adds a text in the form of a note next to these 

histories of science, 

Scientific arguments need to be supported by evidence. Kepler’s law 

of motion of the stars, based on the observations of Tycho, supported the law  
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Figure 2. Number of History of Science Contents of Current and 

Previous Physics Textbooks. 

 

 

 

of universal gravitation by the law of planetary motion, and the “Moon-Earth 

test” further validated the law of universal gravitation. 

Neither the CT nor the PT has any of the Sociology of Science 

content in Note form, whereas the percentage of Sociology of Science 

content in Column form in the CT has increased by 10 percent compared to 

the PT, and this content is more in the form of exercises, where several 

questions on social activities related to science and technology have been 

added to the CT and incorporated into the exercises for student discussion. 

For example, on p123 of CT-Book 3, there is an exercise: 

Welding operations produce welding arc light, which is harmful to 

humans. The welding arc temperature is 3,000°C and radiates a large 

number of electromagnetic waves with a frequency of 1.0 × 10
15

 Hz. Which 

type of electromagnetic wave does it belong to, judging by its wavelength? 

Why is it necessary for welders to wear professional protective helmets when 

working? 

Sub-categories of History of Science 

The amount of content in textbooks for the five sub-dimensions of the 

History of Science is presented in Figure 2. 

As can be seen from Figure 2, the distribution of History of Science 

content across the five dimensions is similar in CT and PT. 

H1: The evolution of physical concepts, principles, and laws has the 

most items in the five dimensions of the History of Science in both CT and 

PT, with 30 and 36 items, respectively. They are often placed alongside 

textbook explanations of concepts, such as in Book 1 when explaining the 

calculation of the coefficient of elasticity of a spring, it is mentioned that 
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Figure 3. Number of Philosophy of Science Contents of Current and 

Previous Physics Textbooks. 

 

 

 

The law F = kx was discovered by the British scientist Hooke. 

In PT H5: Scientific thought and scientific spirit has the second 

highest number of items among the five dimensions of the History of 

Science, but in CT the number of items in this dimension drops drastically, 

especially in Book 1, from seven items in PT-Book 1, to CT- two items in 

Book1. The main reason here is that some scientists’ biographies have been 

removed. 

Although the amount of history of science in CT is generally less 

than that in PT, the amount of content in H3: Significant technical 

achievements related to physics is more in CT than in PT, and the amount of 

content in H3 is more in both CT-Book1 and CT-Book3 than in PT. These 

contents introduce some scientific and technological achievements and their 

development history, for example, p126-p127 of CT-Book3 describes in 

detail the development history of the radio telescope FAST and its impact on 

the scientific community. 

The number of H2: The laws of science and technology occurrence 

and development in CT and PT are the same. These contents have not been 

changed much in telling the laws of science and technology occurrence and 

development. 

In both CT and PT, H4: The Evolution of the Approach to the 

Science has the least amount of content among the five dimensions, 

especially Book 3, which has no relevant content in both CT and PT 

Sub-Categories of Philosophy of Science 
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The number of contents of the five sub-dimensions of Philosophy of Science 

in the three books is presented in Figure 3. 

As can be seen in Figure 3, the distribution of Philosophy of Science 

content across the five dimensions is similar in CT and PT. 

P4: Acquisition and testing of scientific knowledge is the most 

frequent item among the five dimensions of Philosophy of Science in both 

CT and PT, with 23 and 14 items respectively. The content of this section 

mainly emphasizes the fact that scientific knowledge is acquired from 

practice, so it often appear in the laboratory activities section of textbooks, 

for example, in the first section of CT-Book1 that consists entirely of 

experimental activities, Experiment: Investigating the Laws of Speed of a 

Cart as a Function of Time, it is written in the form of a comment that 

The laws of physics cannot be obtained by thinking alone, but should 

also be devoted to observation and experimentation. 

The other four dimensions of the philosophy of science in CT and PT 

have a small amount of content, 0-3 places in each book. It is worth 

mentioning that P2: Scientific and logical structure than in CT-Book1 has 2 

more places than in PT-Book1, and in CT-Book3 has one more place than in 

PT-Book3, which is the dimension with the most additions except P4. This 

section reflects the subjective nature of science, for example CT-Book1 p125 

has a note on Planck’s constant 

Planck’s energon hypothesis was a breakthrough in the ideas and 

concepts of classical physics that even Planck himself was hesitant to accept, 

and most physicists of the time naturally had difficulty accepting it. 

Sub-Categories of Sociology of Science 

The number of contents of the five sub-dimensions of the Sociology of 

Science in the three books is presented in Figure 4. 

As can be seen from Figure 4, the four dimensions of the sociology 

of science are unevenly distributed in both CT and PT, with S1: The impact 

of science and technology on society being the most numerous items in both 

CT and PT, with 29 and 24 items respectively. S4: Social issues related to 

science and technology had 23 and 20 items in CT and PT respectively. 

These two sub-dimensions of the sociology of science have some similarities 

in content, but S1 refers to the fact that science and technology have impacts 

on human society that do not necessarily create social issues. S4, on the 

other hand, refers to a social problem that is related to science and 

technology, where the relationship between science and technology and the 

social problem is merely one of correlation, not one-way influence. 

S3: The impact of social activities, and social decisions on science 

and technology is the same in CT and PT, both have only 1 place, it is about  
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Figure 4. Number of Sociology of Science of Current and 

Previous Physics Textbooks. 

 

 

 

the impact of the social context in which Faraday lived on his subsequent 

scientific achievements 

In PT, this story is described as: 

Faraday was born in England to a family of blacksmiths... Faraday 

lived at a time when the first industrial revolution was being completed. The 

application of the steam engine gave birth to the great capitalist industries, 

mankind entered the age of industrial civilization, and the prospect of the 

application of electricity was beginning to emerge; it was a time when giants 

were needed and produced. Faraday was born at the right time …… 

The story has been retained in CT, and a sentence has been added. 

At the time, Britain was at the forefront of scientific, technological, 

and industrial development. 

The original content already contained society’s need for technology, 

and this added information complements the current state of accumulated 

technology in society at the time of Faraday’s discovery of the phenomenon 

of electromagnetic induction. 

Discussion 

The results of this study reveal the situation of HPSS content in CT and, by 

comparing it with PT, some differences in HPSS content in physics 

textbooks after the introduction of the new standards. Based on the statistical 

results, we would like to have some discussions on the writing of HPSS 

content in textbooks and teachers’ use of HPSS content in textbooks. 
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The amount of HPSS content in CT tends to be 

balanced, but Copiousness did not improve significantly. 

The number of HPSS contents in CT increased compared to PT, and the 

number of the three contents of history of science, philosophy of science, 

and sociology of science in CT was more evenly distributed, with only two 

places of difference between history of science and sociology of science, and 

the proportion of philosophy of science contents increased from 25% to 30%. 

The HPSS educational model is a holistic concept to execute the function of 

science education with the coexistence of history of science, philosophy of 

science, and sociology of science. The similar proportion of the three HPSS 

content items in CT textbooks can draw students’ sufficient attention to these 

three items. CT’s choice of HPSS content is more reasonable than the PT in 

which nearly half of the content is history of science, and the reduction of 

the proportion of history of science does not mean that the importance of 

history of science decreases, but on the contrary, through the 

supplementation of philosophy of science and sociology of science, students 

can better understand these historical materials of science. In particular, the 

CT’s addition of several philosophies of science annotations alongside the 

history of science stories will allow students to approach the history of 

science in physics textbooks not only by simply reading a historical story but 

also by hoping to derive methods of scientific inquiry from this historical 

fact of science. 

Although the three main dimensions of the history of science, 

philosophy of science, and sociology of science are somewhat balanced, the 

sub-dimensions under each main dimension, CT, still appeared to be highly 

unbalanced, as did PT. The evolution of the scientific method continues to be 

very low in number in the CT, which may not be conducive to students’ 

understanding of science, especially the paradigms of scientific research, and 

may create a false perception in students’ minds that the scientific method is 

fixed and complete. Almost all of the Philosophy of Science section gathers 

on the fact that scientific knowledge is gained through practice, which can be 

helpful for students to focus on the importance of experimentation in science, 

but the insufficient number of several other dimensions of the philosophy of 

science is not conducive to the development of a complete understanding of 

the nature of science. In the sociology of science section, the section on the 

influence of social factors on science is missing in several books, which may 

allow students to continue to maintain the plain idea of the nature of science 

as objective. 

Unfortunately, the Copiousness of the vast majority of HPSS content 

in the CT did not change from the PT, except for individual HPSS content 

that was able to achieve a score of 6. The lack of student activities is one of 
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the reasons for the low Copiousness of the HPSS content, which may lead 

teachers and students to read this part of the textbook only as reading 

material without thinking deeply about the meaning. The Copiousness of 

Philosophy of Science is the lowest among the three items, and the 

Copiousness of all the contents is below 3. Many of the contents of 

Philosophy of Science added in the CT are only 1. In future revisions, it may 

be possible to consider increasing the Copiousness of the contents of HPSS, 

which will help to increase the attention and interest of teachers and students 

to the contents of HPSS in the textbook. 

Teachers should make full use of the HPSS content in 

textbooks and supplement them with additional reading 

materials as appropriate. 

Through the study of HPSS content in physics textbooks, students can better 

perceive the content of the textbooks in the context of the development of 

science and their own lives, which plays an important role in students’ 

understanding and mastery of knowledge. 

Teachers should make full use of the HPSS content in teaching, not 

only explaining the part of the text and ignoring some notes or columns. The 

HPPS content in CT has increased compared with that in PT, and many of 

them are in the form of columns or notes to expand the content, so teachers 

should selectively explain or allow students to understand some of the HPSS 

content in class according to the actual situation of the students and the focus 

of the HPSS content in the new edition of the textbook. Teachers should 

selectively explain some of the HPSS content in class or let students read it 

after class according to the actual situation of the students they teach and the 

focus of the HPSS content in the new textbook, so as not to waste these 

valuable teaching materials. 

Teachers can supplement some HPSS contents according to the 

actual needs of teaching. Previous studies have pointed out the lack of detail 

of HPSS content in physics textbooks (Brush, 2000; Klassen et al. 2012; 

Niaz et al. 2010, Montgomery & Kumar, 2021; Simon, 2016). For the 

history of science, textbooks appear more often with concepts, principles, 

and laws related to the history of science and the development of scientific 

and technological achievements related to the history of science and 

technology, and when explaining the history of concepts, principles, and 

laws appearing in textbooks, it would be helpful to add some concepts that 

have been disproved in the year they were able to be recognized with a 

reasonable It would be extremely helpful for students to know about NOS 

and to have a deeper understanding of these concepts, principles, and laws. 

The development of technology is rapid. When explaining the scientific and 
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technological achievements appearing in textbooks, it is necessary to consult 

the relevant information in advance and supplement students with the 

development process and the latest progress of these scientific and 

technological achievements in the course of teaching. For Philosophy of 

Science, the new textbook emphasizes the description of the Acquisition and 

testing of scientific knowledge, which is helpful for teachers to emphasize 

the importance of experimentation in science learning. CT has also added 

some content on scientific methodology so that teachers can let students 

discuss how to apply what they have learned in their teaching. For the 

sociology of science, CT attaches great importance to the discussion of the 

relationship between science and society. Teachers can add social hotspots to 

their teaching, and cultivate students’ ability to use their physical knowledge 

to solve practical problems. 

Conclusions 

Overall, this study provides us with a picture of the changing nature of HPSS 

content in physics textbooks and efforts to improve students’ understanding 

of NOS. The results of the study highlight the importance of integrating 

HPSS education into the science curriculum and the need for continuous 

assessment and improvement of textbook content to enhance Copiousness in 

science education. We analyzed the HPSS content in CT and PT using 

content analysis. One of our study was that the amount of HPSS content in 

CT increased compared to that in PT, mainly a decrease in the amount of 

history of science content, with philosophy of science content and sociology 

of science content both increasing. Finding two is that HPSS content 

copiousness in CT is consistent with PT as a whole, with the philosophy of 

science having the lowest copiousness. Finding three is that the sub-

dimensions of the HPSS are very unevenly distributed and have their focus 

in the CT, but may leave students with a lack of understanding of some parts 

of the NOS. 

Limitations and Opportunities for Further Research 

Given the limitations of this study, there are two issues to consider when 

revealing the results. Firstly, there is the issue of the analytical framework; 

there is a close connection between the historical, philosophical, and 

sociological sciences, which is why they are discussed together (Zhang, 

2017). Coding and discussing them separately in this study may have 

fragmented the relationship between the three to some extent. In future 

research, consideration could be given to developing an analytical 

framework that deeply integrates these three disciplines and analyses 

textbooks in a way that is more consistent with HPSS research. 
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The second limitation comes from the fact that this study used 

uniform Copiousness as a criterion for HPSS content quality, which led to 

limitations in our results. Future research should develop the development of 

different quality assessment criteria for different HPSS content, as some 

studies have already done (Klassen et al., 2012; Niaz et al., 2010), to more 

effectively understand changes in HPSS content in textbooks. 
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Abstract: The issue of left-behind children in China has been a 

consequence of its accelerated economic development in the past 
few decades. While there is a large body of literature on the 

physical and mental health states of this group, research on the 

impact of their early left-behind life on their future development, 
particularly on their future mental well-being, has been inadequate. 

This article is a literature review based on 40 prior studies of the 

mental health states of college students as former left-behind 
children in China. It encapsulates research topics, methodologies, 

and tools of these studies and draws the conclusion that these 
college students’ past experiences as left-behind children have 

long-term impacts, primarily unfavorable ones, on their mental 

well-being. Also, the study summarizes the factors that possibly 
affect mental health in this group and proposes certain intervention 

suggestions. 
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Introduction 

ENTAL HEALTH is about the state of emotional, psychological, 

and social well-being of the individual. A mentally healthy 

individual has the capacity to recognize and manage their 

emotions; establish and maintain intimate relationships with others; cope 

with stress and changes in life; and play various social roles in their cultural 

context (Bhugra et al., 2013; Fusar-Poli et al., 2020). A healthy mental state 

enables a person to properly perceive their own value and control over life, 

helping them develop a profound understanding of their internal 

psychological processes (such as emotions and motivations) and external 

behaviors (such as social interactions and workplace performance). Mental 

health is an integral part of overall well-being and substantively influences 

the physical health of the individual. Nevertheless, compared with physical 

problems, mental health issues are less easy to draw the attention of society. 

Amid the accelerated economic development and advancement of 

urbanization in the past few decades, a massive population of rural labor 

forces left their native places to seek better employment opportunities in 

cities. According to the statistics of China’s seventh national census, the 

country had a migrating population of approximately 376 million in 2020 

(Lu et al., 2024). However, the majority of migrant workers were unable to 

have their underage children live with them due to the constraints regarding 

childcare, education, and living conditions. These children were left to the 

care of their relatives in home places and dubbed “left-behind children.” The 

long-time separation from their parents and a lack of parental custody 

brought on a variety of challenges to their growth as well as many social 

issues, which has provoked widespread concerns in Chinese society. Early 

research in this area has focused on the short-term effects of the abnormal 

growth environment on the development of left-behind children in terms of 

educational opportunities, academic performance, physical health, and 

mental development. In recent years, a portion of researchers began to pay 

attention to the long-term effects of their experience as left-behind children 

because they have come to the realization that the negative impact of early 

parent-child separation may endure in the children’s adulthood, despite the 

fact that the parents’ employment in foreign places could successfully 

increase home incomes and input in child education, building a better 

foundation for their future development.  

College students in China are often deemed a group with high risks 

of mental issues as they are at the junction of adolescence and adulthood, 

experiencing multiple kinds of pressures as a result of the change in the 

living environment, academic and employment challenges, and other factors 

(Yu, 2017). Many mental health education practitioners in Chinese colleges 

and universities observed that college students as former left-behind children 

M 
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(hereinafter referred to as FLBC college students), compared with their non-

FLBC peers, are more likely to suffer mental issues, such as low self-esteem, 

unstable emotional states, social withdrawal, and fear of developing a 

relationship with a member of the opposite sex (Zhang, 2006; Yu, 2017). A 

thorough understanding of the impact of the early left-behind life on mental 

health in them is of vital significance for improving their mental well-being 

and increasing their capacity to navigate challenges in adulthood. In this 

context, the present study focuses on investigating the long-term impact of 

childhood left-behind life experience on mental health in Chinese FLBC 

college students by encapsulating and analyzing existing research findings 

from the relevant literature.  

An Overview of Prior Studies 

This study sources literature from the database China National Knowledge 

Infrastructure (CNKI). To ensure the academic quality of the included 

literature, only peer-reviewed articles published by journals listed in “A 

Guide to the Core Journals of China” and the Chinese Social Science 

Citation Index (CSSCI) were included in the screening process. “Left-behind 

children,” “left-behind life experience,” “college student,” and “mental 

health” are the search words. By December 10, 2024, 211 articles had been 

retrieved, among which 40 were identified as valid after duplicate articles 

and articles irrelevant to the research topic were removed. 

The studies included in our review were published between 2012 and 

2023. Among them, 19 discussed the overall mental health states or 

psychological qualities of FLBC college students, and 20 addressed the 

factors influencing their mental well-being and one explores the intervention 

measures for bolstering their mental states. Frequent words in the literature 

related to our research topic include mental resilience, subjective well-being, 

depression, social support, anxiety, suicidal ideation, and childhood traumas, 

manifesting the focuses of these studies. The overwhelming majority of the 

included studies adopt the method of quantitative analysis based on 

questionnaires (N=38); only two of them use the method of qualitative 

analysis based on interviews. Both comprehensive and non-comprehensive 

scales are employed as measurement tools by these studies. Comprehensive 

scales used include the Self-report Symptom Checklist 90 (N=8), General 

Health Questionnaire (GHQ) (N=2), Chinese College Students Mental 

Health Scale (CCSMHS) (N=2), and personality questionnaires (N=4). Non-

comprehensive scales have specific focuses, including the resilience scales 

(N=10), social support scales (N=7), well-being perception scales (N=5), 

trauma scales (N=7), social adaptation scales (N=3), depression scales (N=6), 

self-esteem scale (N=4), suicidal ideation questionnaires (N=3), self-efficacy 

scale (N=3), anxiety scales (N=3), and more (Table 1).  
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Table 1. A Summary of Measurement Tools Used in the 40 Studies 

Categories  
of Scales Types of Scales Subdivisions 

# of 
Studies 

Comprehensive 
scales 

Self-report  Symptom Checklist 90 
(SCL-90) 

 

8 

General Health Questionnaire 
(GHQ) 

2 

Chinese College Students Mental 
Health Scale (CCSMHS) 

2 

Personality questionnaires 

Eysenck Personality Questionnaire，
EPQ 

1 

Chinese Big Five Personality Inventory 

Brief Version，CBF-PI-B 
1 

College Students Personality 
Questionnaires 

2 

Non-
comprehensive 
scales 

Mental resilience scales 

The Connor-Davidson Resilience 

Scale (CD－RISC) 
6 

Resilience Scale for Chinese 
Adolescents (RSCA) 

2 

Chinese Mental Resilience Scale 
(CMRS) 

1 

Short Form of the Resilience Scale 
(SFRS) 

1 

Social support scales 

Social Support Rating Scale (SSRS) 4 

Perceived Social Support Scale 
(PSSS) 

3 

Well-being perception scales 

General Well-Being (GWB) 3 

Subjective Well-Being Scale 1 

Subjective Well-Being Questionnaire 
(self-developed) 

1 

Trauma rating scales 

Childhood Trauma Questionnaire 
(CTQ) 

3 

Childhood Trauma Questionnaire - 28 
item Short-Form (CTQ-SF) 

3 

Social Trauma Questionnaire (STQ) 1 

Social adaptation scales 

College Students Adaptability 
Inventory (CSAI) 

2 

Chinese College Students Adaptation 
Scale (CCSAS) 

1 

Depression scales 

Self-rating Depression Scale (SDS) 4 

Center for Epidemiologic Studies 
Depression Scale (CES-D) 

1 

Beck Depression Rating Scale 1 

Self-esteem scale Rosenberg Self-Esteem Scale (SES) 4 

Suicidal ideation questionnaires 

Suicidal Behaviors Questionnaire – 
Revised (SBQ-R) 

1 

Reasons for Living Inventory for 
Adolescents (RFL-A) 

1 

Purpose in Life Test (PIL) 1 

Self-efficacy scale General Self-Efficacy Scale (GSES) 3 

Anxiety Scales 
Self-Rating Anxiety Scale (SAS) 2 

Interaction Anxiousness Scale (IAS) 1 

Obsessive Compulsive Inventory 
Revised (OCI-R) 

 

1 

Adolescent Self-Rating Life Events 
Check List (ASLEC) 

2 

Security Questionnaire (SQ) 2 

Coping Style Questionnaire (CSQ) 2 
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Adversity questionnaires 

Adversity Quotient，AQ 2 

Perceived Social Adversity 

Questionnaire，STQ 
1 

Buss-Perry Aggression 
Questionnaire (BPAQ-CCSV) 

 

2 

Rejection Sensitivity 
Questionnaire, RSQ 

1 

The Depression Anxiety Stress 
Scale (DASS) 

1 

UCLA Loneliness Scale 1 

Self- Acceptance Questionnaire 
(SAQ) 

1 

Social Avoidance and Distress 
Scale (SAD) 

1 

Self-compassion Scale (SCS) 1 

College Student Behavior Problem 
Scale (CSBPS) 

1 

Positive Affect and Negative Affect 
Scale (PANAS) 

1 

Positive Mental Characters 
Questionnaire (PMCQ) 

1 

 

 

 

 

Mental Health States of FLBC College Students 

The literature reveals that the overall mental health standard of FLBC 

college students is significantly lower than that of non-FLBC ones (Zhan et 

al., 2016; Luo & Zhou, 2017; Zang et al., 2018; Cheng & Jiang, 2021). 

Specifically, there are higher detection rates of severe mental problems and 

common mental problems in the former than in the latter (Liu et al., 2015; 

Chen et al., 2017). FLBC college students are more likely to suffer from 

psychological disorders, including but not limited to somatization, obsessive-

compulsive symptoms, inordinate interpersonal sensitivity, depression, 

anxiety, hostility, terror, paranoia, and psychoticism (Yang et al., 2014). 

These findings suggest that the negative impacts of the child’s early left-

behind life are not limited to their childhood but may extend to their 

adulthood. The mental health issues of FLBC college students are not only 

harmful to their academic life but also hamper their interpersonal 

communication and future career development. Prior studies have looked at 

the mental health states of this group from the following aspects: 

 Subjective Well-being: Subjective well-being, also known as self-

reported well-being, is an individual’s self-evaluation of their quality of 

life and mental state, often used to measure their mental health and 

happiness as well as serving as an indicator of their social functioning 

and adaptation (He, 2012). According to Zhao et al.’s (2013) and Zhou 

et al.’s (2014) research findings, college students reported significantly 
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lower levels of subjective well-being than their non-FLBC counterparts. 

Wang and Xu (2023) went further to reveal that FLBC college freshmen 

perceived significantly lower well-being in the dimensions of life 

satisfaction/interest and relaxation/tension, compared to their non-FLBC 

peers. All these studies point to the early parent-child separation leading 

to compromised subjective well-being in FLBC college students as a 

result of the low quality of life and negative emotions they experienced.  

 Social Adaptability: Social adaptation, a process of adapting oneself to 

constant change in the social environment, is the key to the socialization 

of the individual. Adjusting to the shifts in the external environment 

helps them maintain inner peace and mental healthiness (Sun et al., 

2023). Yang et al.’s study (2021) finds that FLBC college students have 

lower performance in social adaptation than their non-FLBC 

counterparts. As per Sun et al.’s (2023) study, social maladaptation of 

FLBC college students is primarily manifested in their inability to 

establish and maintain desirable interpersonal relationships or to adapt to 

new roles in a changed environment. Zhang et al. (2017) argued that 

FLBC college students had difficulty integrating with their peers, 

although not all of them performed badly in social adaptation. 

According to Ji and Han’s (2023) study, a portion of persons with prior 

left-behind life experience could still realize positive social development, 

able to develop a close relationship with parents, peer relationships on 

an equal footing, extroverted personalities, stable emotions, and self-

efficacy. This finding indicates that FLBC college students’ early life is 

not the decisive determinant of their social adaptability despite its 

potentially negative impact on their growth. 

 Mental Resilience: Mental resilience, or psychological resilience, is the 

ability to cope mentally and emotionally with tough events, such as the 

adversity, trauma, tragedy, and threat, and return to pre-crisis status 

quickly (Song et al., 2020). Prior comparison analyses find that FLBC 

college students score lower in mental resilience testing than the non-

FLBC group (Yang et al., 2014; Han et al., 2017; Song et al., 2020), 

showing that the previous left-behind life experience is not favorable for 

psychological resilience development in them. Lower levels of 

psychological resilience, in return, make it more difficult for FLBC 

college students to recover from adverse events or negative emotions, 

which may lead to significant psychological problems. This is evidenced 

by Zhang and Xu’s (2022) research findings that for students with lower 

levels of psychological resilience, traumatic experiences are more likely 

to lead to negative emotions, whereas among those with higher levels of 

psychological resilience, the impact of traumatic experiences on 

emotions is less significant. 
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 Depression Symptoms and Adverse Life Events: There are higher 

detection rates of depression symptoms in FLBC college students than 

in their non-FLBC peers (Han et al., 2017; He et al., 2018). Moreover, 

there is a significant correlation between their depression level and the 

frequency of adverse life events encountered (Li et al., 2017). FLBC 

college students are more likely to experience frustrations in romantic 

relationships and conflicts with family members, as well as other 

adverse events such as failures in selection activity, being criticized or 

punished, dropping out, fighting with others, etc. High incidence of 

adverse events In FLBC, college students make them more vulnerable to 

depressive disorders. 

 Other Negative Emotions and Problematic Behaviors: In addition to 

depression, childhood left-behind life experiences have other emotional 

consequences in FLBC college students, such as anxiety (Yi & Zhang, 

2018; Liang et al., 2019), a lack of self-efficacy (Jie et al., 2021), and 

security, particularly interpersonal security (Gan et al., 2017). A more 

concerning psychological issue in FLBC college students is the higher 

levels of suicidal ideation in them (Liu & Wang, 2017; Gan et al., 2017). 

In addition, FLBC college students are more likely to develop the 

obsessive-compulsive tendency, which is corroborated by Liu et al.’s 

(2019) research finding that the detection rate of the obsessive-

compulsive disorder in this group is 26.5%, substantially higher than the 

normal level. Also, there is a higher incidence of problematic behaviors 

in FLBC college students than their non-FLBC peers. They are more 

likely to display impulsive or hostile tendencies in response to 

undesirable stimuli and even resort to aggressive behavior in extreme 

cases (Li et al., 2019; Jin et al., 2019; Chen et al., 2022). These 

behavioral problems bring damage to their interpersonal relationships.  

 Positive Impacts: Aside from the above negative consequences, FLBC 

college students’ early life may generate certain positive effects for their 

mental development. According to Wen and Zeng’s (2012) study, FLBC 

college students can actively react to challenges by adopting positive 

coping strategies like rationalizing the issue and seeking other’s 

assistance. This may be the outcome of their early-year experiences of 

having to confront difficulties in life and education and solve all sorts of 

problems independently in the absence of their parents. Also, Dong and 

Qi's (2014) study finds that the majority of FLBC college students have 

stronger senses of life purpose than their non-FLBC peers. Research 

findings like these imply the necessity of examining the impact of the 

early left-behind life on mental health in FLBC college students from a 

broader perspective, taking both the potentially negative and positive 

consequences into consideration. 
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Factors Related to the Mental Well-Being of FLBC 

College Students 

External Factors 

 Childhood Traumas: Zhang and Xu’s (2022) study finds that 63.9% of 

FLBC college students sampled had traumatic experiences, which is 

overwhelmingly higher than the normative level. These traumatic 

experiences include, but are not limited to, emotional, physical, and 

sexual abuse and emotional and physical neglect. The literature reveals a 

close relationship between childhood traumas and adulthood mental 

issues in FLBC college students. According to Pan et al. (2019), 

childhood traumas have a direct effect on the mental health states of this 

group, with an effect size of 0.247. A bigger number of childhood 

traumatic experiences predicts a higher risk of social maladjustment and 

a lower level of mental health in FLBC college students (Sun et al. 

(2023); early traumatic experiences have a positive correlation with 

aggressive behavior in these students (Jin et al., 2019); childhood 

emotional traumas directly and positively predict social anxiety among 

them (Zhang et al., (2022). Drawing on the schema therapy theory, Qin 

et al. (2019) delved into how childhood traumas influenced adulthood 

mental health and discovered that children who suffered abandonment, 

abuse, neglect, and rejection during childhood could develop schemas 

related to such themes as “loss” and “worthlessness,” due to their unmet 

basic needs for stability, security, and loving nurturing. These schemas, 

as the core patterns for individuals to process external information, can 

profoundly influence their emotional responses to life events. In later 

similar scenarios to childhood traumatic events, these early maladaptive 

schemas can be easily activated, leading to a recurrence of negative 

emotions like self-worth denial and distrust in others, thereby increasing 

the incidence of psychological problems in them. This finding provides 

a valuable implication for intervention of mental health issues among 

FLBC college students: the intervention should address not only the 

direct impacts of their past traumatic experiences but also the 

consequences of latent maladaptive schemas. Cognitive reconstruction 

and behavioral training, among other devices, may be helpful in 

correcting unfavorable schemas and improving mental health in this 

group. 

 Social Support: Social support is about supportive behaviors from others, 

such as approval, respect, care, and assistance that an individual 

perceives or experiences; it can come from many sources, such as family, 

friends, organizations, etc. (Zhan et al., 2016). Prior studies suggest that 
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social support is significantly predictive of positive mental states in 

FLBC college students (Xie, 2015; Wang & Xu, 2023). Support from 

the family, peers, and the school is a key factor for their healthy 

development; detrimental incidents like school bullying and parental 

emotional neglect can lead to increased negative emotions, impairing 

their mental well-being. For instance, they may internalize parental 

neglect and deem themselves a burden on their parents, developing a 

pessimistic mentality of their existence (Zheng, 2021). In the meantime, 

their previous life as left-behind children also poses a negative impact 

on their perception of social support. In her interviews with FLBC 

college students, He (2013) discovered that this group had difficulty 

communicating properly with their parents and were unwilling to turn to 

them for help when encountering troubles. This means they not only 

perceive lower levels of social support but also have lower levels of 

motivation for leveraging external support. Hence, it is important to 

improve the social support system for FLBC college students, which 

involves their family, peers, and the school, while also assisting them in 

developing a legitimate self-concept as well as the capacity for 

navigating life challenges by providing specialist counseling and 

mentoring. 

 Home Atmospheres and Parenting Style: The family environment and 

home education are key to the character formulation and development of 

the individual. There is a significant relationship between family 

atmospheres and the mental health state in FLBC college students; the 

more harmonious the family relationships, the healthier the psychology 

of the FLBC college student (Cheng & Jiang, 2021). Also, the 

upbringing style is a critical factor for the mental development of FLBC 

college students. Both harsh and permissive upbringings can possibly 

lead to obsessive-compulsive disorders in this group (Liu et al., 2019). 

Unscientific upbringing may instigate neurotic personality tendencies in 

the younger generation, causing social interaction problems like 

emotional instability, self-centeredness, tension, and anxiety (Liu & 

Wang, 2017). Poor interpersonal communication can, in return, 

exacerbate the mental problems of the individual. Therefore, guiding 

households with left-behind children to create a desirable home 

environment and adopt legitimate upbringing practices is of vital 

importance for the long-term mental development of their younger 

generation. 

 Parent-Child Separation Patterns: The duration of separation from 

parents, frequency of communication with migrating parents, and the 

number of parents absent (i.e., one or two parents working outside the 

homeplace) can all have impacts on the child’s mental health in 

adulthood (Dong & Qi, 2014; Zhang et al., 2017; Chen et al., 2017; 
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Liang et al., 2019; Cheng & Jiang, 2021). Enduring parent-child 

separation, low frequency of parent-child communication (less than once 

every month) in separation, and the absence of both parents or the 

mother are factors contributing to mental health problems of FLBC 

college students. On the other hand, He (2012) made the point that it 

was the quality rather than the frequency of parent-child communication 

matters more during the separation. Hence, it is important for the 

migrating parents or parent to maintain adequate, quality interaction 

with their children to mitigate the adverse effects of their absence on the 

latter’s mental health development.  

Personal Factors 

 Gender: There are detailed analyses of the relationship between gender 

and the mental health state in FLBC college students in the literature. 

According to Wen and Ma (2021), symptoms like psychoticism and 

interpersonal sensitivity are more common in male FLBC college 

students, as opposed to depressive and hostile emotions in their female 

counterparts. The incidence of problematic behaviors, particularly those 

moderate- and severe-level ones, is higher in male FLBC college 

students than in their female peers (Li et al., 2019). Comparatively, boy 

FLBC college students have lower levels of self-esteem and mental 

resilience and are more likely to produce psychosomatic reactions when 

encountering adverse, stressful events (Han Li et al., 2017). Girl FLBC 

College students score higher in subjective well-being and life 

satisfaction (He, 2012; Zhao et al., 2013). This may be due to the 

variations in social characteristics between the two gender groups: girls 

are more inclined to find someone to talk their problems through and 

seek out assistance when facing difficulties and pressures, while boys 

are more likely to choose to go through a difficult time independently, 

which is not conducive to the release of psychological stress. In addition, 

Liu et al.’s (2015) study finds that female FLBC college students benefit 

more from the positive effects of the early left-behind life experience, 

possibly because girls typically mature earlier and are more ready to 

take on the roles and responsibilities of their parents in their absence. On 

the other hand, despite their slightly higher level of mental health across 

the board, female FLBC college students received less social support 

than their opposite sex, which leads to their scoring higher in the 

dimensions of paranoia and fear. This may be attributable to the 

influence of the son-preference tradition in Chinese society (Zhan et al., 

2016). Under this tradition and the stringent supervision over girls from 

their grandparents, female left-behind children could actually access less 

social support. 
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 Age: The literature reveals a decline in the incidence of mental problems 

in FLBC college students with the increase of their ages. As their grades 

advance, FLBC college students undergo cognitive progress, develop 

more effective coping strategies for academic pressures and adverse 

events, and become better adapted to college life. Han et al.’s (2017) 

research results demonstrate that first-grade FLBC college students have 

higher levels of mental well-being than second-grade ones. Despite such 

a positive tendency, FLBC college students still have higher mental 

health risks at certain critical points like graduation, postgraduate 

program application, and employment (Liu et al., 2015). These research 

findings imply that psychological counseling services for FLBC college 

students should focus more on the first and fourth graders in this group. 

 Psychological Qualities: Prior studies also find that positive 

psychological qualities can successfully moderate the negative effects of 

the childhood left-behind life on mental health in FLBC college students. 

First, individuals with high levels of mental resilience can continuously 

work hard towards established goals, managing negative emotions 

carefully, viewing setbacks and adversities rationally, and being more 

ready to seek for assistance from family and others (Yang et al., 2014). 

This psychological quality is favorable for lowering the risk of mental 

disorders in FLBC college students (Yue et al., 2019; Liang et al., 2019). 

Second, personal beliefs about adversity, entailing the individual’s 

perceptions of the nature, causes, and consequences of adversities, as 

well as coping strategies for them, could be a valuable resource (Xie, 

2015). If the adversity is not merely seen as a disadvantage but also an 

opportunity, its negative impact on the individual experiencing it can be 

significantly lessened. Ji and Han’s (2023) research findings 

demonstrate that those FLBC college students with positive beliefs 

about adversity are less susceptible to the mental health consequences of 

their early left-behind life. Third, the ability to develop active coping 

strategies is a protective factor for healthy mental development in FLBC 

college students, potentially making up for the deficits in social support 

accessible to them (Jie et al., 2021). On the other hand, the literature also 

discusses certain negative psychological qualities that may exacerbate 

the mental health consequences of childhood left-behind life in FLBC 

college students. Yang et al. (2021), for example, investigated the 

relationship between rejection sensitivity and the mental health state in 

this group. Rejection sensitivity is about the individual’s vulnerability to 

social rejection and tendency to overreact to it. FLBC college students 

with higher levels of rejection sensitivity are more likely to develop 

negative emotions after perceiving rejection, leading to a decline in their 

social adaptability. 
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Discussion 

Our review of existing investigations of the mental health states of FLBC 

college students shows that the early left-behind life potentially has a long-

term impact on the mental well-being of the individual. Its mental health 

consequences can possibly endure until their college years, or even longer. 

These negative consequences include low subjective well-being, hampered 

social adaptability, a lack of mental resilience, and susceptibility to negative 

emotions such as depression and anxiety. It is noteworthy that prior research 

results also indicate the possibility that this childhood experience becomes a 

positive driver for their future mental development. 

Factors influencing the mental health states of FLBC college students 

are many, including external factors, such as the availability of social 

support, childhood traumatic incidents, family upbringing style, and parent-

child separation pattern, and personal ones like gender, age, and 

psychological qualities of the student. Furthermore, there exist mutual 

interactions between these factors (Liu et al., 2019), pointing to the 

complexity of the issue of mental health in this group and making relevant 

invention a challenging task. Currently, research on psychological 

intervention for FLBC college students remains scarce. Among the 40 

studies included in this review, only Zhang (2018) investigated the effects of 

psychological intervention in improving the mental well-being of this group. 

This study finds that Naikan Cognitive Therapy (NCT) is effective in 

enhancing the levels of mental resilience and perceived social support in 

FLBC college students. This may be because NCT encourages the subjects 

to perceive the love and care from their loved ones and friends, thereby 

facilitating their integration into the family and other environments and 

successfully improving their social psychological capability. 

An important implication of Zhang’s (2018) research finding is that 

the various mental health risks faced by FLBC college students can be 

alleviated by effective interventions. To prevent the long-term negative 

impacts of the early left-behind life, the interventions should be administered 

to left-behind children in both the period of their separation from parents in 

childhood and the post-childhood period.  

During the separation from their parents, left-behind children suffer a 

variety of challenges, such as a lack of parental companionship, financial 

difficulties, and peer bullying. These challenges not only pose damage to 

their childhood lives but also have far-reaching negative impacts on their 

mental health as adults (Zheng, 2021). In addition, left-behind children 

experience heavier academic pressures than their non-left-behind peers 

because of their strong desire for academic success, which they hope can 

bring changes to their own fate as well as their parents’ status as migrant 

workers. This results in high motivation levels and academic achievement 
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targets in this group. Yet, due to the shortages of high-quality educational 

resources in rural areas, they need to put in more effort than their urban peers 

to obtain higher education opportunities, which evidently causes them 

additional academic pressures. Among these negative factors, Li et al. (2017) 

ranked the long-term separation from parents as the most detrimental one, 

followed by the overly heavy academic burdens and the family’s financial 

difficulties. This indicates that parents of left-behind children should pay 

more attention to keeping stable and warm parent-child communication, 

enabling their kids to perceive their love and care in their absence via means 

like the video call. At the same time, the school and the community should 

strengthen support for left-behind children, providing supplementary tutoring, 

after-school entertainment, and psychological counseling if needed, to ease 

their academic pressures and help them alleviate loneliness and senses of 

inferiority and improve self-esteem and social skills.  

In effect, the majority of Chinese parents as migrant workers have 

realized parent-child separation is detrimental to the kids’ growth. Some of 

them have opted to have their kids live with them, making the latter “migrant 

children.” This approach is far from ideal even though it significantly 

increases parental companionship. According to Cheng and Jiang’s (2021) 

study, college students as former migrant children, generally, exhibit a 

higher mental health standard than those as former left-behind children, a 

standard comparable to that of ordinary students; still, they suffer higher 

pressures and perceive inadequacy in social support like their peers as 

former left-behind children do. Therefore, it is important for migrant worker 

parents to pay attention to their kids’ needs for emotional support even if 

they can have their children live with them.  

Furthermore, mental health support for left-behind children should 

continue after they enter adulthood. For those proceeding to tertiary 

education, the school should consider their family background and provide 

them with personalized psychological support and professional counseling, 

assisting with their adaptation to college life. Psychological counseling 

providers should focus on guiding FLBC college students to develop an 

objective understanding of their early left-behind life, learning to examine 

the positive and negative sides of their childhood experience no matter how 

painful it was. Also, establishing a mutual support group for FLBC college 

students is beneficial for their access to peer assistance. At the same time, 

the parents of FLBC college students ought to continue to give their adult 

children emotional support, encouraging them to share mental perplexities 

and confront mental issues with the assistance of parents. Additionally, 

society should increase their awareness of mental health issues of FLBC 

college students, working to create an inclusive and supportive social 

environment for this group.  
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Conclusion 

Based on 40 prior studies on the mental well-being of Chinese FLBC college 

students, this survey reveals the long-term impact of the early left-behind life 

on mental health in this group. It also finds that the literature primarily 

focuses on the mental health issues in FLBC college students, as well as the 

factors related to them, but pays disproportionately inadequate attention to 

interventions in this regard. This area deserves more research in the future. 

Furthermore, the majority of the studies included in this review are cross-

sectional analyses, and the several longitudinal analyses in the literature do 

not show sufficiently extended observation spans. To delve in depth into the 

patterns of the impact of the childhood left-behind life and explore relevant 

interventions, more longitudinal follow-up studies are warranted.  

The limitations of this study should also be acknowledged. The 

search for relevant studies is inexhaustive, constrained by our literature 

searching method. In the meantime, it should be noted that the mental health 

consequences of the childhood left-behind life are not confined to FLBC 

college students. Certain studies demonstrate that the early left-behind life 

predicts a significantly slimmer chance of the individual’s proceeding to 

higher education (Hu & Yan, 2020; Xie & Zhao, 2022). That means FLBC 

college students constitute only a very small portion of the adults with 

childhood left-behind life experience. Other groups with the same experience 

may face even more challenges and difficulties. Researchers need to pay 

comparable attention to them in order to examine the impact of the early left-

behind life on mental development from a broader perspective. 
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Abstract: This study aims to examine the effects of reflective 
learning on the quality of English writing in Chinese university 

students using the Coh-Metrix tool and the students’ reflective 
journals. According to its research findings, reflective learning had 

significantly positive effects on the students’ quality of English 

writing in terms of content/ideas, organization/development, and 
language. Furthermore, reflective learning significantly improved 

the lexical diversity of their English writing; it also enhanced the 
cohesion and coherence of their writing through the improvement 

in referential coherence and semantic overlapping. Thematic 

analysis of the subjects’ reflective journals corresponds to these 

findings while also indicating that reflective learning helps elevate 

their self-efficacy in English writing. 
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Introduction 

EFLECTIVE Learning is an instructional approach based on the 

student-centered philosophy of education, aimed at improving 

students’ learning outcomes by prompting their deep contemplations. 

Underlying this learning method is the experiential learning theory and 

lifelong learning theory. It places heavy weight on the learner’s self-

adjustment and self-regulation with a special emphasis on the value of 

reflection in the whole learning cycle. Ongoing reflection contributes to the 

results of learning by optimizing the learning process and supporting self-

directed learning (Ren, 2017). Despite the many studies of the application of 

reflective learning and its effects in various areas, there has been inadequate 

research on its effectiveness in English writing instruction, particularly in the 

Chinese context. This study focuses on examining the effects of reflective 

learning on the quality of English writing in Chinese university students, 

drawing on the Coh-Metrix tool and the students’ reflective journals, with 

the view of providing valuable insights into college English writing 

instruction improvement and writing proficiency enhancement in this group.  

Literature Review 

Among the multiple theoretical underpinnings of reflective learning, 

Dewey’s (1933) reflective thinking theory could be the earliest source. 

Dewey defined reflection as the process of combining current ideas with past 

experiences to solve problems. He contended that even though a positive 

learning environment could help engage students in meaningful learning, 

learning experience alone was not enough to enable the student to develop a 

deep understanding of knowledge and stressed that reflection was an 

essential factor in successful learning. Kolb (1984), in his research on 

experiential learning, claimed that the learning process consists of four basic 

steps: experience, reflection, abstraction, and application, with reflection 

being the core step in acquiring new knowledge. Schön (1987) described the 

individual’s reflective ability as the bedrock of knowledge application and 

professional development, with the potential to improve their self-awareness, 

problem-solving, and critical thinking. Hatton and Smith (1995) emphasized 

that critical reflection is crucial for fostering the student’s critical thinking 

ability, which was supported by Alfaro-Lefevre’s (1995) and Kennison and 

Misselwitz’s (2002) studies, both of which suggest that reflection assists 

students in deepening their understanding of knowledge and developing 

critical thinking by prompting deep contemplations and logical analyses.  

Researchers have looked into the application of reflective learning 

from various perspectives. For instance, Cui (2006) argued that reflection 

training could enable the student to transition from fact presentation-focused 

R 
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reflection to higher-order reflection with a noticeable improvement in 

metacognition in language learning. Barney and Mackinlay’s (2021) and Liu 

et al.’s (2021) studies suggest that reflective learning has significantly 

positive effects on critical thinking development and learning outcomes in 

students. As per Zhao and Sun (2019), WeChat-assisted reflective learning 

could help promote mutual learning among students and enhance their 

critical thinking ability. Regarding the roles of reflective journals in learning, 

Vygotsky (1986) emphasized that they could facilitate students connecting 

their thoughts and actions through inner dialogue. Moon (1999) and Boud 

(2001) argued that reflective journals have the potential to engender deep-

level critical thinking and optimize learning outcomes. Xue’s study (2021) is 

a practical validation of the effectiveness of reflective journals in enhancing 

writing instruction.  

As a valuable tool for recording and analyzing the student’s learning 

process, reflective journals play a salient role in upgrading their 

metacognition, which is of extraordinary significance in language teaching. 

According to Lin’s (2012) study, reflective journals are favorable for critical 

thinking development and language proficiency improvement in English 

majors while also facilitating the English teacher's understanding of their 

learning needs and difficulties. In language instruction, reflective journals 

are conducive to the cultivation of analysis, reasoning, and evaluation 

abilities (Chang & Lin, 2014; Zhang, 2014; Li, 2021), as well as the 

development of metacognitive strategies and emotional attitudes in students 

(Cazan, 2018; Lina, 2019). Li and Li’s (2023) study finds that reflective 

journals can assist students in lesson review and self-monitoring as well as 

weakness and gap identification in language learning, who can seek out 

resolutions and create targeted learning schemes accordingly. 

To recap, with solid theoretical foundations and salient practical 

value, reflective learning has showcased significant effects in enhancing 

knowledge comprehension, metacognition, and self-directed learning. 

Nevertheless, research on its application in English writing instruction in 

Chinese universities remains scarce. More exploration of the effects of 

reflective learning on the quality of English writing of Chinese college 

students is, therefore, of practical significance. 

Research Design 

Research Questions 

Q 1: What are the effects of reflective learning in improving the 

overall quality of English writing of Chinese university students? 
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Q 2: What are the specific effects of reflective learning on lexical 

diversity, syntactic complexity, and cohesion and coherence of English 

writing? 

Q 3: What are the improvements that reflective learning makes on 

students’ English writing as indicated by the self-evaluation and feedback in 

their reflective journals? 

Research Subjects 

This study includes as subjects seven undergraduates majoring in English at 

Guangxi University of Foreign Languages, who were promoted as the 

participants of the provincial-level English language preliminaries of the 

“2023 National Talent Cup” Foreign Language Proficiency Competition 

sponsored by the Foreign Language Teaching and Research Press. A pretest 

was administered to them on September 26th of 2023, and a posttest on 

October 31st of the same year. During the interval, we offered them 

intensive writing training applying the reflective learning theory. The 

training program included the delivery of basic concepts of writing and 

writing techniques, analyses of writing topics from previous competitions, 

elaborations on excellent model essays, and sharing of relevant experiences. 

Every week, the students did 1-2 writing exercises with a time limit and 

compared their writing with model essays. They were required to write a 

reflective journal as well as modify their writing after each exercise. The 

content of the reflective journal entails multifarious aspects, such as the 

initial conception, choice of words, themes, and techniques of their writing; 

challenges of writing; the progress they make; the assistance they need from 

the instructor; and the value of the reflective journal itself. Subsequently, we 

gave them both collective feedback and one-on-one direction on writing and 

reflection. Finally, a total of 192 essays, including the 28 pretest and posttest 

essays (14 pieces of argumentative writing and 14 pieces of expository 

writing) and 49 reflective journals were obtained. We included the 14 

argumentative essays from the pretest and posttest and 49 reflective journals 

in our analysis to examine the effects of reflective learning on the students’ 

quality of writing. 

Research Instruments 

In this study, Coh-Metrix, a language processing program, was used to 

analyze the students’ English essays. Coh-Metrix 3.0 is a free, automated 

evaluation tool that can extract data on language features from texts and 

discourse (McNamara et al., 2014). It was adopted to calculate 29 linguistic 

indices of the texts of the subjects’ writing in five dimensions: lexical 

diversity, syntactic complexity, use of connectives, referential cohesion, and  
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Table 1. Variables and Indices from Coh-Metrix Relevant to the Study. 

Nos. 

Indices in  
Coh-Metrix 
3.0 Description Variables 

1 LDTTRc Lexical diversity, type-token ratio, content word lemmas 

Lexical 
Diversity 

2 LDTTRa Lexical diversity, type-token ratio, all words 

3 LDMTLD Lexical diversity, measure of textual lexical diversity (MTLD) 

4 LDVOCD Lexical diversity, vocabulary diversity (VOCD) 

5 SYNLE Left embeddedness, words before main verb, mean 

Syntactic 
Complexity 

6 SYNNP Number of modifiers per noun phrase, mean 

7 SYNMEDpos Minimal Edit Distance, part of speech 

8 SYNMEDwrd Minimal Edit Distance, all word 

9 SYNMEDlem Minimal Edit Distance, lemmas 

10 SYNSTRUTa Sentence syntax similarity, adjacent sentences, mean 

11 SYNSTRUTt 
Sentence syntax similarity, all combinations, across paragraphs, 
mean 

12 CNCAll All connectives incidence 

Connectives 

13 CNCCaus Causal connectives incidence 

14 CNCLogic Logical connectives incidence 

15 CNCADC Adversative and contrastive connectives incidence 

16 CNCTemp Temporal connectives incidence 

17 CNCAdd Additive connectives incidence 

18 CRFNO1 Noun overlap, adjacent sentences, binary, mean 

Referential 
Cohesion 

19 CRFAO1 Argument overlap, adjacent sentences, binary, mean 

20 CRFSO1 Stem overlap, adjacent sentences, binary, mean 

21 CRFCWO1 Content word overlap, adjacent sentences, proportional, mean 

22 CRFNOa Noun overlap, all sentences, binary, mean 

23 CRFAOa Argument overlap, all sentences, binary, mean 

24 CRFSOa Stem overlap, all sentences, binary, mean 

25 CRFCWOa Content word overlap, all sentences, proportional, mean 

26 LSASS1 LSA overlap, adjacent sentences, mean 
LSA 
(Latent 
Semantic 
Analysis) 

27 LSASSp LSA overlap, all sentences in paragraph, mean 

28 LSAPP1 LSA overlap, adjacent paragraphs, mean 

29 LSAGN LSA given/new, sentences, mean 

 

 

 

 

latent semantic analysis (Table 1), for the purpose of evaluating the quality 

of their writing from multiple aspects. We also conducted thematic analysis 

on the subjects’ reflective journals to obtain an in-depth understanding of the 

impact of reflective learning on their quality of writing. The combination of 

quantitative and qualitative analysis is to lend credence to the findings of our 

research. 

Research Procedures 
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Table 2. The Rating Scale for Argumentative Writing. 

Content/Ideas 
40points 

 Writing effectively addresses the topic and the task; 
 Writing presents an insightful position on the issue; 
 The position is strongly and substantially supported or argued. 

Organization/ 
Development 
30 points 

 Writing is well-organized and well-developed, using appropriate rhetorical devices 
(e.g. exemplification, classification, analysis, comparison/contrast, etc.) to support 
the thesis or to illustrate ideas; 

 Writing displays coherence, progression, consistency and unity; 
 Textual elements are well-connected through explicit logical and/or linguistic 

transition. 

Language 
30 points 

 Spelling is accurate; 
 Writing displays consistent facility in use of language; 
 Writing demonstrates appropriate register, syntactic variety, and effective use of 

vocabulary. 

 

 

 

 

First, we engaged two senior English writing instructors to separately rate 

the 14 argumentative essays using the rating scale for argumentative writing 

developed by the organizing committee of the “2023 National Talent Cup” 

Foreign Language Proficiency Competition. The scale evaluates 

argumentative writing in three dimensions: content/ideas, organization/ 

development, and language (Table 2). The two raters received necessary 

training to ensure they have an identical understanding of the rating criteria. 

Also, a reliability test was conducted on the scoring results to generate a 

Cronbach’s Alpha coefficient of 0.916, which indicates a high level of 

agreement between the ratings of the two graders. The average of the scores 

given by the two raters to each essay was seen as an indicator of its overall 

quality standard. 

Subsequently, we conducted thorough analysis of the textual features 

of the subjects’ essays using Coh-Metrix and saved the results with Excel 

spreadsheets for the following data processing and analysis. Data on the 29 

indices went through statistical analysis with SPSS 21.0. Specifically, paired 

samples t-tests were carried out to determine whether the differences 

between pretest and posttest data are statistically significant, in order to 

establish evidence for the impact of reflective learning on the students’ 

quality of English writing. 

After that, thematic analysis was applied to the subjects’ reflective 

journals with software NVivo12, a qualitative analysis tool, using methods 

like word frequency identification and text screening. Thematic analysis is a 

process of identifying recurring patterns of meaning or themes that are 

relevant to research objectives and conceptually categorizing these patterns 

of meaning to interpret the phenomenon presented in the study (Merriam, 

1998). Additionally, we engaged two specialists to review the extracted 

themes to avoid the potential subjective biases of the researchers. 
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Findings and Discussion 

The Effect of Reflective Learning on the Overall 

Quality of Students’ English Writing 

According to the paired samples t-test results (Table 3), there are statistically 

significant score differences between pretest and posttest writing (t = -10.856, 

p < 0.001), showing significant improvement after the intervention. 

Moreover, there are also statistically significant score differences in the 

specific dimensions of content/ideas (t = -8.741, p < 0.001), 

organization/development (t = -3.382, p < 0.01), and language (t = -7.129, p 

< 0.001). These results indicate that reflective learning had a significantly 

positive effect on the students’ quality of English writing. The paired 

samples t-test results also show that the effect sizes of the intervention in the 

dimensions of organization/development (Cohen’s d = 0.636) and language 

(Cohen’s d = 0.690) are both above the moderate level. The effect sizes for 

the overall quality of writing and the dimension of content/ideas are both 

above 0.8, which are of high levels according to Yockey’s (2010) standards, 

indicating substantial improvement of the subjects’ English writing in these 

two aspects. 

The Effect of Reflective Learning on Lexical Diversity 

of Students’ English Writing 

In the Coh-Metrix system, MTLD and VOCD are measures of lexical 

diversity, manifesting the degrees of lexical richness and variety of a text. 

The type-token ratio (TTR) is also a common indicator of lexical diversity, 

which measures lexical diversity by calculating the ratio of various words 

(types) to total words (tokens) used in a text. The The higher the TTR value, 

the larger the vocabulary and the fewer repeated words in the text. Table 4 

displays that all indices of lexical diversity had higher values in the posttest 

than in the pretest, with statistically significant differences in MTLD (t = -

4.340, p < 0.01) and VOCD (t = -4.575, p < 0.01), indicating that the 

subjects used a bigger range of vocabulary in their posttest essays. This 

demonstrates the positive effect of reflective learning on the lexical diversity 

of students’ English writing. 

The Effect of Reflective Learning on Syntactic 

Complexity of Students’ English Writing 
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Table 3. Paired Samples T-test Results of English Writing Scores. 

Variables 
Pretest Posttest Mean 

deviations 
T-
value 

P-value 
Cohen’s 
d Means SD Means SD 

Average Scores 81.929 2.335 87.714 1.912 -5.786 
-
10.856 

0.000*** 1.409 

Content/Ideas 32.500 1.354 35.427 0.787 -2.929 -8.741 0.000*** 0.886 

Organization/Development 25.357 0.852 26.500 1.041 -1.143 -4.382 0.005** 0.690 

Language 24.071 1.305 25.786 0.951 -1.714 -7.129 0.000*** 0.636 

Note: p***<0.001, p**<0.01, p*<0.05 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Paired Samples T-test Results of Lexical Diversity of Students’ 
English Writing. 

Variable 
Indices 

Pretest Posttest Mean 
deviations 

T-
value 

P-
value Means SD Means SD 

Lexical 
Diversity 

LDTTRc 0.653 0.0750 0.656 0.0588 -0.003 -0.212 0.839 

LDTTRa 0.449 0.0516 0.476 0.0364 -0.027 -1.845 0.115 

MTLD 64.707 23.3572 94.804 16.7834 -30.097 -4.340 0.005** 

VOCD 67.749 20.9577 103.873 12.0923 -36.124 -4.575 0.004** 

Note: p***<0.001, p**<0.01, p*<0.05 

Table 5. Paired Samples T-test Results of Syntactic Complexity of Students’ 
English Writing. 

Variable 
Indices 

Pretest Posttest Mean 
deviations 

T-
value 

P-value 
Means SD Means SD 

Syntactic 
Complexity 

SYNLE 5.108 1.4926 4.845 0.7704 0.263 0.500 0.635 

SYNNP 0.905 0.1206 0.904 0.0560 0.001 0.025 0.981 

SYNMEDpos 0.658 0.0188 0.637 0.0161 0.021 2.429 0.051 

SYNMEDwrd 0.898 0.0172 0.864 0.0291 0.034 2.973 0.025* 

SYNMEDlem 0.885 0.0187 0.841 0.0307 0.044 3.817 0.009** 

SYNSTRUTa 0.111 0.0157 0.105 0.0342 0.006 0.540 0.609 

SYNSTRUTt 0.106 0.0193 0.102 0.0294 0.004 0.433 0.680 

Note: p***<0.001, p**<0.01, p*<0.05 
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Table 5 displays that all indices of syntactic complexity had slightly lower 

values in the posttest than in the pretest, indicating that there was no 

improvement in syntactic complexity of the subjects’ English writing after 

the training program. Among these indices, only SYNMEDwrd (t = 2.973, p 

< 0.05) and SYNMEDlem (t = 3.817, p < 0.01) exhibit significant variations 

in the value between the pretest and posttest writing. SYNMEDwrd is to 

measure the minimal edit distance between words, i.e., syntactic similarity at 

the vocabulary level. The decreased value of SYNMEDwrd in the subjects’ 

posttest writing implies that they used more identical grammatical structures 

in wording. SYNMEDlem is an indicator of the minimal edit distance 

between lemmas (the basic form of a word). The significant decrease in the 

value of SYNMEDlem in the posttest writing indicates the use of reduced 

lemmas by the subjects. Overall, the decreased values of the indices of 

syntactic complexity, particularly SYNMEDwrd and SYNMEDlem, are 

emblematic of simpler syntactic structures in the posttest essays. 

The Effect of Reflective Learning on the Cohesion and 

Coherence of Students’ English Writing 

According to the paired samples t-test results (Table 6), 13 out of the 18 

indices related to cohesion and coherence in writing had higher values in the 

subjects’ posttest writing than in their pretest writing, with eight of them 

showing significant enhancement, indicating the students’ improved capacity 

for increasing the cohesion and coherence in writing via more diverse 

devices after the intervention. Specifically, in the posttest, their writing 

showed improvement in referential coherence and semantic overlapping, 

especially in CRFNO1 (t = -3.993, p < 0.05), CRFAO1 (t = -2.811, p < 0.05), 

CRFSO1 (t = -4.295, p < 0.01), CRFCWO1 (t = -2.758, p < 0.05), CRFNOa 

(t = -2.524, p < 0.05), CRFAOa (t = -2.443, p < 0.05), and CRFSOa (t = -

2.814, p < 0.05), which exhibited statistical significance. This suggests that 

the students bolstered the cohesion of their writing mainly by semantic and 

syntactic overlapping and the recurrence of keywords. Despite the increased 

devices for coherence, the overall incidence of connectives was lower in the 

posttest writing than in the pretest writing, with a considerable decrease in 

the number of causal, logical, temporal, and additive connectives and 

substantially decreased use of adversative and contrastive connectives (t = 

3.277, p < 0.05). This implies that the subjects became less dependent on 

explicit connectives with their increased use of more latent devices for 

cohesion after the training program. Broadly, the students showcased more 

delicate handling of coherence through using more covert devices such as 

lexical, syntactic, and structural cohesion. As Liang (2006) noted, the 

frequency of connectives as overt discourse cohesion markers is not 

necessarily a comprehensive manifestation of the strength of cohesion and  
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Table 7. Frequent Words for the Evaluation of Reflective Learning in the 

Subjects’ Reflective Journals. 

Types Frequent Words 
Frequen

cy 

Percenta

ges 

Conception 
Well-crafted structure, creating outlines, establishing 

arguments, argumentative methods, example use 
39 41.05% 

Writing Improvement 

Tactics 

Expanding reading, studying model essays, increased 

writing practice, writing habit, repeated modification 
25 26.32% 

Language 
An expanded range of vocabulary, synonyms, syntactic 

complexity, sentence structure 
22 23.16% 

Self-efficacy 
Self-motivation, confidence, calmness, perseverance, 

carefulness 
9 9.47% 

 

 

 

coherence of the discourse. In the dimension of LSA, the four indices show 

modestly higher values in the posttest writing than in the pretest writing, but 

with no significant differences, which may imply that the students’ expanded 

vocabulary and discourse knowledge had not been given full play due to the 

limited training period.  

Table 6. Paired Samples T-test Results of Connective Use, Referential 
Cohesion, LSA Overlapping in Students’ English Writing. 

Variables Indices 

Pretest Posttest 
Mean 
deviations 

T-
value 

P-
value Means SD Means SD 

Connectives 

CNCAll 103.771 23.0915 102.106 19.3354 1.665 0.225 0.829 

CNCCaus 29.216 9.2473 27.451 6.5675 1.765 0.630 0.552 

CNCLogic 47.079 10.2871 34.436 10.8943 12.643 2.301 0.061 

CNCADC 18.446 5.2662 10.606 4.7414 7.840 3.277 0.017* 

CNCTemp 12.873 2.8854 17.388 9.0735 -4.515 -1.016 0.349 

CNCAdd 64.161 22.0862 62.078 16.8719 2.083 0.504 0.632 

Referential 
Cohesion 

CRFNO1 0.370 0.0985 0.635 0.1363 -0.265 -3.993 0.007* 

CRFAO1 0.471 0.1504 0.684 0.1274 -0.213 -2.811 0.031* 

CRFSO1 0.466 0.1606 0.732 0.0958 -0.266 -4.295 0.005** 

CRFCWO1 0.099 0.0262 0.129 0.0358 -0.030 -2.758 0.033* 

CRFNOa 0.318 0.1143 0.523 0.1592 -0.205 -2.524 0.045* 

CRFAOa 0.396 0.0929 0.569 0.1558 -0.173 -2.443 0.050* 

CRFSOa 0.385 0.1448 0.626 0.1477 -0.241 -2.814 0.031* 

CRFCWOa 0.070 0.0173 0.095 0.0305 -0.025 -2.075 0.083 

LSA 
Overlap 

LSASS1 0.197 0.0496 0.223 0.0385 -0.026 -1.098 0.314 

LSASSp 0.164 0.0496 0.198 0.0573 -0.034 -1.139 0.298 

LSAPP1 0.464 0.0861 0.494 0.0882 -0.030 -1.375 0.218 

LSAGN 0.319 0.0338 0.321 0.0324 -0.002 -0.217 0.836 

Note: p***<0.001, p**<0.01, p*<0.05 
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Table 8. Students’ Self-Evaluation of Lexical Diversity and Expression 
Accuracy of their Writing. 

 Self-
rating 

RJ 1 
(# of 
persons) 

RJ 2 
 (#. of 
persons) 

RJ 3  
(#. of 
persons) 

RJ 4 
(#. of 
persons) 

RJ 5  
(#. of 
persons) 

RJ 6  
(#. of 
persons) 

RJ 7  
(#. of 
persons) 

Lexical 
Diversity 

Low 6 2 1 1 1 1 0 

Medium 1 5 6 5 5 5 6 

High 0 0 0 1 1 1 1 

Expression 
Accuracy 

Low 3 2 1 0 0 0 0 

Medium 4 5 5 6 6 6 6 

High 0 0 1 1 1 1 1 

RJ: Reflective Journal 

 

 

 

Self-Evaluation and Feedback from Students’ 

Reflective Journals 

In their reflective journals, all the subjects stated that reflective learning 

facilitated their identifying weaknesses in writing, modifying their writing, 

and elevating their writing standards. Table 7 encapsulates frequent words in 

their reflective journals regarding the roles of reflective learning in 

enhancing conception ability, representation, writing improvement tactics, 

and self-efficacy in English writing.  

The subjects heavily emphasized the importance of reflective 

learning for enhancing their conception ability in writing in terms of 

interpreting the topic, establishing the thesis statement and arguments, 

arguing through examples, and pinpointing the connections between topic 

sentences. For example, Qingqing, one of the seven students, stated, 

“Reflective learning is effective in improving the overall standard of my 

writing, particularly in enhancing the basic structure of my argumentative 

essays, which have more concise and accurate representations of topic 

sentences now.” Jiji highlighted the value of reflective learning for her 

mastery of the method of arguing with examples, “I tended to make up 

stories as supporting examples, which did not lend credence to my 

arguments at all. Recently, I learned to cite well-recognized facts to make 

my argumentation persuasive. Also, I have developed the awareness of 

memorizing those examples that are potentially useful to my writing.”  
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In the meantime, the subjects successfully improved their English 

representation through reflective learning. Table 8 shows the subjects’ self-

evaluation on the lexical diversity and expression accuracy of their writing. 

In their first reflective journals, the majority of the students were rated the 

level of lexical diversity of their writing as low, with only one rating it as 

medium. In their last reflective journals, in contrast, the majority of them 

rated it as medium, with one elevating the rating to high. Regarding the level 

of expression accuracy of their writing, three and four of them rated it as low 

and medium, respectively, in their first reflective journals, whereas, in their 

last reflective journals, six and one rated it as medium and high, respectively. 

The coding results imply that reflective learning facilitated the subjects 

identifying the gaps in lexical diversity and expression accuracy of their 

writing, prompting them to make targeted improvements. The positive 

effects of reflective learning on their English representation have been 

mentioned many times in their journals. For example, Lianlian said, “In the 

past, I could only use simple sentences and colloquial vocabulary in my 

writing. Reflective learning has helped improve my syntactic standards. Now 

I begin to learn to use more complex sentences and academic vocabulary.” 

Jiajia emphasized the impact of reflective learning on her expression 

accuracy, stating, “Reflective learning made me realize the inadequacies in 

my expressions and the necessity of rendering them more explicit.”  

Furthermore, the subjects claimed that reflective learning assisted 

them in developing writing improvement tactics, such as studying model 

essays, being mindful of everyday life, and expanding reading. For instance, 

Lianlian noted, “Reflections make me a better observer.” Jiajia said, 

“Reflective learning prompts me to be more open-minded to new 

information and document my thoughts in a timely manner.” The subjects 

also agreed that reflective learning helped broaden the scope of subject 

matter in their writing. Manman stated, “Through the reflection on the 

question of highlighting Chinese contexts in writing, I increased the 

awareness of citing distinctive Chinese major events in my essay writing.”  

Additionally, the subjects reported increased levels of self-efficacy in 

English writing as a result of reflective learning. Self-efficacy refers to an 

individual’s belief in their ability to complete specific tasks or respond 

properly to challenges. The subjects emphasized in their journals that they 

had become more confident, careful, and calm in writing through reflective 

learning. For example, Linlin said, “Reflective learning is helpful in 

developing the ability to remain cool and calm in dealing with challenges in 

writing competitions, from the word count to the difficulty of topics. These 

competition experiences are valuable for my future writing practices, 

enabling me to handle various writing topics with ease and confidence.” 

Jiajia also mentioned that reflective learning boosted her confidence in 

writing. “In prior writing exercises, I often felt nervous and uneasy, 
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especially when encountering topics new to me, but now, the tension felt in 

writing has been significantly eased.” 

To sum up, reflective learning was effective in improving the 

students’ quality of English writing and their self-efficacy in writing 

according to their self-evaluation. Through writing reflective journals, the 

subjects enhanced their conception ability, lexical diversity, and expression 

accuracy, which made their representations more colorful and powerful. 

Their self-evaluation corresponds to the results of the paired samples t-tests. 

Also, reflective learning assisted with the development of writing 

improvement tactics, laying the groundwork for further enhancement of their 

writing proficiency. 

Conclusion 

Given the positive effects of reflective learning on students’ quality of 

English writing, we propose the following recommendations for English 

writing instruction: (i) Increase activities that promote student reflective 

learning in writing education, such as regular writing workshops, inter-peer 

evaluation, and teacher-student communication. (ii) Encourage students to 

reflect on and develop skills in word choice through vocabulary games like 

synonym replacement exercises to understand the impact of word choice on 

the meaning and tone of the sentence; provide students with direction on 

how to conduct self-assessment in sentence pattern exercises and complex 

sentence analyses as well as how to identify and learn from the use of 

complex sentences in model essays; require students to review the referential 

cohesion, use of connectives, and lexical overlapping in their writing in the 

teaching of textual cohesion and coherence. (iii) Arrange group 

conversations to enable students to share their writing and obtain peer 

feedback; help them develop the habit of keeping reflective journals on 

writing to document their thoughts, challenges, and solutions during the 

writing process as records of their progress in English writing. (iv) 

Administer regular self-efficacy assessments to students to track the growth 

of confidence in writing in them to make them aware of the significance of 

reflective learning for improving writing competence. 

The limitations of the study should be acknowledged. First, the small 

sample used may hamper the statistical validity and generalizability of the 

study’s research results. Second, the analysis results of the reflective journals 

as a form of student self-reports may bear certain subjective biases. Third, 

due to the short experimental period, this study can only serve as a 

preliminary exploration of the topic in question. Future research should 

expand the sample size to include students in different grades and with 

distinct levels of English proficiency, as well as extending the experimental 

period to evaluate the long-term impact of reflective learning on the students’ 
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quality of English writing. In addition, a more elaborate qualitative analysis 

of reflective journals is warranted to explore the effects of reflective learning 

on writing of various genres and in distinct cultural contexts to provide a 

broader perspective on this research area to writing instructors. 

 

 

 
Note 

All statements of the subjects are direct quotations from their reflective journals without any 

modification from the authors. 
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