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Problem-Based Learning: An Effective 

Teaching Method for Science 

Competence Development 

Liaojian Qu 

School of Education, Jiangnan University, Wuxi 214122, China 

 

“A problem well stated is a problem half solved.” 

-John Dewey 

 

 

ODERN society places exceptionally high premiums on science education. To 

make science classes more productive, researchers and educators have experiment-

ed with a plurality of non-traditional instructional approaches that are expected to be ef-

fective in fueling students’ interest in science subjects and fostering their scientific rea-

soning ability and creativity. Among them, problem-based learning has been well received 

by teachers. Its adoption in science classrooms was first recommended by certain re-

searchers in the 20th century (Gallagher et al., 1995). Problem-based learning enables the 

student to develop knowledge through analyzing and solving problems, rather than 

through memorizing a wealth of existing information and theories. It can help the student 

transition from a passive receptacle of knowledge to an active learner and a problem solv-

er (Akınoğlu & Tandoğan, 2007). Despite there being no conclusive definition of this 

teaching method, the three features summarized by Akcay (2009) are deemed basic ele-

ments of problem-based learning: (i) engaging students as stakeholders in a problem situa-

tion; (ii) organizing the curriculum around this holistic problem, enabling student learning 

in relevant and connected ways; (iii) creating a learning environment in which teachers 

coach student thinking and guide student inquiry, facilitating deeper levels of understand-

ing. 

Over the last few decades, researchers have come up with a variety of models for 

implementing problem-based learning. For example, Wood (2003) proposed a 7-step 

problem-based learning model, which includes term identification, problem definition, 

brainstorming, retrospection and elaboration, objective formulation, independent study, 

and intra-group exchanges. There is not a fixed implementation pattern for this teaching  
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method; rather, the pattern varies by discipline, instructional objective, and other factors. 

Yet, the majority of studies have focused on the following components in developing 

problem-based learning activities: nature of problems, small group, student-centered itera-

tive inquiry process, communication of the group’s findings to whole class, learning re-

sources (e.g., library, experimental equipment), technology (e.g., internet, educational 

platform), partnership with community, and teachers’ role as facilitators (Merritt et al., 

2017). Considering the method’s heavy demands on education resources, some research-

ers conducted experimental studies to identify the most relevant factors related to its out-

comes. According to Pease and Kuhn (2011), the focus on engagement with a problem is 

the core advantage of problem-based learning, whereas collaborative organization, such as 

group study, is not as important as generally assumed. This finding may serve as an im-

plication that the teacher can save those non-fundamental steps in implementing problem-

based learning in the context of limited teaching conditions. 

While problem-based learning has been acclaimed as an ideal method for science 

education, its efficacy in science classrooms deserves more rigid examination. Problem-

Based Learning (PBL) in Science Education: A Mixed-Meta Method Study in this issue is 

a mixed-meta-analysis of the method’s effectiveness in science education, consisting of a 

meta-analysis of quantitative data from 78 experimental studies and a meta-thematic anal-

ysis of qualitative data from 15 studies based on literature reviews (Yaşar et al., 2024). Its 

research results reveal that most of the studies included suggest that problem-based learn-

ing is supportive of the enactment of science education, with positive effects on student 

academic achievements and the development of the 21st century skills in them. Also dis-

cussed are the method’s negative effects on science instruction. This article offers a 

broader lens for our understanding the outcomes of problem-based learning in science ed-

ucation. 
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Decentralizing the School: The 

Necessity of Teacher Involvement in 

School Management 

Yaodong Yang 

School of Education Science, Jiangsu Normal University, Xuzhou 221116, China 

 

“Excellence is to do a common thing in an uncommon way.” 

-Booker T. Washington 

 

 

HE ROLE of school management is to ensure that the school is run in efficient and 

orderly ways, providing an ideal education environment for teachers and students. 

Effective school management can substantially promote teacher professional development 

whereas flawed school management undermines the teacher’s job satisfaction and identi-

fication with the teaching career, leading to increased turnover rates (Stockard & Lehman, 

2004; Tang, 2024). Also, the leadership style of the school is closely related to the stu-

dents’ quality of learning, making a significant difference to their interest, motivation, and 

outcomes (Robinson & Gray, 2019; Yu et al., 2021). Therefore, developing legitimate 

school management patterns is of vital significance for educational quality enhancement. 

In effect, a portion of schools are suffering from out-of-date management styles 

and the consequential low management productivity, hampering effective education and 

teaching enactment. In the Chinese context, bureaucratic centralization constitutes a major 

factor that curbs management outcomes of the school (Liu & Wu, 2013). Bureaucratic 

centralization is a form of management that is centered around bureaucrats, who have ab-

solute control over all decision-making processes at the expense of marginalizing other 

members of the organization (Meng, 2019). With the presence of this management style, 

the teachers, the pivotal educational actors, become the subordinates of the school admin-

istrators, being deprived of their autonomy in instruction and teaching research planning 

and implementation, which severely impairs their career development; in the meantime, 

school administrators can easily develop the mentality that they are entitled to make arbi-

trary decisions in school management with no need to pay regard for the central roles of 

the teachers in education and teaching (Liu & Wu, 2013; Meng, 2019), which could result 

in injudicious resource allocation and a decline in morale, downgrading the education 

standards of the school. 
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Encouraging teacher participation in school management is an effective counter-

measure to the harm of bureaucratic centralization to school development. Involving 

teachers in school decision-making helps develop their ownership of school operation, in-

creasing their senses of responsibility for the improvement of the school as well as ignit-

ing their enthusiasm for further personal professional development (Zhang, 2023). Mean-

while, teacher involvement in school management is beneficial for the school reaching 

more scientific and informed decisions. This is because the teachers are the most capable 

of providing workable suggestions to the school leadership as they are most familiar with 

the school’s everyday operation and witness students’ cognitive and non-cognitive behav-

ior on a daily basis in carrying out the regular instructional duties (Liu, 1998). In order to 

ensure democratic management in Chinese schools and safeguard the teachers’ rights to 

participate in school management, the Teachers Law of China stipulates that the teacher 

has the right to air their opinions and suggestions on school education, teaching, manage-

ment, and administration work and the right to participate in school management via the 

congress of faculty and staff or other devices (Standing Committee of the National Peo-

ple’s Congress of China, 1993).  

Despite the growing advocacy of decentralizing the school and increasing the 

weight of the teachers’ management involvement on the part of the Chinese government 

and academia, there remain many barriers to their substantive involvement in school gov-

ernance. Challenges of Teacher Involvement in School Management in China in this issue 

examines the significance of teacher involvement in school management and summarizes 

its complications and causes in China (Zhou, 2024). Although the article does not give a 

detailed analysis on how to resolve the issues with Chinese teachers’ school management 

involvement, it still offers valuable implications for further explorations of their potential 

roles in school governance. 
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questionnaire administered before and after the intervention. The 

results showed that the pre-service science teachers could not 

understand physics and chemistry concepts at a sufficient level 
while explaining metabolism. Although the activities and practices 
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Introduction 

NTERDISCIPLINARY learning is a curriculum approach that enhances 

and enriches learning by meaningfully combining multiple disciplines or 

subject areas (Cone, et al., 1998). Klein (1990) and Newell (1998) 

suggested four major steps for interdisciplinary education; determining the 

problem, determining the disciplines to be integrated, drawing an integrating 

framework plan by determining the concepts of each discipline, and 

integrating with the current information in the disciplines. Students can 

benefit in many ways from the application of interdisciplinary education. 

They may, for instance, have an increased sensitivity to ethical issues, have a 

better ability to synthesize or integrate, broaden their perspectives or 

horizons, become more creative, original, demonstrate unconventional 

methods of thinking, have more humility, increase their listening skills, or 

have an increased level of sensitivity to prejudice (Newell, et al. 1990, 

pp.70-71). Interdisciplinary education enables teachers to identify areas of 

learning. Moreover, students actively use the concepts of different 

disciplines in their learning processes (Lederman & Niess, 1997). Many 

education systems expend high levels of time, effort, and resources to 

educate qualified individuals equipped with 21st-century skills. These skills 

are mainly problem-solving, critical thinking, entrepreneurship, creativity, 

innovation, communication, co-operation, information, and technological 

literacy (Koenig, 2011). To acquire these skills, individuals need to think 

multidimensionally and relate multiple disciplines to one another (Daugherty, 

2013). This approach positively contributes to the improvement of 

individuals’ 21st-century skills and the meaningful learning of concepts 

(Crowther, 2012; diSessa, 1993; Taber, 2008). Thus, this study was guided 

by the interdisciplinary approach and aims to explore pre-service science 

teachers (PSTs)’ conceptual integration (CI) of physics and chemistry 

concepts in explaining metabolism. The metabolism unit is among the most 

crucial biology units, and it is necessary to utilize the concepts taught within 

various physics and chemistry units to meaningfully learn it (Yip, 1998). For 

these reasons, this unit was chosen. 

In the literature, CI is defined as the ability to establish relationships 

between concepts by using the prerequisite knowledge of a discipline while 

learning information regarding another (Taber, 2003a; Toomey & Garafalo, 

2003). For instance, external respiration can be defined in biology as the 

exchange of carbon dioxide in the blood and oxygen with the air using the 

lung. A plausible explanation of the same phenomenon by an individual 

utilizing CI might be as follows: An individual, while inhaling, expands their 

chest cavity volume by tightening their diaphragm and opening their ribs. In 

this way, the oxygen fills the lungs in the chest cavity, which has a lower 

pressure than the atmospheric pressure, and mixes with the blood. Carbon 

I 



Hamalosmanoğlu. (Turkey). Pre-Service Science Teachers and Understanding of Metabolism. 

SIEF, Vol.24, No.2, 2024 3930 

dioxide also passes from the blood to the lung. After the transition, the 

exhaling individual reduces the volume of their chest cavity by loosening 

their diaphragm and narrowing their ribs. Hence, the chest cavity, which has 

a higher pressure than the atmospheric pressure, compresses the lungs inside 

and sends the air filled with carbon dioxide into the atmosphere (Reece et al., 

2015). Therefore, the individual in question will have utilized both the 

concept of pressure learned in physics and Boyle’s law learned in chemistry. 

However, Taber (2003b) has stated that learners do not tend to bring relevant 

physics concepts to mind when learning about chemistry. Similarly, students 

may not bring relevant physics and chemistry concepts to mind when 

learning about biology. For meaningful learning to occur in the area of 

biology, the use of chemistry and physics concepts could be crucial. In fact, 

learning biology using the symbolic and microscopic language of chemistry 

could be very important to give students 21st-century skills. Although CI is 

essential, students consider it to be an unreasonable demand to use the 

concepts of other fields in the learning of science (Taber, 1998). Therefore, 

this study is crucial as it explains that the concepts of chemistry and physics 

should be used in the learning of biology. 

Previously conducted studies have indicated that the CI of the 

disciplines reduced students’ misconceptions (Çıray, 2010; Ganaras, et al., 

2008; Taber, 2003b) and improved their scientific thinking (Taber, 2003a; 

Taber, 2008b). For instance, Çıray (2010) reported that interdisciplinary 

analogy-based teaching was effective in improving junior high school 

students’ academic achievements and simultaneously reduced their 

misconceptions. Thus, it is necessary to acknowledge how to facilitate 

sufficient conceptual integration across different teaching disciplines 

(Authors, 2016). 

The interdisciplinary approach suggests that students' 21st-century 

skills will increase through the integration of concepts in different disciplines 

(Xie, et al., 2015). Although the interdisciplinary approach has been started 

to be integrated into curricula at different levels of education, the concepts of 

different disciplines have been taught without being linked to one another 

(Akpınar & Ergin, 2004). One of the main reasons for this circumstance is 

the teachers who have difficulty using the interdisciplinary approach 

(Stinson, et al., 2009). For instance, Dervisoglu and Soran (2003) have 

discovered that most biology teachers are not equipped with knowledge 

regarding interdisciplinary teaching. Authors of a previously conducted 

study (2018) have stated that science teachers and PSTs had insufficient 

knowledge regarding CI, as they had not previously received training for an 

interdisciplinary approach. Consequently, CI is essential for the achievement 

of meaningful learning, the development of scientific thinking, the reduction 

of misconceptions, and the acquisition of science literacy and 21st-century 

skills. Therefore, teachers have great responsibilities for enabling students to 
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use CI effectively. In this respect, further studies should be conducted to 

investigate pre-service teachers’ subject-matter knowledge about CI (Caudill, 

et al., 2010; Godrick & Hartman 2000). 

Previously conducted studies found in the literature have mainly 

focused on the CI of students at secondary and university levels or 

integrating the concepts across two disciplines (Salah & Dumon, 2011, 2014; 

Taber, 2008; Toomey & Garafalo, 2003). Moreover, investigations have 

concluded that the integration of biology, physics, and chemistry concepts is 

at an insufficient level (Authors, 2018). This study consequently investigated 

how PSTs integrate physics and chemistry concepts in their teaching of the 

concept of the metabolism. The following research questions guided the 

study: 

 Can PSTs use the physics and chemistry concepts while explaining the 

concepts in the metabolism unit? How? 

 Does the instruction considering conceptual integration contribute to 

PSTs to explain the concepts in the metabolism unit by using the 

concepts in physics and chemistry? How? 

Methodology  

Research Design 

This study employed the action research method. In action research, the 

researcher identifies one or more problems and prepares an action plan 

regarding them. Similarly, they gain an understanding on whether or not the 

aforementioned action plan was effective in resolving the aforementioned 

problem(s). Hence, the researchers attempt to conclude the study by finding 

an appropriate solution to the problem (Creswell, 2009). In this study, the 

initial extent of the CI in PSTs during the teaching of the metabolism was 

determined. Afterwards, an action plan was designed and implemented to 

help participants achieve the desired CI level. 

Study Group 

The study group was determined using purposeful criterion sampling in 

which one or more criteria are used in the determination of participants 

(Merriam, 2009). In this study being conducted on PSTs, taking the “General 

Biology-II” course for the first time was the criteria set in determining the 

participants. Therefore, the participants consisted of sophomore PSTs at a 

public university in Turkey. Nine students who volunteered to participate in 

the study were selected. The participants consisted of eight women and one 

man. All names depicted throughout the study are pseudonyms. The study 

was conducted in accordance with ethical rules, and the participants filled 
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out an informed consent form regarding their participation. The PSTs had 

graduated from four-year teacher education programs. They were required to 

take many courses regarding biology, chemistry, physics, mathematics, 

teaching as a profession, and general culture, and to complete the program in 

a total of 148 credits of coursework. 

Data Collection Tool(s) 

Data was collected via a paper-and-pencil questionnaire. In the questionnaire, 

the participants were asked questions regarding how they could integrate 

physics and chemistry into some concepts related to metabolism. The 

questionnaire included six questions concerning the topic “metabolism”, in 

which students could integrate physics and chemistry. The questions were 

prepared based on the content of related literature texts (Bozcuk, 2004; 

Keeten, et al., 1999; Reece, et al., 2015). The contents of the questions were 

as follows; “The concept of energy and its types”, “The importance of 

energy to living things”, “The differences in the chemical structures of oil”, 

“The differences in the mechanisms of moving of living things”, “The 

importance of energy conservation for living things”, “How living things 

produce their energies.”. The questions were examined by two experts of 

science education to ensure the validity of their content.  

The Data Collection Process  

The data of the study was collected via paper-and-pencil questionnaires 

administered to nine PSTs before and after the application of the intervention 

(Figure 1). The PSTs were given 50 minutes to complete the questionnaire. 

The PSTs’ answers to the questionnaire before the intervention were 

analyzed, and the extent to which PSTs integrated physics and chemistry 

concepts in their explanations of the concept of the metabolism was 

determined. Following the intervention, the students were given the 

questionnaire once again to determine whether the PSTs integrated physics 

and chemistry concepts at a sufficient level in the process of explaining the 

metabolism. 

Action Plan 

The intervention consisted of a three-week action plan in which the PSTs 

were taught the topic of metabolism, with consideration being paid to CI. 

The class assembled for six 50-minute periods per week. Metabolism was 

taught considering concepts such as energy, photosynthesis, heat, 

temperature, chemical reaction, light, and mass and using various activities 

such as videos, experiments, and portfolios for three weeks by the first  
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Figure 1. Data Collection Process. 

 

 

 

Table 1. Biology Course Based on Conceptual Integration. 

Question 
No 

Biology Lesson for  
Previous Years 

Biology Lesson Based on Conceptual Integration 

Physics Chemistry 

1  Living things need energy. 

 Chemical energy (focus on 
ATP) 

 Explaining the transport of 
energy through only the ATP 

Energy is the ability to do work.  Energy can be obtained through 
chemical changes.  

 One of the most important 
energy sources is found in 
atomic nuclei. 

Potential, kinetic, heat, light, 
electricity, nuclear, and sound energy 
etc. 

Potential, kinetic, and chemical 
energy etc. 

Explaining the energy transfer using 
the concept of heat energy in addition 
to ATP 

Explaining the energy transfer using 
the concept of chemical energy in 
addition to ATP 

2  Living things obtain energy 
from food.  

 Foods that provide energy 
are carbohydrates, fats, and 
proteins. 

Living things use light energy. Thus, 
they heat the water with sunlight and 
generate electricity with solar panels. 

Symbolic display of reactions using 
ATP as energy source  
                             

        

 

3  Olive oil and Sunflower oil 
are obtained from plants, 
while butter is obtained from 
animals.  

 Vegetable oils are liquid at 
room temperature, while 
butter is an emulsion.  

 Vegetable oils are 
unsaturated, and butter is 
saturated fats. 

- The differences between the 
chemical formulas of these oils 
have been examined. Symbolic 
level was used to explain the 
differences. 

4  Animals actively make 
relocation movements.  

 They make these 
movements using their 
muscles and skeletons.  

 Movement in plants is in the 
form of tropism (orientation) 
and nastic. 

 Explaining the physical strength, 
suction pressure, the pushing and 
pulling forces that muscles create 
with contraction and relaxation in 
animals.  

 Explaining the movement of plants 
by factors such as light, 
temperature and pressure 

- 

6  ATP is an organic compound 
involved in energy 
conversions in all living cells.  

 ATP is a special nucleotide 
containing the adenine base, 
ribose sugar and three 
groups of phosphates. 

- Explain the structure of the ATP 
using microscopic and symbolic 
levels in chemistry 
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researcher. During the activities, the relevant topic or concept was explained 

using not only the concepts of biology, but also the concepts of chemistry 

and physics.  

Table 1 depicts CI in the current biology course for each question the 

fifth, as well as the content of the biology course conducted in the previous 

years without using CI. For the fifth question, the first researcher explained 

in previous years during biology lessons why our body remained at the same 

temperature with the following definition: 

“Body temperature is kept constant by homeostasis. People are 

warm-blooded creatures. The body temperature of warm-blooded creatures 

is always constant. Energy is constantly produced and expended in the 

human body. Meanwhile, the heat released allows the body to warm up. 

There is a center that controls body temperature. At the same time, the skin 

provides insulation to maintain body temperature. Excess heat is given by 

evaporation. In this way, the human body always remains at the same 

temperature.” 

However, in the study, the first researcher used thermoregulation 

methods to achieve CI. Thus, he explained the concepts of convection, 

conduction, and electromagnetic radiation in physics, and evaporation in 

chemistry at an in-depth level. Thus, the students realized that enzymes 

cannot catalyze reactions by denaturing at extreme temperatures and that the 

body is cooled by thermoregulation methods such as evaporation and 

convection. Additionally, the students understood that the system had to 

fulfill its functions in order to live in accordance with the laws of 

thermodynamics. Thus, they realized that the heat energy to be given to the 

system while the work is being done and the heat energy released from the 

system should be equal. As a result, they realized that physics and chemistry 

lessons should be integrated with biology concepts to understand the 

thermoregulation methods. The students were required to prepare and 

present their portfolios after the first administration. Their portfolios 

included the subject topic, concept maps, puzzles, essays, stories, etc. The 

researcher gave participants feedback at least twice during the intervention 

about the aforementioned portfolio’s development and presentation. 

Moreover, this researcher gave participants feedback regarding their 

portfolios after the intervention until the second administration was 

conducted.  

Data Analysis 

Content analysis, an unobtrusive technique used to analyze unstructured data 

in terms of meanings, symbolic qualities, and expressive contents 

(Krippendorff, 2013), was employed in this study. Newell (2001) stated that 
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better integration will ensure complete understanding. Thus, while assessing 

the PSTs’ answers to the questionnaire, the following criteria were used: 

 Complete Conceptual Understanding (CCU): The participant should 

provide a complete conceptual understanding for better conceptual 

integration 

 Partial Conceptual Understanding (PCU): The participant should 

provide a partial conceptual understanding for weak conceptual 

integration. 

 No Conceptual Understanding (NCU): The participant should not 

provide any conceptual understanding for conceptual integration.  

For instance, the following answer to the question “Explain one of 

the sources of energy used by living things with their reasons” was regarded 

as NCU as it was answered only through the utilization of only biology 

concepts: One of the energy sources utilized by living beings is light. Light 

is a renewable source of energy. It is the source of life. All living beings on 

earth continue their lives in the presence of light. Plants perform 

photosynthesis by using the energy in sunlight and thus produce food. 

Moreover, the following answer to the same question was rated as CCU: 

One of the sources of energy used by living beings is light. Plants perform 

photosynthesis by using the energy of the light from the sun, the carbon 

dioxide (CO2) in the atmosphere, and minerals from the soil and water (H2O). 

As a result of this process, glucose (C6H12O6) and oxygen (O2) are produced. 

This expression is shown at the symbolic level as depicted below. 

 

                 

            

           
                             

 

On the other hand, as indicated above, all wavelengths of light 

energy are not utilized in photosynthesis. Plants absorb the light in the 

wavelength range of 380-700 nm to perform photosynthesis. This light 

energy from the sun is generated during the transformation of hydrogen 

molecules into helium atoms. Here, light energy at this wavelength range is 

used in photosynthesis since the chlorophyll molecule can only absorb light 

energy at this wavelength.  

The answer depicted above successfully demonstrated that the PST 

utilized physics and chemistry concepts such as the symbolic and 

microscopic language of chemistry, chemical reactions, and the wave theory 

of light to explain why light is a source of energy. Finally, the answers 

including biology and chemistry concepts or biology and physics concepts, 

but only to some extent, were categorized as PCU. Two researchers read 

both the questionnaire responses and the portfolios separately. They later got 

together and reached an agreement on different codes. Finally, the third 

researcher checked the codes. After the three researchers agreed on the codes,  
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Figure 2. The Changes in Participants’ Conceptual Integration for Question 1. 

 

 

 

another science educator checked them and brought the analysis to its 

conclusion. The coding conformity percentages were calculated according to 

Miles and Huberman’s (2015) formula resulting in a value higher than 80% 

indicates that the research is reliable (Miles & Huberman, 2015). The coding 

conformity percentage was found as 82%. Internal validity was thusly 

achieved. The analysis of the portfolios was carried out according to the 

three categories mentioned above. The evidence was gathered from 

participants’ portfolios for all three categories. To increase the internal 

validity of the study, the participants’ thoughts were depicted in the form of 

an excerpt. Additionally, the codes generated as a result of data analysis 

were submitted to be controlled by an expert. 

Result and Discussion  

Changes in Participants’ Conceptual Integration for the 

Question of “Energy and its types” 

The integration categories of the participants based on their responses to the 

questions of “What do you think energy is?”, “What types of energy are 

there?”, and “Explain one of the types with examples” during the first and 

second administrations were depicted in Figure 2. 

As can be seen in Figure 2, five PSTs were able to partially utilize 

CI during the first administration while the others could not fulfill the CI 
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criteria. On the other hand, it was observed that three PSTs could fulfill the 

requirements for complete CI, while six participants demonstrated partial CI 

in the second administration. Furthermore, examples from some participants’ 

portfolios were presented to support both the first and second administrations’ 

data. 

Ece, who scored partial CI in the first administration, stated that “…It 

can be measured with some tools in many ways. The units can be joules, 

calories, etc.” Ece also wrote similar statements in her summary of the topic 

in the portfolio she prepared after the first administration, and defined heat 

energy as “It is the energy transferred from high-temperature area to low-

temperature area”. Moreover, she explained the calorie, as the unit of heat 

energy, as “...it can be used as a unit of heat”. In the second administration, 

Ece completed the CI by writing the following expression: “…energy is the 

capacity to make any change in something. There are many different forms 

of it such as chemical energy, potential energy, kinetic energy, heat, nuclear 

energy, etc. While some can be measured by a device, there are special 

formulas for some to be calculated. Heat can be measured by a calorimeter. 

It is also calculated by the formula Q = m.c.dt. The unit of energy is calories 

or joules.” Ece rewrote her previous summary following the instruction and 

feedback given by the first researcher and reached complete conceptual 

understanding (CCU). Ece’s sentences in her summary supporting her CCU 

were as follows: 

“As the most general definition of energy, it is the capacity to do 

work. It is the ability to move matter against opposing forces such as gravity 

and friction. In other words, energy is the ability to rearrange a community 

of matter …. Energy forms include kinetic energy, potential energy, 

electrical energy, light energy, chemical energy, heat, and nuclear energy. ... 

Heat can be transferred from the high-temperature area to the low-

temperature area. Its unit is calories (cal). The heat cannot be measured 

directly. It is calculated by measurements made with a calorimeter. 

Meanwhile 1 cal = 4186 j. It can be calculated by the following equation (Q 

= m.c.dt, Q)”. 

Duru, one of the participants who made scored partial CI in the first 

administration, stated that: “…There is internal and external energy. Kinetic 

energy and potential energy. The unit is Joule.” In the second administration, 

Duru made complete the CI by stating “…the energy is the ability to do work. 

We can measure the transformation of energy into each other. For example, 

if a substance loses kinetic energy and gains potential energy, we can 

measure the transition between them. Units are kg(m/s)2 and mgh.” Emel 

could not make the CI in the first administration and she stated as “Energy is 

not one thing. The whole of the universe, life, which people need and is 

occurring naturally or artificially, is energy”. Emel was coded partial the CI 

for the second administration: She wrote as “It is necessary to apply force to  
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Figure 3. The Changes in Participants’ Conceptual Integration for Question 2. 

 

 

 

do work. The unit of energy is calorie or joule. Energy can be measured with 

coefficients in respiration and formulas.” 

Changes in Participants’ Conceptual Integration for the 

Question of “The Importance of Energy for Living 

Beings” 

The integration categories of the participants in relation to their responses to 

the question of “Explain one of the sources of energy used by living things 

with their reasons” during the first and second administrations were depicted 

in Figure 3.  

As can be seen in Figure 3, one participant made partial the CI while 

the other eight PSTs could not make any the CI in this question. In the 

second administration, five PSTs made partial the CI while four participants 

could not make any the CI. 

Mine, one of the PSTs who were unable to fulfill the requirements 

for CI, stated that: “Living things continue their lives by producing ATP.” In 

the second administration, she made partial the CI with the following 

explanations: “There are varieties of energy sources that can be used by 

living things such as solar, wind, and geothermal energy. People use 

chemical energy to carry out their vital activities such as eating, drinking, 

and running by taking it from the nutrients (there is chemical energy 

available at any time stored in nutrients)” Oya, who made partial the CI in 

the first administration, stated, “…The primary energy source is the sun. In  
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Figure 4. The Changes in the Participants’ Conceptual Integration for 
Question 3. 

 

 

 

fact, it would not be wrong if it was called fission and fusion reactions.” In 

the second administration, Oya achieved partial CI with the following 

explanations: “Living things can only get energy for their body from food. 

The food contains solar energy. Living things can use the existing energy for 

various things. For example, they can benefit from natural gas in cooking.” 

Gaye, who was unable to reach the CI threshold in the first administration, 

stated that “We take energy from the food we eat.” In the second 

administration, she could not make the CI again with the following 

explanations: “…Living things get energy from food.” 

Changes in Participants’ Conceptual Integration for the 

Question of “Differences in Structures of Oils in Terms 

of Chemistry”  

The integration categories of the participants in relation to their responses to 

the question of “Although olive oil, sunflower oil and butter consist of the 

same monomers, what can be the reason(s) for their structural differences? 

Please explain.” during the first and second administrations were depicted in 

Figure 4.  

As can be seen in Figure 4, one participant reached partial CI while 

the other eight PSTs could not reach the required CI threshold in the first 

administration. In the second administration, however, it was determined that 

only one participant could achieve complete CI. In contrast, six PSTs 

reached partial CI, and two PSTs could not achieve CI at all. Moreover, Oya, 

who achieved partial CI in the first administration, could not achieve CI in 

the second administration.  
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Ece, one of the participants who was unable to reach the CI threshold 

in the first administration, stated, “Monomers have different forms of 

attachments.” In the second administration, Ece achieved complete CI by 

answering the question with the following: “These oils are examples of 

saturated and unsaturated fats…. Unsaturated fatty acids are double bound 

fatty acids and unsaturated with hydrogen. The reasons why these kinds of 

fats are different are as follows: First, the oils show cis-trans isomer 

because of their double-bonded alkene structure. Cis and trans have 

different structures. Because their position in the molecule is different. 

Second, in fatty acids, even if one hydrogen has a different position in the 

molecule, that fatty acid differs from the other acids. Therefore, their melting 

and boiling points differ, as well. Saturated fatty acids are types of fats 

whose structures are fully saturated with hydrogen. Again, the reason why 

these oils are different is that the molecular structures of fatty acids are 

different.” Ali, who was among the participants who were unable to reach 

the CI threshold in the first administration, stated: “They may be composed 

of the same monomers, but if they are different in their arrangement and 

attachment, they are not the same.” In the second administration, Ali 

fulfilled the requirements for partial CI by explaining that: “… They differ in 

terms of their structures because the bonding forms and positions of the 

atoms are different. As known, unsaturated fats contain double bonds. The 

location of the double bond, i.e., pi bond, may be different.” Hale, one of the 

participants who was unable to reach the CI threshold in the first 

administration, stated: “While olive oil and sunflower oil are vegetable oils, 

butter is an animal fat. Monomers of animal fats are saturated fatty acids 

while vegetable oils contain unsaturated fatty acids.” In the second 

administration, Hale answered the 3rd question with the following: “The 

monomers of olive oil, sunflower oil, and butter are the same, but olive oil 

and sunflower oils are vegetable oils and butter is animal fat. More 

generally, olive, and sunflower oils are unsaturated fats, and butter is 

saturated fat.” Hence, she was unable to achieve CI again. Oya, who was 

able to achieve partial CI in the first administration, wrote that “Monomers 

can have forming bonds, bond angles, sigma and pi numbers, etc.” In the 

second administration, Oya could not provide any conceptual integration in 

the following explanation: “The reason for the different substances is that 

they bind in different ways and numbers, just like in enzymes and DNA.” 

Changes in Participants’ Conceptual Integration for the 

Question of “Differences in Movement Mechanisms of 

Living Things”  
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Figure 5. The Changes in Participants’ Conceptual Integration for Question 4. 

 

 

 

The integration categories of the participants in relation to their responses to 

the question of “Explain the fundamental difference in the movement 

mechanisms of animals and plants.” during the first and second 

administrations were depicted in Figure 5.  

As can be seen in Figure 5, no participant was able to reach the CI 

threshold for this question in the first administration. In the second 

administration, however, five participants achieved partial CI while four 

PSTs could not achieve any degree of CI as was in the first administration.  

Oya, who was unable to demonstrate CI during the first 

administration, stated: “…When animals are actively moving, plants move 

where they are. They make various passive movements.” She could not 

answer this question in the portfolio she prepared before the implementation 

of the course. On the other hand, Oya achieved partial CI in the second 

administration by stating: “Muscles cause the movement of an animal while 

hormones and the stimulation of these hormones or turgor pressure cause 

the movement of a plant. The growth is also considered as the movement, 

that is,  ” In the portfolio she prepared at the end of the term, it was 

demonstrated that she had a similar opinion that could be categorized as PCI. 

Her sentences were as follows: “Every living thing moves, passively or 

actively... Animals move with their muscles. These muscles are the filaments 

of actin and myosin. We can explain the movements of the muscles with the 

sliding filament model. … The movements of plants are tropism and nastic 

movement. Hormones such as auxin and gibberellin are effective in the 

tropism while sudden changes in turgor pressure are effective in nastic 

movement.” Emel could not reach the CI threshold in the first administration,  
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Figure 6. The Changes in Participants’ Conceptual Integration for Question 5. 

 

 

 

wrote the following statements: “All living things are in motion, but some 

cannot move. While animals carry out their movements in an active way, the 

plants move with nastic movement and tropism, turning movements. This 

turning movement is slow and long-term.” Emel was similarly unable to 

achieve a sufficient level of CI in the second administration by stating: 

“…Animals are living things with the skeletal system and nervous system; so, 

they can move actively. Plants do not have a nervous system to direct them, 

and they cannot move actively because they need nutrients in the soil. They 

can only do turning movements.” 

Changes in Participants’ Conceptual Integration for the 

Question of “The Importance of Energy Conservation 

for Living Beings”  

The integration categories of the participants in relation to their responses to 

the question 5, “What is the main reason for our body to stay at the same 

temperature? Please explain.” during the first and second administrations 

were depicted in Figure 6. 

As can be seen in Figure 6, two PSTs were able to demonstrate 

partial CICI while the other seven could not utilize integration for this 

question during the first administration. In the second administration, 

however, two participants demonstrated complete CI while three PSTs 

reached the partial CI threshold and four PSTs could demonstrate CI. 
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Ece, who was unable to demonstrate CI du ring the first 

administration, stated her answer as: “Water and some enzymes in our bodies 

keep the body temperature constant.”  When the summaries, concept maps, 

question preparation assignments, and puzzles in her portfolio, which she 

prepared before the implementation in the course, were examined, no answer 

was found regarding the explanation of this problem. In the second 

administration, Ece fulfilled the requirements of complete CI by explaining 

that: “This is due to thermoregulation. In other words, heat regulation in 

Turkish. The role of our skin in this event is important. If our body 

temperature increases during the ATP production and with heat-releasing 

reactions, we will remove the excess heat from our body and bring it to its 

previous temperature thanks to the evaporation of water on our skin by 

sweating.” Ece was included in the CCU category with the portfolio she 

prepared at the end of the term. The answer in her summary indicated that 

Ece was in the CCU category. Ece's response in the summary that qualified 

for CCU was as follows: “…In warm-blooded living organisms, the neural 

reflex mechanisms that affect heat generation (thermogenesis) and its 

distribution (thermolysis) ensure that the temperature remains constant. On 

the skins of these living things, there are special receptors sensitive to 

temperature changes… When the body temperature increases, capillary 

vessels expand, sweating increases, and respiration accelerates. These 

events enhance evaporation… Heat insulation reduces or completely stops 

heat transfer between two environments of different temperatures. Skin is 

also an insulating layer for the body… When exposed to cold, the skin aims 

to reduce heat loss, the veins shrink, sweating decreases or stops, and 

respiration slows down. Thus, the skin tries to keep the body temperature 

constant.” Oya was categorized as partial CI in the first administration, and 

she wrote that “There are three main centers in our body that produce heat. 

While obtaining energy from nutrients, heat is released and distributed 

through the blood to everywhere in accordance with the laws of 

thermodynamics.” In the second administration, Oya was able to achieve 

complete CI by stating: “Our bodies work in a wonderful way with physics, 

biology, and chemistry. The exothermic reactions occur in the mitochondria 

to form ATP. The chemical bond energy in the nutrients is converted to ATP. 

The excess heat is transported to other places through the blood. The skin 

serves as insulation or gives off excess heat to the air with evaporation. 

Thermoregulation is applied regularly.” Gaye was unable to meet the 

requirements of CI in the first administration and she wrote that: “I think it 

might be because of the heat exchange.” In the second administration, Gaye 

was categorized as partial CI due to her response, stating that: “Humans are 

warm-blooded. The body adjusts the heat balance through thermoregulation. 

By sweating, the excessive heat in the body is removed through evaporation.” 

Sema, one of the participants who scored partial CI in the first administration,  
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Figure 7. The Changes in Participants’ Conceptual Integration for Question 6. 

 

 

 

wrote that: “We sweat when our body temperature rises. Because the water 

comes out and the temperature of our skin vaporizes this water and allows 

our body to cool down.” In the second administration, Sema was categorized 

as partial CI again as she stated that: “Our body can adjust itself according 

to temperature, that is, through thermoregulation. The body discharges to 

water by sweating at high temperatures, so it lowers the temperature. Since 

we are warm-blooded, we are always at the same temperature.” Ali, one of 

the participants who was unable to achieve CI during the first administration, 

wrote the following statements: “Our body maintains the temperature 

balance by performing adaptations to different temperatures.” In the second 

administration, Ali was, again, unable to demonstrate conceptual integration 

by writing these statements: “Mammals are warm-blooded creatures. 

Normally, our body takes a defensive position against external temperature 

changes with its features such as sweating and piloerection.” 

Changes in Participants’ Conceptual Integration for the 

Question of “Energy Production of Living Things”  

The integration categories of the participants in relation to their responses to 

the question 6, “What is Adenosine Tri Phosphate (ATP)? How is it 

produced? Please explain.” during the first and second administrations were 

depicted in Figure 7. 

As can be seen in Figure 7, none of the participants were able to 

achieve CI for this question in the first administration. In the second 
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administration, however, eight PSTs achieved partial CI while one PST was 

unable to meet the CI threshold, as was in the first administration.  

Mine, one of the participants who were unable to meet the CI 

threshold  in the first administration, explained that: “ATP is responsible for 

the energy production of living things. It is produced in mitochondria. 

Production occurs when the organism needs energy. The structure of ATP is 

 

”, 

 

and she made a mistake in the figure she drew in terms of the structure of the 

ATP. In other words, she utilized the structure of Adenosine monophosphate 

(AMP) as ATP. In the second administration, Mine achieved partial CI by 

stating: “ATP is the way to transfer energy in living things. Each cell 

produces its own ATP. When energy is needed, the ATP molecule is 

hydrolyzed, and the energy needs of the living are met. The production of 

ATP is called Phosphorylation. It is exergonic. The structure of ATP is 

 

” 

 

Ece was categorized as NCI in the first administration, she stated that: “ATP 

is the energy that our body both produces and uses. It is produced 

continuously. I do not know exactly where and how it is produced.”. In the 

second administration, Ece was, again, unable to achieve CI by stating that: 

“ATP is the energy molecule that can be used by living cells. It can be 

produced in mitochondria, chloroplasts, or cytoplasm. It is used in the 

metabolic activities of the cell. It is generated through cellular respiration. 

ATP is produced by the mixed chain of the chemiosmotic hypothesis.” 

Discussion 

This study aimed to investigate how PSTs integrate physics and chemistry 

concepts in their teachings of the metabolism. The results demonstrated that 

the PSTs could not understand the physics and chemistry concepts required 

for conceptual integration to be performed in the context of metabolism at a 

sufficient level before the intervention. For instance, they had difficulty 

explaining the energy sources used by living beings and their reasons for 

using these sources through the CI. It was concluded that five participants 

suffered from this difficulty and were unable to fulfill the criteria required 
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for CI at the end of the action plan. Researchers also highlighted that the 

conceptual integration demonstrated by the PSTs were unsatisfactory in their 

science educations (Salah & Dumon, 2011; 2014; Taber, 2003b, 2008). 

Although the activities and practices were executed for CI in the action plan, 

only three participants achieved complete conceptual understanding for 

better CI at the end of the course in the first question. Moreover, one 

participant in question three and two participants in question five were able 

to achieve complete CI. On the other hand, there were no participants in 

question two, four, and six who achieved complete conceptual understanding. 

There are many reasons for why the participants’ conceptual integration did 

not demonstrably improve following the action plan. First of these is the fact 

that the participants have been unaccustomed to the different activities 

requested of them as part of the action plan, such as portfolios. Although 

PSTs voluntarily participated in the study, they have often expressed that 

these portfolios took a considerable amount of non-class time for them to be 

completed. They consequently did not have time to do anything else during 

this period. Second, although the first researcher gave too much feedback to 

the portfolios outside of the lesson, they may not have been able to change 

their perception in such a short time. Therefore, educational researchers 

should consider that participants should not spend too much time on 

activities to achieve complete conceptual understanding for CI. Moreover, 

practitioners should act with an understanding of participants' emotional 

states and prepare them for practice accordingly. 

PSTs who were unable to sufficiently demonstrate CI will not be able 

to help their students achieve meaningful learning when they become 

teachers in the future. As stated in the literature, meaningful learning must be 

realized effectively by using CI throughout science education (Duit & 

Treagust, 2003).Students of these PSTs will simultaneously be unable to 

develop scientific thinking (Taber, 2003a), relate science to their daily lives 

(Authors, 2018), reduce their own misconceptions in science subjects 

(Ganaras, et al., 2008), and be individuals who are science literate 

(Lederman & Niess, 1998) and have 21st-century skills (Koenig, 2011). 

Additionally, a PST who is unable to reach a complete conceptual 

understanding for conceptual integration with regards to the topic of the 

metabolism at a sufficient level will not be able to understand energy 

transformations. For instance, a PST who cannot comprehend that light is in 

different wavelengths will not fully understand the conversion of light 

energy into chemical energy. In other words, they will consequently be 

unable to utilize the concept of photosynthesis in their daily lives. Therefore, 

if they were to grow a plant in a flowerpot at home, they would not be able 

to decide where to position this plant at home. Another example of this 

difficulty is that a PST who cannot achieve CI can face difficulties when 

using oils. More specifically, it should be known that there is a difference 



Hamalosmanoğlu. (Turkey). Pre-Service Science Teachers and Understanding of Metabolism. 

SIEF, Vol.24, No.2, 2024 3947 

among olive oil, butter, and sunflower oil in terms of a balanced diet. 

However, a PST who cannot understand this difference will not distinguish 

between oils by acting as a science-illiterate individual and will decide on 

using the oil only in terms of its price and taste. On the other hand, an 

individual capable of achieving CI will be able to determine which oil can be 

used for a balanced diet by knowing that the mentioned oils are composed of 

different fatty acids. Like previous studies (Salah & Dumon, 2014; Taber, 

2008), this study also demonstrated that complete conceptual understanding 

for the CI was not achieved at a sufficient level. This is alarming since it has 

been acknowledged that CI plays an essential role in meaningful learning 

(Duit & Treagust, 2003), the development of scientific thinking, and the 

reduction of misconceptions in science (Ganaras, et al., 2008). As a result of 

this study in which the teaching based on the CI was implemented, it was 

concluded that PSTs could fulfill the criteria set for CI despite their 

insufficient level while explaining the concepts of metabolism by relating 

them to the physics and chemistry concepts. As evidence for this 

circumstance, it can be shown that seven PSTs raised their CI level by one 

step (From NCU to PCU or from PCU to CCU) in the first question. 

Similarly, four PSTs in the second, six in the third, five in the fourth, four in 

the fifth, and eight in the sixth question increased their conceptual 

understanding level one step. Furthermore, one PST in the third question and 

one PST in the fifth question raised their conceptual understanding level 

from NCU to CCU. To the best of the researchers’ knowledge, there is no 

study in the literature devoted to investigating the effect of the 

implementation of instructional strategies on students’ CI. There are many 

studies emphasizing the importance of interdisciplinary education (Lattuca et 

al. 2004; Repko, 2006). These studies have emphasized that interdisciplinary 

education is crucial for students to obtain 21st-century skills. Therefore, this 

study additionally aimed to help students acquire 21st-century skills and 

emphasized the necessity of gaining a full conceptual understanding of CI. 

Conclusion 

In this study, the subject of the metabolism was studied to explore PSTs’ 

conceptual understandings of CI. Further research could focus on different 

science subjects across different disciplines. The findings of this study 

demonstrated that PSTs were unable to understand physics and chemistry 

concepts at a sufficient level while explaining the concepts of metabolism. 

Future studies could design interventions to be effectively improving CI. In 

this study, CI was studied in terms of scientific disciplines. A high degree of 

CI must be acquired to establish the relationship between science and other 

fields such as mathematics, engineering, technology, history, geography, and 

art. Thus, further research could design experimental studies to investigate 
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how the CI is necessary for establishing the relationship between science and 

other fields. 
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Abstract: This article aims to investigate the impact of mentalized 

affectivity on negative emotions among Chinese college students 
based on a questionnaire survey of 899 university students. The 

study adopts a mentalized affectivity scale, an internet altruistic 

behavior scale, and a self-analysis questionnaire. The study’s 
findings reveal a negative correlation between mentalized 

affectivity and depression, anxiety, and stress, but a positive 
correlation with variables linked to internet altruistic behavior in 

college students. Additionally, the study reveals a significant 

moderating effect of internet altruistic behavior on the relationship 
between mentalized affectivity and depression and anxiety. It is 

concluded that an increased level of affectivity can help modulate 

negative emotions and that internet altruistic behavior can play a 

moderator role in the modulation process. 
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Introduction 

FFECTIVITY plays a crucial role in psychoanalytic psychotherapy, 

representing a sophisticated kind of affect regulation. Mentalization 

is the capacity to interpret others’ minds, which developmentally 

precedes and then fosters the ability to read and understand one’s own 

mental states (Jurist, 2005). Mentalized affectivity, as an important 

component of affect regulation, is of vital significance for psychotherapeutic 

outcomes (Jurist, 2018). It is supportive of the individual’s recognizing 

meaningful events and situations, responding to occurrences, and 

encouraging appreciation of positive aspects of life, which in turn helps them 

understand their own emotions and predict future situations (Fonagy et al., 

2002). The construct of mentalized affectivity includes three constituent 

elements: (i) identifying affects, the ability to name or distinguish emotions, 

as well as understanding and probing their complexity in the context of the 

individual’s history; (ii) processing affects, the ability to modulate emotions, 

such as changing their duration and magnitude; (iii) expressing affects, the 

ability to communicate emotions outwardly or inwardly (Jurist, 2005; 

Greenberg et al., 2017). Compared with emotional intelligence, mentalized 

affectivity focuses more on the comprehension of present emotions and 

places greater emphasis on re-evaluating the impact of past experiences on 

present emotions in an effort to modulate them (Juliet, 2018). It provides a 

special perspective on the reflective role of emotions (Liotti et al., 2021). 

Jurist and Sosa (2019) emphasized the necessity of paying more attention to 

the impact of cultural differences on mentalization. The Mentalized 

Affectivity Scale (MAS) advanced by Greenberg et al. (2017) was well 

validated among American and Italian adult groups as well as student groups 

in Iran (Greenberg et al., 2017; Rinaldi et al., 2021; Sayarfard et al., 2021). 

For a larger-scale, more efficient survey, Greenberg et al. (2021) developed 

the Brief-Mentalized Affectivity Scale (B-MAS), a shorter version of the 

MAS, which has proved to be a robust assessment tool with highly 

predictive power for 17 mental diseases such as alexithymia, depression, and 

general anxiety disorder. 

Internet altruistic behavior refers to acts performed voluntarily online 

to help someone else or the community when there is no expectation of 

receiving a reward (Zheng, 2010). According to Zheng’s (2010) College 

Student Internet Altruistic Behavior Scale, there are four categories of 

internet altruistic behavior: (i) Internet-support: acts showing appreciation, 

encouragement, and support to others online, such as expressing good wishes 

and care to other netizens, listening to their narrative about unhappy events 

and saying words of consolation, and giving tips for easing emotional issues; 

(ii) Internet-guidance: acts concerning directions of computer and internet 

use, such as uploading useful programs, preventing and eliminating 

A 
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computer viruses, addressing technical issues; (iii) Internet-sharing: acts of 

information and resources sharing online, including participating in 

discussion forums and giving comments, reposting meaningful articles and 

posts published by others, sharing one’s successful learning experience, 

recommending good reads, and more. (iv) Internet-reminding: acts to alert 

others to cyber hazards, such as online crimes, particularly frauds, and to 

report one’s own online encounters with temptations. Internet altruistic 

behavior has a positive effect in enhancing the individual’s subjective well-

being and self-efficacy (Zheng & Wang, 2017). In the information age, the 

internet has become a pivotal medium for college students’ academic and 

social lives. They spend colossal amounts of time on the internet, learning 

new knowledge, completing assignments, enjoying entertainment, making 

friends, shopping, and so on, which significantly increases the incidence of 

internet altruistic behavior among them. 

According to Rudd’s (2012) study, positive emotions like awe have 

the effect of increasing individuals’ time input in prosocial behavior, 

motivating them to spend more time helping others. Nevertheless, the effect 

of negative emotions on helping behavior remains inconclusive. Isen (1970) 

argued that negative emotions led to the decline in altruistic behavior. 

David’s (2005) research findings show that negative emotions cause the 

reduction in child altruistic behavior but contribute to the increase in adult 

altruistic behavior. As per the Aristotelian theory of emotions, emotions are 

conducive to the development of perceptual ability in practice, specifically, 

the capacity to perceive others in the right way and at the right time. 

Contrarily, the Stoicism theory of emotions asserts that emotions are 

overwhelming, and thus, one should avoid taking any action under the 

influence of emotions (Fonagy et al., 2002). As per Yuan and Yang (2023), 

the online discourse helps release pressure, providing opportunities for 

temporary emancipation in virtual public spaces. However, Yan and Li 

(2022) argued that negative emotions on the internet are characterized by 

decadence, confusion, and excessive sentimentality. College students are a 

group of heavy users of the internet, experiencing a wide variety of emotions 

online daily. They also have more chances to express negative emotions 

online (Wu, 2024). Mentalization is the cognitive and affective ability to 

understand the thoughts and emotions of oneself and others (Jurist, 2018), 

which is of higher value to college students who have relatively more needs 

for active communication and interactions. 

The study proposed two hypotheses: 

H1: Mentalized affectivity is beneficial for college students coping with 

negative emotions through effective affect regulation. 

H2: Internet altruistic behavior moderates the positive effects of mentalized 

affectivity on negative emotions, such as depression, anxiety, and stress, in 

college students. 
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Research Methodology 

Participants 

Adopting randomized cluster sampling, the study recruited 917 subjects from 

two universities in Nanjing, Jiangsu Province. The questionnaire survey was 

conducted on the principle of anonymity and voluntariness, with informed 

consent by subjects. After removing those with abnormal answers, the 

research team obtains 899 valid questionnaires, with 430 from male students, 

469 from female students, 641 from freshmen, and 258 from sophomores. 

Research Tools 

The College Student Internet Altruistic Behavior Scale 

The College Student Internet Altruistic Behavior Scale, developed by Zheng 

(2010), consists of 26 question items in four dimensions: internet support, 

internet guidance, internet sharing, and internet reminding. The scale adopts 

the Likert 5-point rating method (from 1 denoting “never” to 5 denoting 

“always”). The higher the score, the more altruistic actions the subject takes 

in internet use. In this study, the questionnaire’s Cronbach’s α is 0.84. 

The Depression Anxiety Stress Scales 

The study adopted the short-form version of the Depression Anxiety Stress 

Scales (DASS-21) (Lovibond & Lovibond, 1995). The original Depression 

Anxiety Stress Scales (DASS-42), also known as the Self-Analysis 

Questionnaire, include three subscales with a total of 42 items. DASS-21, 

retaining the three subscales of depression, anxiety, and stress, has 21 items 

in total with seven in each subscale; the dimensions of the original scale 

remain unchanged. In the four-point rating scales, 0 represents “did not 

apply to me at all,” 1 means “applied to me to some degree, or some of the 

time,” 2 denotes “applied to me to a considerable degree, or a good part of 

the time,” and 3 signals “applied to me very much, or most of the time.” The 

higher the score, the higher the level of severity of each emotional state the 

subject has experienced. In Gong et al.’s (2010) survey based on a large 

sample of Chinese college students, the coefficient of Cronbach’s α of the 

DASS is 0.89, indicating it is a suitable tool for extensive screening in 

scientific research and clinical practice. In the present study, the coefficients 

of Cronbach’s α for the three subscales of depression, anxiety, and stress are 

0.831, 0.808, and 0.818, respectively, with the overall coefficient of the 

questionnaire being 0.864. 
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The Mentalized Affectivity Scale (Adolescent Version) 

The Mentalized Affectivity Scale (MAS) is a 60-item self-report measure 

with three dimensions: identifying emotions, processing emotions, and 

expressing emotions (Greenberg et al., 2017). The dimension of identifying 

emotions consists of 24 items, one of which is a reverse-scored item. The 

dimension of processing emotions consists of 23 items, six of which are 

reverse-scored items. There are 13 items in the dimension of expressing 

emotions, eight of which are reverse-scored items. This study adopts the 

Chinese version of the Brief-Mentalized Affectivity Scale for Adolescents 

(B-MAS-A), a 19-item questionnaire including four factors: Identifying 

Emotions, Processing Emotions, Expressing Emotions, and 

Autobiographical Memory (Hu, 2023). “Identifying Emotions,” consisting of 

four items, is to measure the subject’s ability to discern their emotions. 

“Processing Emotions,” with seven items, assesses the subject’s capacity to 

use their cognitive ability to control emotions. “Expressing Emotions,” with 

four items, evaluates the subject’s ability to represent and communicate 

emotions. “Autobiographical Memory,” with four items, measures the 

subject’s ability to reflect on their early life and childhood emotional 

experiences and use them to regulate present emotions. The higher the 

subject scores, the more skilled they are in emotional identification and 

processing and in constructing self-narrative through reflections on previous 

experiences, with a higher tendency towards inward emotional expression. In 

this study, the coefficient of Cronbach’s α of the B-MAS-A is 0.817, and the 

coefficients of Cronbach’s α of the four factors of identifying emotions, 

processing emotions, expressing emotions, and autobiographical memory are 

0.770, 0.877, 0.814, and 0.707, respectively. 

Data Analysis 

SPSS Amos 21.0 was applied to information analysis, including descriptive 

statistics and independent sample t-tests. Harman’s one-factor test method 

was used to test common method biases. The direct effects between variables 

were tested by SEM; the indirect effects between variables were tested by 

the bias-corrected nonparametric percentile Bootstrap method; and the 

moderation effect was analyzed using SPSS Process 3.2. 

Analysis Results 

Test of Common Method Biases 

Harman’s one-factor test was adopted to test the common method biases in 

questionnaires (Zhou & Long, 2004). Exploratory factor analysis was 
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administered to all factors of internet altruistic behavior, negative emotions, 

and mentalized affectivity. According to the analysis results, there were 

seven factors with greater-than-1 Eigen values, and the first factor showed a 

variance of 27.56%, which was much lower than the criterion of 40% 

proposed by Harrison et al. (1996), indicating that there were no significant 

common method biases in this study. 

Descriptive Analysis of Mentalized Affectivity, Internet 

Altruistic Behavior, and Negative Emotions among 

College Students 

According to the analysis results, the M±SD value of college students’ 

mentalized affectivity was 93.82 ± 16.18, with a median of 95, which was 

higher than the median of 76 on the scale. The M±SD value (49.89 ± 15.16) 

of college students’ internet altruistic behavior and the median of 51 were 

both lower than the scale’s median of 65, indicating that internet altruistic 

behavior among college students under survey was insufficient. The mean of 

depression among them was 10.64 ± 8.79, within the range of 10-13 for mild 

depression. The mean of anxiety was 10.09 ± 8.61, within the range of 10-14 

for moderate anxiety. The mean of stress was 11.21 ± 8.84, within the range 

of 0-14 for the absence of stress. 

T-test Results of All Variables in Various Dimensions 

There was no gender difference in mentalized affectivity among college 

students (p > 0.05). Male students exhibited a higher level of internet 

altruism than their female peers, showing a gender difference in this regard 

(p < 0.05). There was no significant gender difference in overall levels of 

depression, anxiety, and stress (p > 0.05). The mean of depression in male 

students was higher than that in their female counterparts, but anxiety and 

stress in the former were lower than those in the latter (Table 1). 

There was no grade difference in mentalized affectivity and internet 

altruistic behavior among college students (p > 0.05). The levels of 

depression, anxiety, and stress were lower in the freshmen than in the 

sophomores, with statistical significance to varying degrees (p < 0.05, p < 

0.01, and p < 0.001, respectively) (Table 2). 

There was no significant difference in mentalized affectivity (p > 

0.05) between introverted and extroverted college students. There was an 

extremely significant difference in internet altruistic behavior between the 

two groups (p < 0.001). Differences in the levels of depression (p < 0.01), 

anxiety (p < 0.05), and stress (p < 0.01) between them showed varied 

degrees (Table 3). 
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Table 1. Gender Differences in Mentalized Affectivity, Internet Altruistic 

Behavior, and Negative Emotions among College Students. 

Factors Gender N Mean and Standard Deviation T Value P 

Mentalized affectivity 
Male 430 93.53±17.53 

-0.527 0.598 
Female 469 94.09±14.86 

Internet altruistic behavior 
Male 430 51.04±15.96 

2.175 0.030 
Female 469 48.84±14.32 

Depression 
Male 430 11.01±8.76 

1.217 0.224 
Female 469 10.29±8.83 

Anxiety 
Male 430 9.66±8.63 

-1.460 0.145 
Female 469 10.49±8.57 

Stress 
Male 430 10.95±8.97 

-0.856 0.392 
Female 469 11.45±8.72 

Note: ***p < 0.001；**p < 0.01；*p < 0.05 

 

 

 

 

 

Table 2. Grade Differences in Mentalized Affectivity, Internet Altruistic 

Behavior, and Negative Emotions among College Students. 

Factors Grades N Mean and Standard Deviation T Value P 

Mentalized affectivity 
Freshmen 641 94.26±16.79 

1.282 0.20 
Sophomores 258 92.73±14.53 

Internet altruistic behavior 
Freshmen 641 50.08±15.49 

0.592 0.554 
Sophomores 258 49.42±14.32 

Depression 
Freshmen 641 10.18±8.83 

-2.452 0.014 
Sophomores 258 11.77±8.61 

Anxiety 
Freshmen 641 9.55±8.50 

-3.001 0.003 
Sophomores 258 11.45±8.72 

Stress 
Freshmen 641 10.35±8.72 

-4.667 0.000 
Sophomores 258 13.36±8.78 

Note: ***p < 0.001；**p < 0.01；*p < 0.05 
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Table 3. Introversion versus Extroversion Differences in Mentalized 

Affectivity, Internet Altruistic Behavior, and Negative Emotions among 

College Students. 

Factors Personality traits N Mean and Standard Deviation T Value P 

Mentalized affectivity 
Introverted 542 93.34±16.17 

-1.108 0.268 
Extroverted 357 94.56±16.19 

Internet altruistic behavior 
Introverted 542 48.27±15.01 

-3.979 0.000 
Extroverted 357 52.35±15.08 

Depression 
Introverted 542 11.36±8.54 

3.044 0.002 
Extroverted 357 9.54±9.08 

Anxiety 
Introverted 542 10.62±8.73 

2.230 0.026 
Extroverted 357 9.31±8.36 

Stress 
Introverted 542 11.86±8.79 

2.715 0.007 
Extroverted 357 10.23±8.83 

Note: ***p < 0.001；**p < 0.01；*p < 0.05 

 

 

 

 

Table 4. Correlations between Mentalized Affectivity, Internet Altruistic 

Behavior, and Negative Emotions among College Students. 

 
Mentalized 
Affectivity 

Internet 
Altruistic 
Behavior Depression Anxiety Stress 

Mentalized affectivity 1     

Internet altruistic behavior 0.133** 1    

Depression -0.108** 0.193** 1   

Anxiety -0.090** 0.199** 0.727** 1  

Stress -0.082* 0.180** 0.624** 0.825** 1 

Note: ***p < 0.001；**p < 0.01；*p < 0.05 

 

 

 

Correlational Analysis of Mentalized Affectivity, 

Internet Altruistic Behavior, and Negative Emotions 

among College Students 

As shown in Table 4, there was a positive relation between mentalized 

affectivity and internet altruistic behavior in college students (r = 0.133 < 0.4, 

p < 0.01) and negative relations between mentalized affectivity and 

depression (r = -0.108< 0.4, P< 0.01), anxiety (r = -0.090< 0.4, p < 0.01), 
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and stress (r = -0.082< 0.4, p < 0.05). Hence H1 was corroborated. There 

were low levels of positive relation between internet altruistic behavior and 

depression (r = 0.193 < 0.4, p < 0.001), anxiety (r = 0.199 < 0.4, p < 0.001), 

and stress (r = 0.180 < 0.4, p < 0.001), which seems to be contradictory with 

common sense but is in conformity with the theory of the negative state 

relief model. According to this theory, individual experiencing adverse 

emotions may engage in altruistic behavior because they believe that helping 

others can alleviate their negative emotions. In other words, the individual 

can relieve their own sadness and distress by helping others (Guo, 2005), 

which conforms to Zheng’s (2012) research finding that anxiety could 

significantly positively predict internet altruistic behavior (r = 0.14 < 0.4, p < 

0.001). 

The Mediation Effect of Internet Altruistic Behavior on 

the Relation between Mentalized Affectivity and 

Negative Emotions in College Students 

Based on the analysis results of the relations between mentalized affectivity, 

internet altruistic behavior, and negative emotions in college students, the 

mediating effect was tested following the procedure introduced by Wen and 

Ye (2014). Regression analysis was conducted using the causal steps method, 

and the 95% confidence interval of the mediating effect was calculated using 

the bias-corrected Bootstrap confidence interval method to determine the 

presence of any predicted and mediated effects between mentalized 

affectivity, Internet altruistic behavior, and negative emotions. Specific 

processes were as follows: First, standardize variables in the test and convert 

gender, grade, and personality traits (introversion vs. extroversion) into 

dummy variables for control. After that, Model 4 in SPSS Process 3.2 was 

employed to verify the mediating effect of internet altruistic behavior on the 

relation between mentalized affectivity and negative emotions. Under the 

test procedure for mediating effect, the indirect effect value is 0.0304, and 

the 95% confidence interval of the point estimation was [0.0118, 0.000], and 

the coefficient c’ was significant. Hence, we made the preliminary 

assumption that there existed a mediating effect. Subsequent tests revealed 

that the indirect effect was significant and that a * b and the regression 

coefficient c’ carried opposite signs. The results should be explained as a 

suppressor effect. It was determined that the indirect effect of internet 

altruistic behavior on negative emotions was not a mediating effect but 

instead, a suppressor effect (Figure 1). 
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Figure 1. The Suppressor Effect of Internet Altruistic Behavior on the Relation 
between Mentalized Affectivity and Negative Emotions. 

 

 

 

 

Table 5. The Moderating Effect of Internet Altruistic Behavior on the Relation 

between Mentalized Affectivity and Negative Emotions (N=899). 

Regression Equations Hypothesis Testing 

Dependent variables Independent variables R ΔR2 F P 

Self-reported emotions X*W 0.258 0.067 4.508 0.034 

Depression X*W 0.238 0.0017 1.65 0.198 

Anxiety X*W 0.244 0.0059 5.60 0.018 

Stress X*W 0.221 0.0046 4.304 0.038 

 

 

 

The Moderating Effect of Internet Altruistic Behavior 

on the Relation between Mentalized Affectivity and 

Negative Emotions among College Students 

In the analysis of the moderating effect of internet altruistic behavior, the 

standard scores of negative emotions were the dependent variables. 

Mentalized affectivity and internet altruistic behavior were zero-centered, 

and their interaction term was generated. The zero-centered mentalized 

affectivity served as the independent variable in the first layer of the 

regression equation. The zero-centered internet altruistic behavior and the 
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interaction term served as independent variables in the second layer of the 

equation. The hierarchical regression analysis revealed that the effect of the 

interaction term of mentalized affectivity and internet altruistic behavior on 

the total level of negative emotions was statistically significant (p < 0.05), 

indicating that internet altruistic behavior heightened mentalized affectivity’s 

regulation of negative emotions, and the moderating effect was statistically 

significant. To investigate which negative emotions were more effectively 

modulated by mentalized affectivity through the moderating effect of 

internet altruistic behavior, regression analysis was conducted using 

depression, anxiety, and stress as dependent variables and the zero-centered 

mentalized affectivity as the independent variable in the first layer of the 

regression equation. Subsequently, the zero-centered internet altruistic 

behavior and the interaction term were deployed as independent variables in 

the second layer of the equation. The hierarchical regression analysis showed 

that the moderating effect of internet altruistic behavior on anxiety and stress 

was statistically significant, but that on depression was not (Table 5). Thus, 

H2 was partially verified. 

Discussions 

Statistical Results of Mentalized Affectivity, Internet 

Altruistic Behavior, and Negative Emotions in College 

Students 

College students’ average scores of mentalized affectivity and its constituent 

elements were above the medians on the scale, indicating that their 

affectivity was of medium-high level. Specifically, their abilities of 

identifying emotions, processing emotions, and autobiographical memory 

were relatively strong, and there was a tendency towards inward emotional 

expression among them. There was no gender difference in the overall level 

of mentalized affectivity among them (p > 0.05), though the mean value of 

autobiographical memory of male students was significantly lower than that 

of female students (t = -2.445, p < 0.05). There was no grade difference in 

the overall level of mentalized affectivity among college students (p > 0.05). 

However, the freshmen had a significantly higher level of processing 

emotions than the sophomores (t = 2.916, p < 0.01). There was no significant 

difference in the overall level of mentalized affectivity between introverted 

and extroverted students (p > 0.05). Nevertheless, introverted students 

showed lower levels of identifying emotions (t = -2.076, p < 0.05) and 

processing emotions (t = -3.175, p < 0.01) than their extroverted peers. In 

terms of expressing emotions, introverted students had fewer outward 

expressions and were more reserved (t = 3.166, p < 0.01). 
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Gong et al. (2010) published a report on the testing of the Depression 

Anxiety Stress Scales (DASS-21) (Chinese version) among Chinese 

university students. In this study, M±SD of depression was 5.32 ± 4.39, 

higher than that of 2.97±4.13 in the report; M±SD of anxiety was 5.04 ± 4.30, 

slightly lower than that of 5.42 ± 4.96 in the report; and M±SD of stress was 

5.61 ± 4.42, slightly lower than that of 6.12 ± 5.54 in the report. Our 

research findings show that depression among the college student group has 

undergone a growing trend in recent years and that there were significant 

grade differences in self-reported depression and anxiety as sophomores 

typically take more courses and have heavier academic pressures than 

freshmen. Liu et al. (2023) investigated depression, anxiety, and stress 

among ordinary residents in Hunan Province. In our study, college students 

scored 10.64 ± 8.79 on the depression scale, 10.09 ± 8.61 on the anxiety 

scale, and 11.21 ± 8.84 on the stress scale, lower than those scored by 

ordinary residents (11.00 ± 4.25, 11.26 ± 4.17, and 12.06 ± 4.22, 

respectively) in Liu et al.’s research, indicating that the self-reported 

emotional state of college students (31.95 ± 23.71) was better than that of the 

Hunan residents surveyed (34.32 ± 12.16). The detection rate of depression 

in college students was 38.93% (lower than that of 52.16% among ordinary 

residents in Liu et al.’s study); those suffering from extremely severe 

depression represented 5.67%. The detection rate of anxiety in college 

students was 52.39% (lower than that of 80.00% among ordinary residents). 

It is noteworthy that those with extremely severe anxiety accounted for 

12.35%. The detection rate of stress in college students was 19.02%; those 

feeling extremely stressed accounted for 2.23%. Introverted students had 

higher levels of depression, anxiety, and stress than their extroverted peers, 

and the differences were statistically significant to varying degrees (p < 0.01, 

p < 0.05, and p < 0.01, respectively). The research finding indicates that 

more attention should be paid to the emotional issues of introverted college 

students. 

Internet altruistic behavior is favorable for mental health 

improvement in college students (Zheng & Wang, 2017). Encouraging 

internet altruistic behaviors in college students helps promote the positive 

role of the internet and build a civilized and harmonious online community 

(Zhao, 2018). There was a gender difference in internet altruistic behavior (t 

= 2.175, p < 0.05), with male students exhibiting higher levels of altruism 

(51.04 ± 15.96) than their female peers (48.84 ± 14.32), which is comparable 

to Wang’s and Chen’s (2021) finding in their research into internet altruistic 

behavior at X University (male students’ 52.61 ± 13.57> female students’ 

49.48 ± 13.13, p < 0.01). Closer examination of specific dimensions revealed 

an extremely significant gender difference in internet guidance (t = 3.914, p 

< 0.001) and a very significant one in internet reminding (t = 3.029, p < 

0.01). There was no grade difference in the overall level of internet altruistic 
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behavior among college students (p > 0.05). However, in the dimension of 

internet guidance, the freshmen did better than the sophomores, which was 

statistically significant (t = 2.142, p < 0.05). The difference in internet 

altruistic behavior between introverted and extroverted college students (t = -

3.979, p < 0.001) was extremely significant. Looking into specific 

dimensions, we discovered that there were extremely significant differences 

in internet support (t = -3.730, p < 0.001) and internet guidance (t = -4.621, p 

< 0.001) and very significant differences in internet sharing (t = -3.172, p < 

0.01) and internet reminding (t = -2.976, p < 0.01) between the two groups. 

The Suppressor Effect of Internet Altruistic Behavior 

on the Relation between Mentalized Affectivity and 

Negative Emotions among College Students 

Mentalized affectivity was positively related to internet altruistic behavior in 

college students. Specifically, there were low degrees of positive relation (r 

< 0.4, p < 0.01) between mentalized affectivity and internet support, internet 

guidance, internet sharing, and internet reminding among them. Identifying 

Emotions, Processing Emotions, and Autobiographical Memory had low 

degrees of positive relation with internet altruistic behavior (r < 0.4, p < 

0.01). Expressing emotions was negatively related to internet altruistic 

behavior (r = -0.081 < 0.4, p < 0.05). In the meantime, internet altruistic 

behavior was modestly positively related to depression, anxiety, and stress in 

college students. Specifically, internet-sharing predicted depression, anxiety, 

and stress to varying degrees. That may be because the longer the students 

with high levels of depression or anxiety stay online, the more empathetic 

they become, and the more eager they are to obtain mental satisfaction by 

being altruistic to offset negative emotions brought on by setbacks in real-

world life. Although they do not expect any rewards for their altruistic 

behavior online, sharing emotions online and garnering likes, followings, 

and comments indeed gives them a sense of accomplishment psychologically. 

The regression analysis results showed that the direct and indirect effects had 

opposite signs, indicating that internet altruistic behavior had a partial 

suppressor effect on the relation between mentalized affectivity and negative 

emotions in college students. There are several reasons for this effect. First, 

internet altruistic behavior concerns act of helping others online without 

seeking anything in return. It cannot alleviate the stress perceived by the 

individual and may temporarily suppress their experience of anxiety and 

depression; as a result, negative emotions are maintained instead of being 

eliminated. In the worst case, the internet user may even become more 

emotionally negative because they do not feel rewarded for helping others. 

Emotion modulation is a long-term progression, and mentalization is a 
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process of achievement that inevitably comes with pain (Juliet, 2018). 

Second, under certain negative emotions, individuals may still behave 

altruistically by helping others (Kou & Tang, 2004). According to the 

negative state relief model in prosocial theory, the individual sometimes 

engages in altruistic behavior because they are in a bad mood for the time 

being and need to mitigate negative emotions and alleviate inner distress by 

helping others (Guo, 2005). College students with higher levels of 

depression and anxiety may tend to sustain their online altruistic behavior to 

suppress negative feelings. Third, there are cultural differences in mentalized 

affectivity. In collectivist culture, mentalization is primarily aimed at 

understanding others, and understanding oneself is secondary (Aival Naveh 

et al., 2019). A portion of Chinese college students have difficulty 

processing and expressing their own emotions, thus being more susceptible 

to internet use addiction. They may have more altruistic acts on the internet 

than those spending less time online; nevertheless, they reported more 

negative emotions than the latter. 

The Moderating Effect of Internet Altruistic Behavior 

on the Relation between Mentalized Affectivity and 

Negative Emotions in College Students 

The moderating effect of internet altruistic behavior on the relation between 

mentalized affectivity and negative emotions in college students was 

statistically significant (p < 0.05). It means that the increase in internet 

altruistic behavior can enhance the role of mentalized affectivity in 

regulating negative emotions. In order to investigate which negative 

emotions among depression, anxiety, and stress could be most effectively 

modulated, regression analysis was conducted with depression, anxiety, and 

stress as dependent variables and found that the interaction term of 

mentalized affectivity and Internet altruistic behavior had a statistically 

significant effect on anxiety (p < 0.05) and stress (p < 0.05), but with no 

significant effect on depression (p > 0.05). This can be explained as follows: 

In virtual social networks, individuals can create ideal images of themselves 

based on selective self-presentation (Manago et al., 2008). To make an 

impression online, they may choose to engage in proactive sharing and other 

altruistic actions, which is conducive to the alleviation of their negative 

emotions including stress and anxiety. On the other hand, the development 

of the internet has brought on many issues, increasing pressures on 

individuals in all facets of life and inducing a growing incidence of 

depression in society (Holden, 2000). As per Wang et al.’s (2021) study, 

33.38% of students at Y University showed symptoms of depression. Mobile 

phone dependence also leads to an increase in depression levels among 
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college students (Shi et al, 2022). The incidence of major depressive disorder 

(MDD) has also undergone significant growth (Cao et al., 2023). Internet 

bullying can lead to depression in college students through online social 

anxiety (Zhou & Zhang, 2023). Factors like these may compromise the 

moderating effect of internet altruistic behavior on mentalized affectivity’s 

modulation of depression in college students. 

Conclusions and Prospects of Future Research 

This study draws the following conclusions: (i) Mentalized affectivity has 

positive effects in modulating negative emotions including depression, 

anxiety, and stress among college students; (ii) There are gender differences 

in mentalized affectivity; Internet altruistic behavior varies between male 

and female students and between introverted and extroverted students; the 

levels of negative emotions differ between students of distinct grades and 

between introverted and extroverted students; (iii) There is a suppressor 

effect of internet altruistic behavior on the relation between mentalized 

affectivity and negative emotions; (iv) Internet altruistic behavior can 

moderate the effect of mentalized affectivity on anxiety and stress but not 

depression in college students. 

Limitations of the study should be acknowledged. First, it would be 

better to subgroup college student internet users when examining the 

correlation between their internet altruistic behavior and negative emotions. 

For instance, students who are active in the actual world may spend less time 

online and thus conduct fewer altruistic acts, whereas those having more 

negative emotional experiences are more likely to seek identification in the 

virtual world. It is advisable to subdivide the internet user group to 

investigate the differentials in internet altruistic behavior among them. 

Second, the currently widely used College Student Internet Altruistic 

Behavior Scale was developed by Zheng in 2010 under the backdrop that 

internet use was not frequent among college students and applications were 

limited due to poor internet connectivity on campus and economic 

constraints. In this context, internet altruistic behavior among them was 

sporadic (Zheng, 2010). Amid the advances in economy and internet 

technology in the past more than 10 years, many new features of internet 

altruism have emerged. Future research should focus on the specific content 

of altruism among college students in addition to its motivations and forms 

(Zhang & Li, 2022). 

We are considering undertaking deeper explorations in two areas: (i) 

Divide college students into two groups according to their scores on 

depression, anxiety, and stress scales. Students with medium, high, and 

extremely high levels of depression, anxiety, and stress should be identified 

as emotionally problematic; the rest can be thought of as normal (Henry & 
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Crawford, 2005). Research will be focused on mentalized affectivity and 

internet altruistic behavior of the first group. (ii) Delve into the internet 

behavior and mentalization of individuals with differential levels of 

depression, anxiety, and stress. More research on how to alleviate negative 

emotions in college students through cyber emotion and behavior regulation 

is warranted to provide new perspectives on mental health education for this 

group. 
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Abstract: A mixed-meta analysis of research on problem-based 

learning in science education was the goal of this study. In this 

instance, document analysis utilizing the mixed-meta method—

which combines meta-analysis and meta-thematic analysis 

procedures—was used to investigate both quantitative and 
qualitative data. Using CMA and MetaWin programs, studies from 

certain databases that fit predetermined criteria were analyzed for 
a meta-analysis. Of the 78 studies that were included in the study, 

the effect size was found to be large, with g = 0.909. It has been 

suggested that science education benefits from the problem-based 
learning approach. Within the framework of the established 

criteria, 15 researches based on document analysis were subjected 

to a meta-thematic analysis using the Maxqda program in 

accordance with content analysis. Codes were acquired based on 

specific topics. By calculating the compliance values of the relevant 
codes under the relevant themes, a good degree of agreement was 

found regarding the effects of problem-based learning in science 

education on academic achievement, the affective-social dimension, 
21st century skills, and the negative aspects of problem-based 

learning in science education. The research results indicate that 

there is a consensus among the researchers regarding the benefits 
of using problem-based learning techniques in science education. 
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Introduction 

RADITIONAL educational approaches are increasingly insufficient 

in today’s quickly changing environment. There is a growing need for 

teaching strategies that not only engage students actively but also 

incorporate modern approaches (Yurd & Olgun, 2008). The complexity of 

our current era, along with the overwhelming amount of information 

available, necessitates that individuals be equipped not just with rote 

knowledge but also with essential life skills. These skills are crucial for 

tackling real-world challenges (Çınar & İlik, 2013). Contrary to this, an 

outdated focus on the teaching abilities of educators, rather than on the 

learning capabilities of students’ results in a passive educational experience 

that fails to prepare students for the complexities of daily life (Yaman & 

Yalçın, 2005). 

It might be argued that the major purpose of science education is not 

only to teach students the essential principles of the topic but also to develop 

in them a curiosity and interest in science, as well as good attitudes, 

teamwork, and cooperation. These are critical for developing higher-level 

thinking skills and actively involving students in the learning process. 

Utilizing student-centered approaches and methods to keep the student 

actively involved in the process is more effective for achieving meaningful 

learning outcomes (Çınar & İlik, 2013). Furthermore, it is clear that our 

pupils require certain talents in order to succeed (Shamir, Zion, & Spector-

Levi, 2008). Problem-based learning (PBL) is more effective than traditional 

teaching methods in achieving these goals (Çınar & İlik, 2013). It is known 

as the American educational theorist John Dewey, who systematized the 

concept of problem solving for the first time (Yıldırım & Yalçın, 2008). PBL 

has been systematized based on the view of learning by doing put forward by 

the American educator John Dewey (Koray & Araz, 2008). The PBL 

approach was initially developed at the university level in the field of 

medicine (Barrows & Tamblyn, 1980, cited by Chin & Chia, 2004), and then 

it started to be applied at all levels of education, from primary school to high 

school (Delisle, 1997, as cited in Chin & Chia, 2004; Şenocak, 2009).  

Student-centered and small group teaching for medical students PBL, which 

was designed, took its place in education and training programs ten years 

later (Kumar, 2010). Problem-based learning, which has been successfully 

implemented in many vocational education fields, was introduced at the 

primary and secondary education levels in 1990. In Turkey, it has been in 

use since 2000. According to Kılınç (2007), there have been numerous 

published research studies, articles, and theses on this approach. Research 

indicates that education based on the PBL approach outperforms traditional 

methods in several key areas. Specifically, it enhances student achievement 

and boosts their motivation towards coursework. Given these advantages, 

T 
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PBL has established itself as a student-centered approach that is increasingly 

considered essential in today’s science education (Kaptan & Korkmaz, 2001).  

It is seen that it is possible to instill the skills necessary in the 21st 

century in education in general and in science education in particular 

(Shamir, Zion, & Spector-Levi, 2008). In this respect, certain stages should 

be followed while applying the PBL approach. The first stage of PBL is the 

discovery and definition of the problem, which is a creative process (Chin & 

Chia, 2004). Then, it consists of stages such as determining the necessary 

information for the defined problem, determining the sources to reach the 

information, determining solution methods, evaluating the solutions, and 

reporting and presenting the solution (Shamir et al., 2008; Kaptan & 

Korkmaz, 2001). The most crucial of these stages is the identification of the 

problem situation. It is very important to organize this problem situation 

according to the student group and level. For example, while it is appropriate 

to give unstructured problems to gifted children, it is more appropriate to 

give less structured problems to students at the normal level (Boran & 

Aslaner, 2008). In addition to these, a good problem situation should not 

contain unrealistic information, should contain realistic clues that will lead to 

a solution, and should also arouse the student’s curiosity with understandable 

language. The problem situation should also allow the student to use higher-

order thinking skills (Sezen-Vekli, 2012). 

In the PBL environment, the role of the teacher is just as critical as 

the problem scenario itself. Unlike traditional teaching methods, where the 

teacher acts as an authority figure, here the teacher serves more as a guide or 

facilitator (Kılınç, 2007). Among the roles of teachers in PBL, there are 

many such as being a guide, learning together with the student, ensuring the 

participation of the students, managing and directing the process, and 

revealing the thoughts of the students (Kaptan & Korkmaz, 2001). The fact 

that the teacher has these roles in PBL ensures that the student is central and 

active in learning, unlike traditional methods. Thus, the student becomes 

active in the learning process, fulfills the responsibilities brought by the 

problem, shares the information he has obtained with the class, and makes an 

effort to take on the necessary responsibilities in the groups.  

One of the numerous benefits of problem-based learning is that it 

fosters student involvement and active participation. Thus, the student 

develops his/her own self-control skills and high-level thinking skills, 

develops a sense of responsibility and problem-solving skills in group work, 

and increases the motivation of the student (Kaptan & Korkmaz, 2001). 

Individuals gain problem-solving abilities as a result of PBL, and they use 

various and inventive techniques to solve the difficulties they face in their 

daily lives.  At the same time, students have the opportunity to express their 

ideas freely and to communicate better with other people (Aygün, Atalay-

Kılıç, & Yaşar, 2016). The importance of problem-based learning has 



Yaşar et al. (Turkey). Problem-Based Learning in Science Education. 

SIEF, Vol.24, No.2, 2024 3975 

increased day by day due to its many advantages for students. The 

importance of this approach in the literature has been stated in different 

studies, and many studies have been conducted on PBL in Turkey 

(Karadeniz-Bayrak and Bayram, 2012; Tatar and Oktay, 2009; Tosun and 

Taşkesenliğil, 2012; Şahbaz and Hamurcu, 2012; Kılıç and Moralar, 2015). 

In addition, it is seen that various studies have been conducted to determine 

the general trends in the use of problem-based learning in science education 

in Turkey (Tosun & Yaşar, 2015) and to compare these studies with the 

usage areas and trends in science education around the world (Tosun & 

Yaşar, 2013). In these studies, it was observed that the focus on the effect of 

PBL on learning. In addition, both meta-analysis and meta-thematic analysis 

methods were used together in studies to examine the effect of the flipped 

classroom method (Doğan, Batdı, & Yaşar, 2023) and project-based learning 

approaches in science education (Kılınç, Yaşar & Batdı, 2022). It was seen 

that the mixed-meta method was used. However, when the relevant literature 

is examined, it is seen that there are no detailed studies based on the mixed 

meta method for PBL in science education. This study also focused on the 

meta-analysis and meta-thematic analysis of studies on PBL in science 

education. Thus, a detailed examination of the applications of PBL in 

science education was made, and its presentation was made from a wider 

perspective. 

Purpose of the Study 

In this study, it was aimed to make a mixed-meta method in which meta-

analysis and meta-thematic analysis of studies conducted in Turkey on PBL 

in science education are used together. The following research questions are 

posed in relation to the aims of this study: 

1. In meta-analytic studies, what is the magnitude of the impact of 

Problem-Based Learning (PBL) on students’ academic achievement in 

science education? 

2. According to participant opinions, what are the effects of PBL 

applications in science education on: a). Academic performance; b). 

Affective-social dimensions; c). 21st-century skill development; d). 

potential drawbacks?” 

Method 

This research was carried out with the mixed-meta method, in which meta-

analysis and meta-thematic analysis processes were used together. In order 

to determine the effectiveness of the problem-based learning method in 

science education, this research was conducted within the framework of the 

mixed-meta method, using the meta-analysis process in the quantitative 
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dimension and meta-thematic analysis in the qualitative dimension. This 

method is aimed at dealing with both quantitative and qualitative data 

regarding document analysis in terms of integrity. In the mixed-meta method, 

while analyzing quantitative data with computer programs such as CMA and 

MetaWin; qualitative data is also analyzed with programs such as Nvivo and 

Maxqda. After the analysis, it provides the opportunity to combine and 

examine the products from these programs in a research. Therefore, it can be 

said that the mixed-meta method is a rich method (Batdı, 2020). The studies 

that we will include in the current mixed-meta research should be scientific 

as well as those that contain published and accepted quantitative or 

qualitative data (Batdı, 2021, p. 1218). In this study, meta-analysis and meta-

thematic analysis of studies based on PBL in science education were made, 

and the related process was presented within the framework of two headings: 

meta-analysis process and meta-thematic analysis process. 

Meta-Analysis Process 

Meta-analysis studies can be expressed as the synthesis of studies that have 

been more generalized based on the principle of combining the results of 

studies that serve the same or related purpose and which have been 

confirmed by many studies (Büyüköztürk et al., 2018, p. 239). In these 

studies, conclusions are drawn by combining and interpreting the statistical 

findings from different studies with similar objectives using specialized 

methods. Therefore, studies to be included in meta-analysis studies should 

include statistical findings (Büyüköztürk et al. 2018, p. 239). In the 

quantitative phase of this research, a meta-analysis process was applied to 

determine the effectiveness of PBL in Science Education. 

Data Collection 

In this context, “problem-based learning/teaching methods in science 

education/teaching,” etc., to reach the studies carried out in the literature on 

problem-based learning in science education. The databases of the National 

Thesis Center and Google Academy were searched by using keywords. 

Certain criteria were taken into account in the screening process. These 

criteria were included in the research, such as national or international 

publications, applications related to problem-based learning from science 

education, and examining the effects on students’ academic achievement. In 

addition to these, values such as the arithmetic mean, number of samples, 

and standard deviation (x, n, ss) that contain data suitable for meta-analysis 

were also taken into account. The studies that included the determined 

criteria were added to the scope of this research, and the unsuitable ones 

were not included. As a result, a total of 130 studies, including 80 theses and 
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50 articles, were reached by considering certain criteria, and 51 of the 80 

theses and 27 of the 50 articles were included in the meta-analysis. 

Analysis of Data 

Effect size is important in meta-analysis studies. The effect size is used to 

determine the effect value of the independent variable (causing) on the 

dependent variable (resulting). This value is determined according to the 

fixed effects model (SEM) and random effects model (Schmidt, Oh, & 

Hayes, 2009). The use of REM was preferred in the relevant research due to 

the limited availability of suitable conditions, according to SEM. While 

calculating this value, the “Cohen’s d” and “Hedge’s d” coefficients were 

used. In this study, the data in the meta-analysis study were conducted with 

the MetaWin and CMA 2.0 programs, and the level classification of 

Thalheimer and Cook (2002, p. 4-9) was taken into account in the 

interpretation of the Hedge’s g value obtained. Accordingly, if the effect size 

is between 0.15 and 0.15, it is insignificant; between 0.15 and 0.40, it is 

small; between 0.40 and 0.75, it is moderate; between 0.75 and 1.10, it is 

large; between 1.10 and 1.45, it is very large; and 1.45 and above, it is 

excellent (Thalheimer and Cook, 2002, p. 3-9).  

Meta-Thematic Analysis Process 

In the study, it was aimed at obtaining wide and rich data by integrating the 

findings of qualitative studies by making meta-thematic analysis within the 

scope of the second dimension. Meta-thematic analysis, based on document 

analysis, is often used in the social sciences. Meta-thematic analysis can be 

expressed as a process that involves obtaining qualitative studies on a 

specific subject related to document analysis, re-analyzing the raw data in 

these studies, and re-creating themes and codes (Batdı, 2019; 2020). In this 

context, the statement of Büyüköztürk et al. (2018) that a holistic perspective 

is obtained by organizing descriptive information and revealing themes in a 

comprehensible way in terms of thematic analysis supports the meta-

thematic analysis process. In this study, it is aimed at creating a more 

comprehensive perspective on the research subject by making a meta-

thematic analysis in addition to the meta-analysis in terms of a holistic 

understanding. Thus, in the research conducted, 15 studies that met certain 

qualitative criteria were added to the meta-thematic analysis process. 

Data Collection and Analysis 

In this research, data on the effectiveness of problem-based learning in 

science education were obtained with the document analysis technique. 
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Document review requires the analysis of all written materials that provide 

information about the case(s) that are planned to be investigated. It allows 

obtaining a holistic picture of the researched subject by associating the 

obtained information with each other within a certain framework (Yıldırım 

& Şimşek, 2018, p. 188). 

In this research, the contents of the studies that meet the appropriate 

conditions according to the criteria determined in the qualitative sense were 

examined in detail, and similar and common aspects were created. Thus, the 

analyzed data were classified by considering their structural and semantic 

common aspects and were interpreted and re-interpreted. As a result, studies 

containing raw data based on qualitative document analysis were 

reconsidered, interpreted, and presented with content analysis. In this process, 

qualitative data were obtained by analyzing the Mawqda-11 program. 

Coding 

Coding is an important process in meta-thematic studies. It can be defined as 

the process of coding and deciding on categories. The categories should be 

clear so that other researchers can come to the same conclusions when 

examining the same study. In published articles and theses, the researcher 

focuses on his particular research topic and establishes categories. 

Identifying categories is a very difficult process. Coding can be done by 

hand on paper as well as by using computer software. In computer coding, 

basic office software can be used in addition to word processors. These 

programs are like Caqdas, Maxqda, or NVivo. These are software programs 

specially developed for qualitative data analysis (Büyüköztürk et al. 2018, pp. 

261-262).  In this study, the meta-thematic analysis process was carried out 

with the Maxqda-11 program. The analysis identified five themes: the 

impact of PBL on “academic achievement,” “affective dimension,” “social 

dimension,” “twenty-first century skills,” and “negative aspects.” These 

themes were grouped, affective and social dimensions were handled under a 

group and given under the same model, and qualitative data were presented 

by creating a total of 4 models. 

 

Reliability in the Meta-Thematic Analysis Process 

It is a known fact that qualitative researchers will never be able to capture 

“truth or reality,” that is, objectively. Therefore, qualitative researchers use a 

number of strategies to increase the “credibility” of their findings (Merriam, 

2015, p. 205). At this point, in order to ensure and increase credibility, 

triangulation using multiple data sources, that is, comparing and crossing the 

obtained data with people with different perspectives, is required. The 
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involvement of more than one researcher in the processes of collecting and 

analyzing data in the same study is defined as researcher triangulation 

(Merriam, 2015, p. 206). In this research, from the beginning to the end, the 

two researchers acted together and exchanged ideas in the data collection, 

analysis, interpretation, and reporting processes.  Another approach is expert 

review or expert review. Examining the article and giving recommendations 

by an expert who is knowledgeable about the subject and methodology of the 

research also contributes to its credibility (Merriam, 2015, p. 210). In this 

study, opinions were received from a second expert researcher during the 

analysis, coding, and interpretation of the study, and necessary arrangements 

were made within these opinions. In addition to these, direct quotations from 

the analyzed sources and data for the themes and codes created were 

included in the meta-thematic analysis. While interpreting the findings, these 

direct quotations were included. The sources from which the codes and 

themes are taken are represented by “M” articles, while Council of Higher 

Education [CHE] national theses are coded with their own numbers. For 

example, ‘187146 p.71’ refers to the direct quote on page 71 of the thesis 

numbered 187146 in CHE. 

Results 

In this section, the findings obtained by the mixed-meta method for problem-

based learning in science education are included and interpreted. Meta-

analyses of quantitative data and meta-thematic analyses of qualitative data 

were made and presented. 

Findings Related to the Meta-Analysis Process 

Table 1 contains the findings regarding the meta-analysis process. 

According to the findings, the effect level in the calculations done using 

REM within the scope of the influence of PBL on the academic achievement 

of students in science education is 0.909 [0.737; 1.081]. This level of 

influence was determined at a large level in terms of the classification made 

by Thalheimer and Cook (2002, p. 3-9), and this revealed the conclusion that 

PBL has a positive effect on the academic success of students in science 

education. In addition, when Table 1 is examined, it is seen that the effect 

size for academic achievement (Q = 701.158; p.05) shows a heterogeneous 

distribution according to the heterogeneity test value. 

Figure 1 reflects the Funnel Plot data. This graph was obtained with 

the MetaWin and CMA data analysis programs, and there is the possibility 

of publication bias in the visual dimension of the results of the meta-analysis 

data set in the graph (Cooper et al. 2009, p. 428). In the analyses made with 

CMA or MetaWin programs, sometimes there may be deviations or  
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Table 1. Meta-Analysis Table. 

   95% Confidence Interval Heterogeneity 

Models n G Lower Upper Q P I² 

SEM 78 0,669 0,613 0,725 701,158 0 89,018 

REM 78 0,909 0,737 1,081    

 

 

 

 
Figure 1. Funnel Plot plot (Funnel Scatterplot). 

 

 

 

scattering in the effect size (Borenstein et al. 2009, p. 278). In this study, 

Funnet Plot results were examined to detect publication bias. According to 

the results, a value of 4561 was found, and this calculated value is the 

number of error protections used to minimize or eliminate publication bias in 

the meta-analysis process [Fail-safe (FSN)] (Rosenthal, 1979, p. 638). The 

value of 4561 obtained as a result of the calculations indicates that the bias 

can be reduced to zero by including 4561 studies in the current study. 

However, since this value is too high, it is not possible to reach this value. 

Therefore, it has been concluded that the relevant value does not contain 

publication bias since it requires a number of studies that are unlikely to be 

achieved (Cheung & Slavin, 2011, p. 288) and the data obtained by meta-

analysis is quite reliable. 

Findings Related to the Meta-Thematic Process 

In the meta-thematic analysis phase of the research, models created for the 

themes and codes of the data obtained from the qualitative studies carried out  
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Figure 2. The Effect of Problem-Based Learning (PBL) on Academic 

Achievement. 

 

 

 

to support problem-based learning in science education were included. As a 

result of the analysis, it has been determined that it consists of themes such 

as the effect of the PBL on “academic success,” “the affective-social 

dimension,” “21.yy skills,” and “negative aspects” of the PBL, and the codes 

of these themes. 

Figure 2 shows the codes for the effect of PBL on academic 

achievement. When the effect of PBL on academic success was examined, it 

was seen that expressions and codes such as “Providing permanent learning, 

providing meaningful learning, increasing success, and learning with fun 

instead of memorization” came to the fore. The expressions and codes of 

scientific studies that constitute a source in the creation of the codes of the 

effect of PBL on academic success “…1. It was very good that I got an exam 

59 and a second exam 90. My teacher is density, broken heart, d = m/v. Now, 

when I say broken heart, this is the first thing that comes to my mind. I don’t 

forget anymore. (451230, p. 135) “; “I was interested in problem-based 

learning. Nice method. We learn in an entertaining way. We started to love 

problem solving. We learn the definitions according to the cartoon 

characters. I’m in favor of continuing education like this. (191667, p. 121)”. 

In addition, other codes are detailed in Figure 2. 
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Figure 3. The Effect of Problem-Based Learning (PBL) on Affective-Social 

Dimension. 

 

 

 

In Figure 3, the effect of PBL on the affective-social dimension is 

given as two themes. As can be seen in Figure 3, some of the codes related 

to the effect of PBL on the affective dimension are “Increasing motivation, 

arousing curiosity, developing a positive attitude towards the course,” etc., 

codes can be given as examples. Examples of direct quotes from these codes 

are “I felt good; sometimes I got excited because I was curious. Trying to 

solve the question is instructive… It wasn’t boring, it was enjoyable… 

(504726, p. 246)”; “…It has changed; it has become more fun; my love has 

increased. The previous method was tedious (506216, p. 97)”. 

As can be seen in the second part of Figure 3, some codes related to 

the effect of PBL on the social dimension were determined as “student-

teacher being closer, helping, sharing, and gaining a sense of solidarity”. 

Direct quotations for these codes are “We were spending more time with our 

teacher and we were doing research on different things (487946, p. 83)”; 

“…Yes. Because it is very important to get the ideas of our friends and share 

them with them (313398, p. 151) “; “Working in the group is good. It 

provides solidarity. It enables working together. Intimacy grows. I enjoyed 

being in a group (562135 p. 101).” Other codes for the effect of PBL on 

affective-social dimensions are given in Figure 3 in detail. 

In Figure 4, the codes obtained regarding the effect of PBL on the 

21st century are shown. Some of the codes related to the effect on their skills  
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Figure 4. The Effect of Problem-based Learning (PBL) in the 21st century 

skills. 

 

 

 

were determined as “growing awareness of responsibility, contributing to 

collaborative learning and contributing to scientific process skills.”. Some 

of the expressions and direct quotations that can be references to these codes 

are “positive aspects: everyone knew and fulfilled their own responsibilities. 

More importantly, he sought help from his friends and tried to understand 

the subjects he did not understand. Negative aspects: When I assigned them 

as the group leader, they did not care about me and did not fulfill their 

duties…” (487946 p. 83) (T23); “Teacher, we are processing this ourselves, 

I did not understand the cell part very well, I did not understand it much 

because you explained it. I understood this unit better because we worked 

with the group here (451230 p. 135) “; “… In today’s world, where science 

and technology are developing at an incredible rate, giving such 

applications in lessons contributed to the development of our scientific 

process skills, which are an important component of science and technology 

literacy. Especially such applications made it easier for me to experiment, so 

my interest in the laboratory increased (343967 p.153)”. Other codes for the 

effect of PBL on 21st-century skills are given in Figure 4. 

Apart from the advantages of the problem-based teaching method in 

different aspects, it has been determined by analyzing the data that there are  
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Figure 5. Negative Aspects of the Problem-Based Learning (PBL). 

 

 

 

some negative aspects to this subject. In Figure 5, the codes related to the 

negative aspects of PBL are seen. Some of these codes were determined to 

be “time consuming, group irresponsibility, insufficient information 

resources and lack of communication in groups.” Some of the expressions 

and direct quotes that can refer to these codes are “Actually, it is productive. 

But it’s time-consuming. How many hours did I spend trying to solve the 

problem? There are additional questions, and I’m dealing with them. Time 

passed quickly before I could finish the topic (504726 p. 272)”; “Sir, we are 

working well with the group, but now M is doing something; M does not 

agree much; he makes fun of him; he acts according to his head; and 

because of him, we are discredited. (451230 p.132) “Positive: do not work 

as a group. Negative: lack of information resources (487946 p. 83)”; “The 

possible lack of communication between the members of the groups formed 

(200888 p. 70)”. Other codes related to the negative aspects of PBL are 

given in Figure 5. 

Conclusion and Discussion 

In this study, the effect of PBL in science education was determined by the 

mixed-meta method. This method is based on document analysis. Thus, the 

meta-analysis of the quantitative studies on PBL in science education and the 
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meta-thematic analysis of the qualitative studies were carried out together. In 

this context, it is aimed at evaluating the studies made with the PBL in 

science education with mixed-meta method. In this section, the data obtained 

as a result of the analyses are discussed by comparing them with the results 

of other studies in the literature. In the first stage of the research, which was 

based on document analysis, quantitative data were determined by meta-

analysis, and qualitative data were identified and presented in the second 

stage using meta-thematic analysis. The study, which was conducted 

concurrently with the research method, took a complementary and 

comprehensive approach. When the meta-analysis data were examined, it 

was concluded that PBL in science education had a positive and significant 

effect (g = 0.909) on the academic achievement of students. This suggests 

that the experimental group’s PBL activities are more effective at improving 

academic achievement than the control group’s traditional practices.  In 

addition, when the obtained value (g = 0.909) was compared with the level 

classification values determined by Thalheimer and Cook (2002, p. 4-9), it 

was concluded that this effect value was positive, large, and significant. 

When the results obtained in this study are compared with the study of Çınar 

and İlik (2013) in the literature, similar results were obtained, and it was 

concluded that PBL increased the success of the students in the 6th grade 

“Electricity Directing Our Lives” unit in a positive and meaningful way. 

In order to support and complement the results obtained from the 

meta-analysis, according to the results of the meta-thematic analysis of the 

data obtained from the qualitative studies, themes and codes related to the 

effectiveness of PBL in science education were obtained. Models were 

created for the themes and codes created. One of these themes is to 

determine the effect of PBL on academic achievement in science education. 

When the effect of PBL on academic achievement in science education is 

examined, it is concluded that codes are formed such as providing permanent 

learning, latent learning, that is, learners have knowledge involuntarily, and 

providing meaningful learning by discussing. As a result, when the findings 

obtained from this research were evaluated, it was understood that the 

problem-based teaching method increased the success of the learners, 

provided learning with fun instead of memorizing, and provided 

opportunities for easier learning. When the relevant literature is examined, it 

is seen that there are various studies that have a positive effect on the 

academic achievement of PBL in science education (Çayan & Karslı, 2014; 

Çelik, Eroğlu & Selvi, 2012; Demirel & Arslan-Turan, 2010; İnel & Balım, 

2010; Peterson & Treagust. 1998; Tatar and Oktay, 2011; Uluçınar-Sagir, 

Yalçın-Çelik and Öner-Armağan, 2009; Yurd and Olğun, 2008) and it was 

concluded that these studies are in parallel with the current research findings. 

Thus, according to the results of this research, which is also supported by the 

literature, it can be concluded that PBL increases the academic success of 
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students in science education. The second theme derived from the thematic 

analysis findings is to determine the impact of PBL on the affective-social 

dimension of science education. In this context, it is understood from the 

interpretation of the codes obtained that PBL in science education increases 

the willingness and interest of learners to participate in the lesson, shows a 

positive attitude towards the lesson, gives a sense of solidarity among 

students, and makes the lesson fun with a sweet competition. When the 

relevant literature was reviewed, similar and parallel results were achieved 

with the current research. As a matter of fact, Çelik, Eroğlu, and Selvi (2012) 

concluded in their study that PBL practices in science education develop a 

positive attitude towards science education in students. In addition, in the 

study conducted by Tosun and Taşkesenliğil (2012) and Aydoğdu (2012) 

with science teaching students, it was concluded that PBL increased students’ 

motivation and attitudes towards the lesson and made a positive contribution.  

The data collected through meta-thematic analysis sheds light on 

another topic: the impact of problem-based learning in science education on 

21st-century skills. The research results indicate that this approach 

contributes to learners’ scientific process skills, enhances their 

communication abilities, fosters collaborative learning, and facilitates 

experiential learning. In other words, it equips learners with the skill of 

active participation. The literature contains a variety of studies that support 

the current research findings.  As a matter of fact, in their study, Yaman and 

Yalçın (2005) examined the effect of PBL on the creative thinking levels of 

teacher candidates, one of the 21st century skills. At the end of the 

application, it was discovered that the pre-service teachers in the 

experimental group improved their creative thinking skills more than the 

students in the control group. Based on these findings, it can be inferred that 

the Problem-Based Learning (PBL) approach is more effective in enhancing 

creative thinking compared to traditional teaching methods. The last theme is 

the negative aspects of the problem-based teaching method in science 

education, one of the themes obtained in the mixed-meta study in line with 

the meta-thematic analysis, in addition to its positive aspects and 

contributions to learning. In this context, it has been determined that the 

challenges are difficult and complex, that there are conflicts among group 

members, and that there are negative features such as inexperience, 

arguments, group irresponsibility, time- consumption, and a shortage of 

materials. For this reason, in order to create healthier educational 

environments, it is important and recommended to eliminate the problems 

encountered in the problem-based teaching method in science education and 

to remove the obstacles. 
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Introduction 

INCE the 1960s, the theory of “participatory management” has 

become increasingly popular in various sectors. It is characterized by 

information sharing within the organization and the encouragement of 

employee participation in decision-making and the operation of the 

organization (Chen, 2009). The theory also provides justifications for 

maximizing teachers’ involvement in school management. Teacher 

involvement in school management refers to the process in which teachers 

actively participate in school decision-making and devote time and energy to 

the management of school affairs on the precondition that they have a 

comprehensive understanding of the school circumstances and sufficient 

communication with the school leadership (Liu, 2002). In China, the 

democratic management of schools is an important component of the 

construction of democracy at the grassroots level. With the continuous 

enhancement of their democratic awareness, Chinese teachers have become 

more active in speaking out on issues concerning their interests and demands, 

as well as participating in the decision-making and management of school 

affairs. This tendency is beneficial for safeguarding the democratic rights 

and legitimate interests of the teacher while also contributing to the 

establishment of a scientific and democratic decision-making mechanism in 

the school. 

In recent years, Chinese educational authorities have made multiple 

legislative efforts to clearly define the rights of the teacher in the democratic 

management of the school and the responsibilities and duties of teacher 

representatives and have formulated a series of regulations and supervision 

measures to ensure that the legitimate rights of the teacher to participate in 

school management are fully guaranteed. In response to the governmental 

moves, the schools have also carried out profound reforms in their 

management systems, experimenting with decentralized leadership and the 

“bottom-up” management strategy. Despite the many institutional supports, 

the actual level of teacher involvement in school management is still lower 

than expected (Chu, 2009). Based on the relevant literature, this article 

focuses on discussing the significance of teacher involvement in school 

management and summarizing its challenges in the Chinese education world 

with the intent to contribute to the construction of modern school governance 

systems in China. 

The Significance of Teacher Involvement in School 

Management 

S 
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The right of the teacher to participate in education management is an 

educational application of the democratic rights granted to the citizen by the 

Constitution. Teacher involvement in school management is also provided in 

the Teacher Law of China, with Article 7 of its Chapter 2 explicitly 

stipulating that the teacher is entitled to airing their opinions and suggestions 

on the school’s education, teaching, and management work and the work of 

education administrative departments, as well as participating in school 

management through the faculty congress and other means (Wang et al., 

2009). Teacher involvement in school management can benefit both the 

school and the teacher in multiple facets. 

Meeting the School’s Needs for Democratic 

Management and Scientific Development 

A democratic management climate is the primary feature of the modern, 

human-centric machinery of school governance (Chen, 2009). The school’s 

development is contingent on the efforts of all faculty and staff. The 

relationship between the school leader and the teacher is not simply one 

between the employer and employee. School leaders’ thorough 

understanding of the nature of the teaching profession and the teacher’s 

needs, as well as their capacity to build a highly collaborative team, is 

crucial for developing a democratic management mechanism in the school. 

Specifically, teacher involvement in school management is conducive 

to the improvement of the school’s management efficiency. By listening to 

the feedback from the teachers, the school leadership can have a clear 

understanding of the implementation status of their decisions. Accordingly, 

they can issue targeted instructions and deploy pertinent tasks to circumvent 

blindness and prejudice in their decision-making and improve their 

management efficiency (Liu, 1998). Also, involving teachers in the 

management and decision-making process by modifying the management 

hierarchy helps reduce the intermediary links and enables the teacher’s 

opinions and suggestions to directly influence the decision-making of the 

school (Yu, 1995). In addition, fully utilizing the professional knowledge 

and experience of frontline teachers can make school management better suit 

the actual teaching needs and reduce the chance of disconnecting it from the 

actual circumstances of the school as the result of excessive bureaucracy 

(Wu, 2008). 

Heightening Teachers’ Dedication to the Teaching 

Profession 
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Teachers’ involvement in school management can significantly enhance their 

dedication to their careers. First, involving teachers in setting the goals and 

plans for the school help boost their sense of responsibility. As a result, the 

increased ownership of these goals and plans can motivate teachers to devote 

more time to their implementation (Liu, 1998). Second, the policy of 

involving teachers in school management substantially increases their job 

satisfaction (Hu, 2014). When the teacher is involved in formulating 

schemes for performance evaluation and incentivization, they realize that 

decision-making processes like these are directly coupled with their own 

interests, which enables them to perceive the value of democratic 

participation, thereby improving their job satisfaction (Zhang, 2010). Third, 

the democratic style of school management can optimize the utilization of 

teaching resources, ensuring that each individual teacher has the opportunity 

to showcase their strengths, expertise, and competences and thus become 

more interested in their professional development. In this context, the teacher 

will identify more with their profession and be more ready to invest time and 

energy in their professional growth (Zhang, 2017). 

Issues with Teacher Involvement in School 

Management in China 

Teachers’ Reluctance to Be Involved in School 

Management 

Among the majority of Chinese teachers, pervasive is the mentality that a 

teacher should concentrate on their instructional work, while non-

instructional work is irrelevant to their responsibilities, and that they cannot 

spare any time and energy for school management given their heavy 

instructional workloads (Yao, 2016). Hou et al. (2019) argued that the 

reasons for this mentality are twofold: the teacher’s lack of recognition of 

their agency in school management and their loss of interest in it due to their 

unsuccessful experiences in this regard. According to Mei’s (2010) survey in 

primary schools, most teachers polled focused their attention on teaching 

work and matters related to their personal interests, rarely paying regard to 

other school affairs; they limited their professional development to the 

teaching level without developing adequate awareness of participating in 

school management. As a result, as school members, they made no 

contributions to the construction of a democratic management climate in the 

school. 

Furthermore, the teacher’s intention of management involvement is 

related to their attitudes towards the changes in the field of education. In the 

context of intensified educational reforms, Chinese teachers are developing a 
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fresh understanding of their roles as educators and nurturing more diverse 

needs, such as senses of belonging, professional security, and self-

actualization. Nevertheless, a portion of teachers who are insensitive or 

resistant to the ongoing transformations in the education world may still 

stick to the traditional notion of school management and exclude themselves 

from the efforts of school governance (Wang, 2023). Kong argued that there 

were two main reasons for this phenomenon. Firstly, the longstanding 

authoritarian culture in school management has led the teachers to believe 

that they do not have the discourse power in school governance. Secondly, 

the traditional hierarchical management pattern is deeply rooted in the 

teachers’ impression of school management that the responsibility of 

decision-making resides with school leaders rather than ordinary teachers 

(Kong, 2013). 

At the same time, certain researchers discovered that the teacher’s 

unwillingness to become involved in school management is also due to a 

lack of legitimate incentive mechanisms. Song’s research findings show that 

the majority of teachers did not receive any incentivization from the school 

or explicit invitations from the school leaders that encouraged their 

involvement in school management (Song, 2013). According to Liu’s and 

Wu’s study, school leaders tend to prioritize the evaluation of teachers’ 

instructional work but neglect their basic rights as school members, which 

largely obliterates teachers’ intention of participating in school management 

(Liu & Wu, 2014). 

Personal Factors Influencing the Teacher’s 

Involvement in School Management 

Gender, service durations, and concurrent administrative positions, among 

others, are the factors affecting the teacher’s participation in school 

management (Wang, 2023). There are significant gender differences in 

teachers’ involvement in school decision-making. According to Lin’s study 

of management involvement of Chinese primary and secondary teachers, the 

causes of these gender differences include that (i) the traditional prejudice of 

the woman taking a back seat is still pervasive and negatively influences 

female teachers’ position in school management; (ii) the stereotype of the 

married woman being the primary care provider in the family hinders female 

teachers from devoting time to the school’s management affairs; and (iii) the 

“assertive” presentation of male teachers in contrast to the more “gentle” 

attitudes of female teachers in the decision-making process makes the 

former’s opinions more likely to be accepted by the school leaders (Lin, 

2008). 

Moreover, senior teachers are more active in participating in school 

management than their junior counterparts (Wang et al., 2009). Lin’s 
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research found that teacher groups with prior service durations of 11–20 

years and 6–10 years both had higher levels of management involvement 

than the group with less than five years of service. Often, older teachers’ 

opinions have more weight in school decision-making than their younger 

peers; the overrepresentation of senior teachers in the faculty congresses of 

primary and secondary schools well mirrors the issue. Also, senior teachers 

with richer instructional experience are more likely to concomitantly act as 

team leaders, grade leaders, or administrators, thus being at an advantage in 

contributing to school decision-making (Lin, 2008). 

Lin’s study also suggests that teachers holding concurrent 

administrative positions have more discourse power than ordinary ones. The 

majority of Chinese schools adopt the pyramid-style management structure, 

which gives priority to management efficiency but at the expense of 

depriving ordinary teachers of the right to speak, resulting in the 

concentration of decision-making power in a handful of “high-ranking” 

school members. Ordinary teachers may have difficulty expressing their 

opinions through easily accessible channels to effectively influence the 

decisions of school leaders (Lin, 2008). 

A Lack of Organizational Arrangements for Involving 

Teachers in School Management 

Popular among Chinese schools is the principal responsibility system, which 

is basically a hierarchical management model where the decision-making 

power primarily resides with the principal-centered school leadership. With 

this system, there are few avenues for ordinary teachers to take on the 

management work, let alone be involved in the decision-making process 

(Hou et al., 2019). Some principals and their leadership teams still adhere to 

the outdated notion that teacher involvement in school decision-making 

undermines the efficiency and quality of this process in fear of the difficulty 

of reaching agreement when all staff has the right to speak (Wang, 2013). 

Yet, the teachers’ right to speak is crucial for promoting peer communication 

among them and developing their sense of belonging to the school. Also, it 

ensures that they have the opportunity to exercise their power to oversee the 

school’s operations (Zhang, 2020). However, in a school with an 

authoritarian climate, where the principal is the “boss” who orders the 

teacher what to do, there is no need for the latter to be shared with the 

decision-making power (Zhao et al., 2012). 

At the same time, in some of the schools that declared the 

implementation of democratic management, the deployment of democratic 

procedures is often superficial, only serving as a response to the 

requirements from the higher-level educational authorities (Hou et al., 2019). 

While the teachers are seemingly involved in school management, they are 
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only going through the motions in form. Over time, they develop the 

perception that their management involvement is ineffective and become 

indifferent to school affairs (Jin, 2019). In a survey on the role of secondary 

teachers in school management, nearly 60% of teachers polled contended 

that organizational arrangements in this regard are far from sufficient (Chen, 

2012). In addition, the faculty congress is not functioning as it should in the 

majority of schools, where ordinary teachers have no chance to express their 

real opinions (Hu, 2014). A survey of the faculty congress of the school 

found that 74% of respondents chose to “agree” or “fairly agree” with the 

statement that this organization is mere a formality with little substantive 

meaning (Yao, 2016). 

Conclusion  

In the context of educational reform and advancement, the teacher needs to 

take on more roles other than just being “Mr. Teaching.” Only when teachers 

truly participate in school management can school leaders, society, and the 

government understand the real circumstances of the school, the authentic 

needs of teachers, and most importantly, the needs of students as the future 

pillars of the country. To this end, it is imperative to institutionalize teacher 

involvement in school management by specifying the rights and 

responsibilities of the teacher in this area as well as the concrete enactment 

procedures to provide an institutional framework for ensuring their 

participation in school governance. Also, the school needs to strengthen 

teacher training on education management knowledge and competences to 

enhance teachers’ capacity for decision-making and management 

involvement. Equally important are consideration of the individual 

differences among teachers and the provision of personalized opportunities 

for management involvement to ensure each of them realizes their full 

potential in the most suitable management area. 
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Method to Assess Portfolios in 

Science Teaching

Mehmet Diyaddin Yaşar,1 Veli Batdi,2 Büşra Kilinç,1 Ayşe Nur Kiliç1 

 
1. Harran University, Şanlıurfa, Turkey 
2. Gazianep University, Gaziantep, Turkey 

 

The corrections should be made as below, 

 The (Alkan et al., 2019) used in the Methods section needs to be 

deleted. The Alkan et al. study is a mixed method [(Mixed 

methods design: a narrative literature review. Journal of 

Qualitative Research in Education, 7(2):559-582)]. However, 

the term used in our study is mixed-meta method. In addition, 

the term belongs to a different author and it has a completely 

different definition. (On the pages 3900 and 3914). 

 Instead of “(Büyüköztürk et al., 2018 p.259-260)” (Batdı, 2020, 

p.3) should be added under the title “Meta-analysis procedure”. 

(On the page 3903). 
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