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Abstract: Mathematical modelling is an effective approach that helps 

students develop a deep understanding of mathematical concepts by 

connecting mathematics to real-life contexts and to other disciplines. 

Model Eliciting Activities (MEAs) are student-centred processes in 

which learners use modelling methods to solve complex real-world 

problems. This case study aimed to design interdisciplinary MEAs for 

pre-service teachers, to evaluate these activities according to 

modelling principles, and to examine participants’ views after the 

implementation. The data consisted of the developed MEAs, video 

transcripts from the implementation process, and audio transcripts of 

semi-structured interviews. Content analysis, descriptive analysis, and 

rubric-based evaluation were used. The results showed that although 

the activities did not fully meet all modelling principles, they largely 

aligned with them and provided meaningful contributions to pre-

service teachers’ learning. Interview findings indicated that 

participants’ initially general views became more specific over time, 

and that interdisciplinary modelling activities increased both 

motivation and classroom interaction. 

 

 

Keywords: model eliciting activity; pre-service teacher; mathematical modelling; 

interdisciplinary approach; designing principles. 

 

 

Introduction  

 

In educational institutions, mathematics is often perceived as an abstract subject and 

there are difficulties in relating it to real life. However mathematical knowledge and skills are 

very much needed to make sense of and solve the problems encountered in daily life. In this 

context, mathematical modelling is a very effective teaching method to ensure the association 

of mathematics with real life and to alleviate the difficulties in association. With the 

implementation of activities involving mathematical modelling, daily life problems are 

transferred to the language of mathematics, making students aware of what mathematics does 

in real life and contributing to the development of students' mathematical knowledge and 

skills. Mathematical modelling is one of the most powerful components of the learning 

process, as it engages students in problem situations that they may encounter in their real 

lives or can imagine, thereby enabling the use and development of high-level cognitive skills 

(Borromeo Ferri, 2006; Lesh & Doerr, 2003; Stillman, Galbraith, Brown & Edwards, 2007).  
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Model-eliciting activities (MEAs) are designed to present problem situations, 

grounded in specific instructional principles, situated in real-world or hypothetical contexts, 

through which students are encouraged to develop and articulate mathematical models 

(Kaiser & Sriraman, 2006; Lesh & Yoon, 2004). Lesh and Doerr (2003) state that MEA was 

initially conceptualized by mathematics education researchers to enable students to reveal 

their modelling skills and to enable students to gain expertise in problem solving. Since its 

conceptualization, model eliciting activities have become a tool that can be used by teachers 

and students to help them develop their own competencies. 

Furthermore, because mathematical modelling addresses real-life or hypothetical 

situations, it naturally connects with multiple disciplines (Borromeo Ferri & Mousoulides, 

2017; English, 2017). Its use in teaching therefore supports the development of 

interdisciplinary learning environments by bringing together different fields of knowledge 

and fostering connections among them. Through this integration, students can approach 

topics or problems from multiple perspectives and develop deeper understanding by 

combining diverse knowledge and skills. Such learning environments encourage creative 

thinking and make learning more holistic and meaningful. In this respect, interdisciplinary 

teaching is closely aligned with the integration of STEM fields (Science, Technology, 

Engineering, and Mathematics), which frequently interact to address real-world problems. 

Many researchers emphasize that mathematical modelling serves as an effective tool for 

supporting interdisciplinary approaches such as STEM education (Banks & Barlex, 2014; 

Doğan et al., 2018; English, 2017; Kertil & Gürel, 2016). Accordingly, for both 

interdisciplinary teaching and mathematical modelling—key components of mathematics 

education—to be implemented effectively in schools, it is essential that pre-service teachers 

develop the necessary competencies. 

It is known that interdisciplinary teaching approach and mathematical modelling skills 

have a critical importance in today's education systems. Therefore, pre-service teachers need 

to have the necessary knowledge and skills to implement effective teaching strategies in these 

areas. Since current teacher education programs do not focus enough on these requirements, 

pre-service teachers' acquisition of skills such as solving real-world problems, developing 

interdisciplinary approaches, and mathematical modelling is often lacking. This study aims to 

address these deficiencies among pre-service middle school mathematics teachers and to 

equip them with the competencies required by the interdisciplinary modelling approach. In 

order for pre-service teachers to be prepared for the problems they will face in their 

professional lives and to effectively teach these skills to their students, it is very important 

that they are introduced to this teaching method and mathematical modelling from the 

beginning of their education process. One of the main objectives of this study is to contribute 

to the development of these competencies by pre-service teachers and to have a positive 

impact on both their professional development and the education of their future students.  

Unlike traditional educational approaches, interdisciplinary teaching approach and 

mathematical modelling emphasize students' active participation and problem-solving skills. 

Therefore, for pre-service teachers to apply these methods effectively, they need to receive a 

comprehensive education in these areas. This study aims to create a model to guide pre-

service teachers on interdisciplinary teaching and mathematical modelling in existing teacher 

education programs. This model will both contribute to the improvement of educational 

processes and help pre-service teachers better understand how to use these methods in the 

classroom. In this context, the research problem was defined as follows: "What are the 

characteristics of modelling activities designed by pre-service teachers using the 

interdisciplinary teaching approach?" Accordingly, the following sub-questions have been 

investigated: 
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Q1 What is the compatibility of the model eliciting activities created with the 

interdisciplinary teaching approach with the MEA design principles? 

Q2 How do pre-service teachers' views on STEM and MEA differ as a result of the 

implementation of model eliciting activities created with the interdisciplinary teaching 

approach?       

 

 

Related Work 

 

Research on the interdisciplinary teaching approach and mathematical modelling 

reveals that the combination of these two methods in education is very effective in improving 

the skills of students and teachers. Baker and Galanti (2017)’s study showed that 

mathematical modelling activities within the scope of interdisciplinary teaching contribute to 

teachers' professional development and that such activities make teachers' classroom 

practices more effective. Teachers' experience in interdisciplinary modelling processes 

strengthens both their teaching skills and students' problem solving and analytical thinking 

skills. 

The positive effects of mathematical modelling activities on students' attitudes 

towards mathematics are also among the remarkable findings. Maiorca (2016)’s study 

showed that interdisciplinary modelling activities increased students' interest in learning 

mathematics and positively affected their motivation towards mathematical concepts. It was 

observed that interdisciplinary modelling activities not only provide students with 

mathematical skills but also improve their ability to relate to other disciplines. 

Studies conducted with teachers and students indicate that the interdisciplinary 

teaching approach increases students' achievement. Güder and Gürbüz (2018)’s study 

revealed that interdisciplinary modelling activities improve students' interdisciplinary 

connection and analytical thinking skills. It was determined that both teachers and students 

learned more in-depth learning by making connections between different disciplines through 

interdisciplinary modelling activities. Teachers stated that students' problem-solving skills 

were strengthened in this process and that interdisciplinary learning led to positive results. 

It is emphasized that interdisciplinary modelling activities increase students' critical 

and systematic thinking skills and lead them to find solutions to real-world problems. In Suh 

and Han (2019)’s study, it was shown that students developed more in-depth solutions to 

social problems through interdisciplinary modelling projects. Interdisciplinary teaching 

enables students to look at complex problems from different perspectives and in this context, 

it allows students to combine their theoretical knowledge with practical applications. 

In general, interdisciplinary teaching and mathematical modelling activities have an 

important place in educational processes and develop students' skills in multiple ways. These 

approaches reinforce students' problem solving, analytical thinking and interdisciplinary 

connections skills, and encourage them to develop more effective solutions to real-world 

problems.  

 

 

Methodology 
Research Design  

 

This application was planned as a case study. Case studies are a qualitative approach 

in which the researcher examines a current event in a specific period in detail and 

comprehensively using various data collection tools, defines the situation or reveals themes 

related to the situation (Creswell, 2013). 
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The reason for choosing a case study in this study is the desire to conduct an in-depth 

and comprehensive investigation in accordance with the purpose of the study. The case study 

design is an ideal method to understand and evaluate the effects of mathematical modelling 

activities designed by pre-service middle school mathematics teachers with an 

interdisciplinary teaching approach. The case study allows us to analyse the effects and 

outcomes of the practice in depth by examining events and processes in detail in a real-life 

context. This approach offers flexibility to collect and analyse qualitative data such as 

classroom observations, student evaluations and interviews, allowing us to determine the 

extent to which the teaching activities were effective. It also provides valuable insights for 

future practice by identifying strengths and areas for improvement that emerged during the 

implementation process. Therefore, the case study method is the most appropriate option for 

achieving the objectives of our study and providing in-depth information. 

 

 
Participants 

 

In this study, participants were selected through purposive sampling, which is one of 

the non-probability sampling methods for the determined purpose. The study group consists 

of eight pre-service middle school teachers who were enrolled in the third year of their 

university program during the spring semester of the 2021–2022 academic year at the 

university where the researcher is employed. These participants are preparing to qualify to 

teach at the middle school level upon graduation. Since the modelling course is at the 3rd 

grade level, pre-service teachers from this grade level were selected. Pre-service teachers' 

participation in the study was voluntary. Only students who could ensure continuity in the 

study process were asked to participate in the study. The most important characteristic of the 

participants was determined as the willingness of the participants to design and implement 

teaching practices for the purpose determined during the study process. Within the scope of 

the study, a session was organized in which pre-service teachers were trained about the 

interdisciplinary teaching approach and modelling activities.  

The pre-service teachers who participated in the study were coded as T1, T2, ..., T8 

and their names were not included in the study. The participants were asked to form groups 

of 2 people and give names to their groups. Tab. 1. shows the demographic information of the 

pre-service teachers and the names of the groups they formed. 
 

Student Code Group Name Gender 

T1 MATHTIB Woman 

T2 MATHTIB Woman 

T3 Environmental Engineers Male 

T4 Environmental Engineers Male 

T5 Turtles Woman 

T6 Turtles Woman 

T7 Foxes Woman 

T8 Foxes Woman 

Table 1: Names and demographic information of pre-service teachers' groups  
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Research Instrument 

 

In this study, semi-structured pre and post interviews, audio recordings, video 

recordings and activities designed by the pre-service teachers were used as data collection 

tools.  During the activity process, audio recordings were taken by placing audio recorders 

separately in each group (3 in total), and the groups were placed in the classroom as far away 

from each other as possible so that the voices would not interfere with each other. In 

qualitative research, it is very important that the data collected with data sources are as rich as 

the variety of data collection tools (Temurtaş & Gürbüz, 2023). For this purpose, all practices 

were video, and audio recorded to prevent any data loss during the research process. In order 

to analyse the recorded data, they were transcribed and written down and strengthen the 

accuracy of the transcripts and to make the analysis correctly, the audio recordings and 

videos were reviewed by another expert, and the transcript data were reviewed. The majority 

of the study consisted of transcripts of video and audio recordings recorded during the 

practices. In addition, the permission of each participant was obtained for video and audio 

recording before starting the study. The activities designed by the pre-service teachers were 

asked to be as original as possible, but if there were activities that they benefited from, they 

were asked to give references. 

The implementation process and data collection were carried out face-to-face at the 

school and outside of class time in line with the consent forms obtained from the students and 

the permissions obtained from the university ethics committee. Each student was asked to 

participate in the application with a group of 2 people. At the same time, these activities 

should be interdisciplinary and should be planned according to the MEA steps, so the activity 

named "Global Warming" (Gürbüz & Doğan, 2019) was applied by the researcher as an 

example to clarify students' minds about the application before starting the teaching practice 

process. Students were asked to send their designs to the researcher before the 

implementation and to be checked by the researcher. During the teaching practice, each 

participant was asked to think aloud while solving the activity, to discuss the solution with 

his/her groupmate, and the discussions were audio recorded. They were also asked to show 

the solutions on the activity sheets provided. 

The pre-service teachers were asked to design with their own ideas as much as 

possible, which may be similar to the studies, but not exactly the same. In addition, it was 

reported that since they will teach mathematics at the middle school level in their future 

professional lives, the MEA activities created with the interdisciplinary teaching approach 

they designed in accordance with their field knowledge should be at a level that can be 

applied to middle school students. 

 

 
Reliability and Validity 

 

In qualitative research, the concept of trustworthiness is used instead of validity and 

reliability. The accuracy of qualitative research can be ensured within the framework of four 

factors: credibility, transferability, consistency and confirmability (Lincoln & Guba, 1985). 

What was done to ensure validity and reliability in this study is briefly explained below.  

Credibility is related to the extent to which the findings of the study are compatible 

with reality. In order for the study to be credible, individuals' thinking processes and 

observed events should be conveyed as accurately as possible (Miles & Huberman, 1994). In 

this study, long-term interaction, continuous observation, triangulation, use of tactics that 

support participant honesty, short interval meetings, expert opinion and detailed description 

of the phenomenon were used to increase credibility (Arastaman, Fidan & Fidan, 2018). 
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Transferability is related to the generalizability of qualitative research results. The 

generalizability of qualitative research is associated with the extent to which the findings 

obtained from the context of the research can be applied to other researches in a similar 

context by preserving their meaning and inferences. (Merriam, 2009; Miles & Huberman, 

1994). For this reason, in this study, clear and comprehensive explanations were provided 

about the research questions, purpose of the research, participant characteristics, data 

collection tools, data collection process, data analysis, implementation process of the 

activities, stages of the teaching practice, and student opinions. Consistency is related to the 

extent to which the meanings that the participants want to express are reflected in the findings 

of the research. It is important to use objective tools in qualitative research to increase 

consistency (Arslan, 2022). Therefore, the audio and video recordings taken during the 

teaching implementation process were evaluated together with the participants' worksheets 

and the consistency between them was examined. Verifiability is related to the degree to 

which the data obtained as a result of the research reflects reality and the researcher presents 

the data in a way that is free from a subjective approach. To ensure the reliability and 

transparency of the findings, the study's structure and data analysis process were clearly 

documented, ensuring that the results were derived directly from the participants' experiences 

rather than the researchers' personal influences. In this context, expert opinions were sought 

during the analysis phase. Furthermore, to maintain objectivity, all data collection sessions 

were video, and audio recorded with the participants' explicit permission and stored for 

verification. 

 

 
Data Analyses  

 

This study focused on the development, micro-teaching implementation, and 

evaluation of interdisciplinary Model Eliciting Activities (MEAs) by pre-service mathematics 

teachers. The resulting data were analysed through content analysis, descriptive analysis, and 

rubric evaluation based on model-building principles. Video recordings of the application 

processes and audio recordings of the students' solution processes were transcribed at the end 

of the application. Category and code lists were created for content analysis of the data 

obtained. In addition, the pre- and post-interviews conducted with the pre-service teachers 

were transcribed and organised into predetermined categories. Selected statements were 

included in the findings section as direct quotations, accompanied by interpretive comments 

related to the pre- and post-interviews. The interview questions and responses were originally 

collected in Turkish and were translated into English for analysis and reporting purposes. 

Activities designed in the context of the MEA need to have certain principles. These 

principles ensure that each MEA carries the desired curriculum and learning characteristics. 

In this study, each MEA designed by the students was examined within the framework of the 

principles of reality, model building, self-evaluation, documenting the structure, effective 

prototype, and model generalization in line with the indicators in Tab. 2.  
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Categories Indicators 

Reality principle -Selecting a problem that can be encountered in real life 

-The problem is meaningful for everyone 

-The problem meets a need arising from real life 

Model building principle -The problem situation requires the creation of a model 

-The problem situation is suitable for creating a model 

Principle of self-

assessment 

-Be able to evaluate own solutions 

-To be able to evaluate independently from the teacher 

-Be able to recognize whether they have successfully completed the 

solution without any confirmation 

Principle of documenting 

the structure 

-Effective presentation of the models created 

-The models created are clear and understandable 

Principle of effective 

prototyping (Simplicity) 

-The activity is simple and clear enough for all students to 

understand 

Model generalization 

principle 

-The developed model can be easily adapted for other situations 

-Reusability of the developed model 

 

Table 2: MEA principles and indicators 

 

Based on the categories and indicators presented above, a single analytic rubric was 

developed by the researcher. The categories (reality principle, model building, self-

assessment, documenting the structure, effective prototyping, and model generalization) were 

derived from the relevant literature on Model-Eliciting Activities, while the rubric itself was 

constructed by the researcher in alignment with these theoretical principles. The rubric is 

presented in Tab. 3. 

The rubric consisted of three performance levels (“Fully Meets,” “Partially Meets,” 

and “Does Not Meet”) and was used to evaluate the instructional methods designed by the 

pre-service teachers during their teaching practice. In this context, the rubric served both as 

an evaluation tool used during teaching practice and as a data source for the research analysis. 

Scores obtained from the rubric were used to systematically examine the extent to 

which the instructional methods reflected the principles of model-eliciting activities. Thus, 

the rubric functioned not only as a formative assessment instrument within the teaching 

practice but also as a framework ensuring consistency and transparency in the research 

analysis. 
 

 Fully Meets Partially Meets Does Not Meet 

Reality    

Model creation    

Self-assessment    

Documenting the structure    

Effective Prototype 

(Simplicity) 

   

Model generalization    

 

Table 3: Evaluation of activity according to MEA principles using an analytic rubric 

 

 

Findings 
Findings Related the First Sub-Problem 

 

The first sub-problem of the study was determined as "What is the conformity of the 

model eliciting activities created with the interdisciplinary teaching approach to the MEA 

design principles?".  For this purpose, the activities in question were examined on the basis of 

the design principles of model eliciting activities in the literature and the conformity of the 
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activities with the principles was evaluated as fully meets, partially meets and does not meet. 

The reality principle refers to the selection of problems that can be encountered in real life, 

are meaningful and correspond to a need. The principle of model building implies that the 

selected problems require building a model and are appropriate for this situation. The 

principle of self-evaluation involves students being able to independently evaluate their 

solutions and recognize whether the solution is successful or not without the need for a 

teacher. The principle of documenting the structure is about presenting the models created in 

a clear, understandable and effective way. The principle of effective prototyping explains that 

activities should be simple and clear enough to be understood by all students. Finally, the 

principle of model generalization refers to ensuring that the model developed is easily 

adaptable and reusable in different situations. 

In the ramp construction activity, the aim was to design an accessible ramp for the 

entrance of a building located in a designated area. The ramp was required to accommodate 

not only individuals with disabilities but also other user groups such as older adults and 

families with children. Pre-service teachers were asked to design a ramp that had a non-slip 

surface, was easy to use, had a maximum slope of 5%, and a minimum width of 100 cm. The 

designs were developed in accordance with these criteria. When the suitability of the reality 

principle is examined, it is clearly seen that this designed problem situation is a problem that 

is appropriate to reality and can be encountered in real life. In other words, it answers "yes" 

to the question "can this activity be encountered by students in real life?" (Lesh & Caylor, 

2007). Students started the activity with the idea of helping people they might encounter in 

their real lives. When the existence of the principle of model building is investigated, it is 

necessary for the pre-service teachers to design a ramp using mathematical models and to 

show the properties of the ramps they designed. In this context, the problem situation requires 

students to make a design instead of producing a word or a number as a product. For this 

reason, it is considered as providing the principle of model building. According to another 

principle, the principle of self-evaluation, the problem situation examines the extent to which 

students can decide the validity of the solutions they have developed by discussing them with 

their groupmates, in this context, the conversations between them while solving the 

MATHTİB ramp construction activity were analysed. The students discussed whether the 

calculations they made had a real-life equivalent and then evaluated the closeness of the 

drawing they made and the values they found to the normal and decided that their models 

were good without teacher approval. From this point of view, it is thought that the ramp 

construction activity provided the principle of self-evaluation. In case of a problem, the 

students were asked to help the engineers with the ramps they would propose, but they were 

not asked to prepare any report, so each group showed their ramp designs only by drawing 

and did not put their thinking stages in writing. In this respect, the activity partially fulfils the 

principle of documenting the construct. The drawings of the two groups showing how they 

solved the problem are given as Fig. 1. as examples of how this principle was evaluated. 
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Figure 1: Solution sheet of two groups for the ramp construction activity 

 

When the existence of the effective prototype principle in the activity is evaluated, it 

is sought that the activity should be simple and clear enough for all students to understand in 

order for this principle to exist. Because Lesh and Caylor (2007) stated that students should 

think in the same way when they encounter a similar problem even months later. However, in 

this study, it was not possible to analyse students' thoughts months later. Therefore, the 

existence of this principle was analysed only with the criterion that the activity was clearly 

understood by all students. Although the problem situation of the ramp construction activity 

was generally expressed clearly and comprehensibly, one of the features to be considered was 

"There should be railings on the sides of the ramps, and these railings should be at least 70 

and 90 cm and at most 100 cm." Since this feature created confusion among the students, it 

was evaluated as partially fulfilling the principle of effective prototype. Finally, during the 

activity, no situation was encountered to generalize the model created. In this case, it can be 

said that the principle of generalization of the model was not met. 

 

 Fully Meets Partially Meets Does Not Meet 

Reality X   

Model creation X   

Self-assessment X   

Documenting the structure  X  

Effective Prototype 

(Simplicity) 

 X  

Model generalization   X 

 
Table 4: Evaluation of the ramp construction activity according to MEA principles 
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The other activity is "I am designing a birdhouse". In the problem context of this 

activity, students were asked to design a birdhouse by taking the specified criteria into 

account. Within this framework, students were expected to design a birdhouse suitable for 

forested or green areas in their local environment and to base their designs on the dimensions 

of a bird species that is rarely observed in the region. To prevent birds from being harmed 

during entry and to provide a natural appearance, the design criteria included a circular 

entrance, the inclusion of a thin, cylindrical perch to allow birds to perch comfortably, and 

the placement of the birdhouse at an appropriate height to ensure protection from potential 

dangers. In addition, students were required to select materials that are durable under adverse 

weather conditions. 

Since birdhouses are objects that students can encounter or envision in their real lives, 

the activity "I am designing a birdhouse" was evaluated as providing the reality principle. 

When the existence of the principle of model building is examined, in the given problem 

situation, students need to design a birdhouse by making mathematical inferences and 

calculations to be suitable for the estimated volumes of the birds they choose. When the 

solution papers of the students were analysed, the groups researched the approximate 

measurements of the bird they chose from the internet and made plans accordingly. They also 

included many details reflecting the thinking steps in their drawings. For this reason, the 

activity "I am designing a birdhouse" was evaluated as providing the principle of model 

building. When the existence of the principle of self-evaluation was investigated, when the 

audio recording transcripts of the student solutions were examined, the environmental 

engineers group decided to finish the solution after examining whether there was anything 

else to do with their groupmate, the turtles group asked for support from the teacher about the 

material to be used for the birdhouse, and the MATHTIB group felt the need to ask the 

teacher several times during the solution phase. For this reason, when considered in general, 

the activity "I am designing a birdhouse" was evaluated as partially fulfilling the principle of 

self-evaluation. Students were asked to design a birdhouse by considering the features given 

in the problem situation. When the solution papers of the students were analysed, it was 

observed that the groups presented their designs and calculations in detail. For this reason, the 

birdhouse activity was evaluated as meeting the principle of documenting the structure. The 

solution papers of MATHTIB and the turtles’ group are given below. 
 

    
 

Figure 2: Solution sheets of two groups for the I design a birdhouse activity 
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The problem situation of the activity "I am designing a birdhouse" is clear and 

understandable. When the students' in-group conversations were analyzed, it was observed 

that they had no difficulty in understanding the problem statement of the activity. For this 

reason, I am designing a birdhouse activity was evaluated as providing the principle of 

effective prototype. Since the activity did not create the need to generalize the models created 

by the students for similar situations, I am designing a birdhouse activity was evaluated as not 

providing the principle of model generalization. 

 

 Fully Meets Partially Meets Does Not Meet 

Reality X   

Model creation X   

Self-assessment  X  

Documenting the structure X   

Effective Prototype (Simplicity) X   

Model generalization   X 

 
Table 5: Evaluation of I design a birdhouse activity according to MEA principles 

 

 
Findings Related the Second Sub-Problem 

 

The second sub-problem of the study is "How do pre-service teachers' views on 

STEM and MEA differ as a result of the implementation of model eliciting activities created 

with the interdisciplinary teaching approach?". In the analysis of this question, semi-

structured interviews conducted with pre and post interview questions with pre-service 

teachers were examined, and thematic analysis method was used. It is thought that the applied 

thematic analysis provides valuable information to understand how modelling activities 

created with the interdisciplinary teaching approach can be used more effectively in 

education and to develop teaching strategies. Through such analyses, educators can monitor 

the development of students' learning processes in detail and adapt their teaching methods 

accordingly. 

When the data obtained from the pre and post interviews were analysed, the themes 

given in Tab. 5. emerged. As examples of these themes, some of the pre-service teachers' 

answers are given as quotations. In addition, holistic inferences and interpretations obtained 

by analysing the responses of the pre-service teachers are also included in the Tab. 6. 
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Table 6: Thematic analysis of the data obtained from pre and post interviews 

 

As seen in Tab. 6. pre-service teachers' understanding of STEM education expanded 

at the end of the implementation and developed as an educational approach that includes 

science, technology, engineering and mathematics disciplines and where these disciplines are 

taught interactively. The pre-service teachers, who initially stated that they had only heard of 

the concept of STEM, better explained how STEM disciplines were integrated and their 

effects on students in the final interviews. Pre-service teachers' awareness and depth of 

knowledge about interdisciplinary connections increased. Pre-service teachers, who initially 

stated that disciplines such as science and mathematics can be related, explained in more 

detail how these disciplines are intertwined and how they are related to practical applications 
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in the last interviews. The pre-service teachers' understanding of mathematical modelling 

became more in-depth and applicable. In the pre-interviews, the pre-service teachers provided 

a general definition of mathematical modelling, but in the post-interviews, they expressed 

more clearly the applications of modelling in daily life and how it is used in problem solving 

processes. The pre-service teachers' understanding of the impact of modelling activities on 

education deepened. The students, who initially stated that modelling activities concretize 

abstract concepts, emphasized in the last interviews that these activities improve students' 

thinking skills and offer more than one solution alternative.  

In general, it is seen that pre-service teachers' understanding of STEM education, 

interdisciplinary association, mathematical modelling and the impact of model eliciting 

activities created with an interdisciplinary approach on education has deepened and 

developed over time. While more general statements were used in the preliminary interviews, 

more detailed and specific explanations were made in the final interviews. In addition, it is 

understood that modelling activities created with an interdisciplinary approach are effective 

in increasing student motivation and interaction. In addition, model eliciting activities created 

with an interdisciplinary approach offer students a more enjoyable learning experience. 
 

 

Discussion 

 

When the design principles of the model eliciting activities are examined in general, 

the principles of reality and model eliciting are provided, while the principles of self-

evaluation, documenting the structure and effective prototype are provided in one activity and 

partially provided in the other activity. The principle of model generalization was evaluated 

as not being met for both activities. In another study conducted by Yu and Chang (20011), 

the researchers examined the MEA designs prepared by four groups of middle school 

teachers. In the study, four activities prepared by the teachers were evaluated according to the 

principles of MEA design. Similar to the findings of this study, the researchers concluded that 

all the activities complied with the principles of reality and modelling but did not fully 

comply with the other four principles. The reasons why the MEA designs did not comply 

with the principles of self-evaluation, documenting the structure, model generalization and 

effective prototype (simplicity) may be due to various factors. For example, students' 

difficulty in clearly documenting their problem-solving processes, lack of sufficient guidance 

on how to generalize models to different situations and contexts, the complexity of the 

prototype development process, and teachers' lack of adequate training on these principles are 

among the factors that cause this situation. In addition, teachers' shortcomings in planning or 

implementing activities may also negatively affect the conformity of designs to these 

principles. These situations are the main factors that make it difficult for MEA designs to 

comply with certain principles. 

In the context of the second research question, the findings obtained from the semi-

structured pre- and post-interviews are presented within the themes. Within the framework of 

the theme STEM education, pre-service teachers were asked questions such as "Have you 

heard the abbreviations STEM before?", "If yes; where did you hear it?", "Can you explain 

what it means?", "Can you explain your thoughts about the STEM education approach?". 

When the findings were analysed, most of the pre-service teachers stated that they had heard 

the acronym STEM in the preliminary interviews but could not explain exactly what it meant. 

In the final interviews, each pre-service teacher was able to explain what the concept of 

STEM is. From this point of view, with this study, it was observed that pre-service teachers' 

understanding of STEM education expanded over time and developed as an educational 

approach that includes science, technology, engineering and mathematics disciplines and that 
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these disciplines are taught interactively. Similar to this result, Weinberg et al. (2021) stated 

in their study that pre-service teachers initially had a limited understanding of STEM 

concepts, but their understanding increased significantly through training and practical 

experiences. 

Within the framework of the theme of interdisciplinary relations, pre-service teachers 

were asked questions such as "Do you think technology, science, engineering and 

mathematics disciplines can be related to each other?", "If yes, how can this relationship 

be?", "Can science, technology, engineering and mathematics disciplines take place in 

education in relation to each other?", "How can they take place?", "What can be the positive 

and negative aspects of being related in this way?". When the findings obtained were 

analysed, it was seen that while the pre-service teachers gave examples of more general 

relationships between disciplines in the preliminary interviews, they gave more detailed 

explanations by giving examples from the activities carried out during the study in the final 

interviews. For this reason, it is thought that pre-service teachers' awareness and depth of 

knowledge about interdisciplinary connections increased. Similar to this result, Gainsburg 

(2013) stated in his study that the most inclusive activities in interdisciplinary connections are 

MEAS. 

Within the framework of the modelling and problem-solving theme, pre-service 

teachers were asked questions such as "Have you heard of the concept of mathematical 

modelling before?", "If yes, can you explain it?", "If no, what do you think mathematical 

modelling can be and where can it be used?". When the findings obtained were examined, it 

was seen that pre-service teachers' understanding of mathematical modelling became more 

in-depth and applicable. In the pre-interviews, the pre-service teachers made a general 

definition of mathematical modelling, but in the post-interviews, they expressed more clearly 

the applications of modelling in daily life and how it is used in problem solving processes. 

Similar to this result, Zbiek et al. (2024) found that pre-service teachers had general 

knowledge about mathematical modelling at the beginning of the study, but during the 

training process, they better understood the concept of mathematical modelling and expressed 

its applications in daily life more clearly.  

Within the framework of the theme of the impact of model eliciting activities created 

with an interdisciplinary approach on education, pre-service teachers were asked questions 

such as "Do you think model eliciting activities can be designed to cover STEM disciplines?" 

and "What are the positive and negative aspects of this situation?". When the findings 

obtained were analysed, the pre-service teachers stated in the pre-interviews that they thought 

that MEA could be applied in a way to cover STEM disciplines, but they thought that it could 

be challenging and confusing because they had not experienced this kind of activity before. 

In the last interviews, most of the pre-service teachers stated that model eliciting activities 

include STEM disciplines due to their structure and stated that such an application can be 

done. As a result, when the answers of the pre-service teachers are evaluated, it is observed 

that students' understanding of the impact of modelling activities on education has become 

deeper and more applicable. Like this result, O'Dwyer et al. (2023) concluded in their study 

that with the practical experience of STEM-based modelling activities, pre-service teachers' 

ability to teach STEM disciplines in a unifying way increased. 

In addition, in the final interview, the pre-service teachers were also asked questions 

such as "What did our activity process bring you?", "Is there anything you think would be 

better if we did this during the activity?", "Which activity did you like more? Why?", "Is 

there anything you want to add?" were also asked. In this context, the pre-service teachers 

stated that the information they learned and the experiences they gained through the activity 

process helped them better understand the concepts of STEM and modelling. The pre-service 

teachers suggested some improvements such as, increasing the number of groups could 
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diversify the solution methods and reveal variety to be seen. Most of the pre-service teachers 

stated that the activity process was very productive for them and they were generally satisfied 

with the activities, that the activity process provided them with in-depth knowledge about 

STEM and modelling, and that they had the opportunity to experience this knowledge in 

practice and learned a lot.  

 

  

Conclusion and Future Work 

 

As a result, the difficulty of applying all principles together in modelling activities is 

accepted by many researchers. However, it is stated that missing one or more of the design 

principles does not mean that the activities are unsuccessful (Carlson, Lersen, & Lesh, 2003; 

Paolucci & Wessels, 2017). Within the scope of this study, although not all the principles 

were fully met, it was concluded that the principles were met to a significant extent and thus 

activities that could be useful for pre-service teachers were designed. 

The general findings of the study show that pre-service teachers' understanding of 

STEM education, interdisciplinary connections, and mathematical modelling deepened and 

developed throughout the process. The pre-service teachers, who addressed the topic with 

more general statements at the beginning of the research, made more specific and detailed 

evaluations as the process progressed. This supports that modelling activities contribute to a 

deep and integrated understanding of mathematical content and practices necessary for 

STEM disciplines, as stated in Lehrer and Schauble (2015)’s study. 

In addition, it was observed that modelling activities designed with an interdisciplinary 

approach were effective in increasing pre-service teachers' motivation and in-class 

interactions. Such activities provide a more engaging and fun learning environment for pre-

service teachers, increasing their interest in learning and providing a positive learning 

experience. 

Based on the results of our study, we offer the following recommendations. In this 

study, it was concluded that some design principles were not fully met in the activities 

designed by pre-service teachers. In order to provide the design principles that do not fully 

meet the criteria, renewing the activities by focusing on these principles and taking into 

account the results obtained can ensure the production of model eliciting activities created 

with a better-quality interdisciplinary approach.  

In recent years, mathematical modelling has been taught as a course in universities. 

Within the scope of these courses, pre-service teachers' gaining experience in the use of 

mathematical modelling method can contribute to their more effective use of mathematical 

modelling in their professional lives.   

Although there are many emphases on the importance of STEM education, MEAs can 

be used as a tool in the transition to interdisciplinary education in our country, where there 

are limited studies on the implementation of the STEM education approach. 
 

 

Ethics Committee Decision 

 

Ethics committee permission for this research was obtained from Istanbul Medipol 

University Social Sciences Ethics Committee on 13.04.2022  

 

 

  



Australian Journal of Teacher Education  

 Vol 50 – Issue 4, December 2025    99 

References 

 

Arastaman, G., Öztürk Fidan, İ., & Fidan, T. (2018). Validity and reliability in qualitative 

research: A theoretical analysis. YYU Journal of Education Faculty, 15(1), 37-75.  

https://dergipark.org.tr/en/pub/yyuefd/issue/40566/491262  

Arslan, E. (2022). Validity and reliability in qualitative research. Pamukkale University 

Journal of Social Sciences Institute, 51(1), 395-407. 

https://doi.org/10.30794/pausbed.1116878  

Baker, C. K., & Galanti, T. M. (2017). Integrating STEM in elementary classrooms using 

model-eliciting activities: Responsive professional development for mathematics 

coaches and teachers. International Journal of STEM Education, 4(1), 1-15. 

https://doi.org/10.1186/s40594-017-0066-3   

Banks, F., & Barlex, D. (2014). Teaching STEM in the secondary school: Helping teachers 

meet the challenge. Routledge. https://doi.org/10.4324/9780429317736 

Borromeo Ferri, R., (2006). Theoretical and empirical differentiations of phases in the 

modelling process. ZDM. The International Journal on Mathematics Education, 38(2), 

86-95. https://link.springer.com/article/10.1007/bf02655883  

Borromeo Ferri, R., & Mousoulides, N. (2017). Mathematical modelling as a prototype for 

interdisciplinary mathematics education? – Theoretical reflections. In T. Dooley & G. 

Gueudet (Eds.), Proceedings of CERME 10 (pp. 900-907). Institute of Education and 

CERME  

https://hal.science/hal-01933490v1  

Carlson, M., Larsen, S., & Lesh, R. (2003). Integrating a models and modeling perspective 

with existing research and practice. Beyond constructivism: Models and modeling 

perspectives on mathematics problem solving, learning, and teaching, 465-478. 

https://tinyurl.com/35tnpy4p  

Chamberlin, S. A., & Moon, S. M. (2005). Model-eliciting activities as a tool to develop and 

identify creatively gifted mathematicians. Journal of Secondary Gifted 

Education, 17(1), 37-47. 

https://doi.org/10.4219/jsge-2005-393  

Creswell, J. W. (2013). Qualitative Inquiry & Research Design (Trans. M. Bütün & S. B. 

Demir). Ankara: Siyasal Kitabevi. 

Doğan, M. F., Şahin, S., Çavuş Erdem, Z., & Gürbüz, R. (2018). Investigation of teachers’ 

awareness of interdisciliplinary mathematical modeling problem. International 

Conference on Mathematics and Mathematics Education (ICMME-2018), Ordu 

University, 27-29th June, Ordu.  

https://tinyurl.com/2xs4n99t   

English, L. D. (2017). Advancing Mathematics Education Research Within a STEM 

Environment. Research in Mathematics Education in Australasia. 2012–2015, 17(353). 

https://doi.org/10.1007/978-981-10-1419-2_17  

Gainsburg, J. (2013). Learning to model in engineering. Mathematical Thinking and 

Learning, 15(4), 259-290.  https://doi.org/10.1080/10986065.2013.830947 

Güder, Y., & Gürbüz, R. (2018). Interdisciplinary mathematical modeling activities as a 

transitional tool for STEM education: Teacher and student opinions. Adıyaman 

University Journal of Educational Sciences, 8(2), 170-198. 

https://doi.org/10.17984/adyuebd.457626 

Gürbüz, R., & Doğan, M. F. (2019). Using mathematical modeling for integrating STEM 

disciplines: A theoretical framework. Turkish Journal of Computer and Mathematics 

Education, 10(3), 628-653. https://doi.org/10.16949/turkbilmat.502007  

https://dergipark.org.tr/en/pub/yyuefd/issue/40566/491262
https://doi.org/10.30794/pausbed.1116878
https://doi.org/10.1186/s40594-017-0066-3
https://doi.org/10.4324/9780429317736
https://link.springer.com/article/10.1007/bf02655883
https://hal.science/hal-01933490v1
https://tinyurl.com/35tnpy4p
https://doi.org/10.4219/jsge-2005-393
https://tinyurl.com/2xs4n99t
https://doi.org/10.1007/978-981-10-1419-2_17
https://doi.org/10.1080/10986065.2013.830947
https://doi.org/10.17984/adyuebd.457626
https://doi.org/10.16949/turkbilmat.502007


Australian Journal of Teacher Education  

 Vol 50 – Issue 4, December 2025    100 

Kaiser, G., & Sriraman, B. (2006). A global survey of international perspectives on 

modelling in mathematics education. ZDM, 38(3), 302-310. 

https://link.springer.com/article/10.1007/BF02652813  

Kertil, M., & Gürel, C. (2016). Mathematical modeling: A bridge to STEM education. 

International Journal of Education in Mathematics Science and Technology, 4(1), 44-

55. https://ijemst.org/index.php/ijemst/article/view/77  

https://doi.org/10.18404/ijemst.95761 

Lehrer, R., & Schauble, L. (2015). The development of scientific thinking. Handbook of child 

psychology and developmental science, 2(7), 671-714. https://tinyurl.com/4v6xr792 

https://doi.org/10.1002/9781118963418.childpsy216 

Lesh, R., Cramer, K., Doerr, H. M., Post, T., & Zawojewski, J. S. (2000). Model 

development sequences. In R. Lesh & H. M. Doerr (Eds.), Symbolizing, 

communicating, and mathematizing: Key issues in modeling and implications for 

learning mathematics (pp. 129-160). Mahwah, NJ: Lawrence Erlbaum Associates. 

https://tinyurl.com/bde67s9r  

Lesh, R., & Caylor, E. (2007). What is distinctive in (our views about) models & modelling 

perspectives on mathematics problem solving, learning, and teaching?. In W. Blum, P. 

L. Galbraith, H.-W. Henn, & M. Niss (Eds.), Modelling and applications in 

mathematics education (pp. 161-170). Springer US.  

https://link.springer.com/chapter/10.1007/978-0-387-29822-1_15    

Lesh, R., & Doerr, H. M. (2003). Beyond constructivism: Models and modeling perspectives 

on mathematics problem solving, learning, and teaching (pp. 3-33). Mahwah, NJ: 

Lawrence Erlbaum. https://doi.org/10.4324/9781410607713  

Lesh, R., & Yoon, C. (2004). Evolving communities of mind-in which development involves 

several interacting and simultaneously developing strands. Mathematical Thinking and 

Learning, 6(2), 205-226. https://tinyurl.com/sn7ju45y 

https://doi.org/10.1207/s15327833mtl0602_7 

Lincoln, Y. S., & Guba, E. G. (1985). Naturalistic Inquiry. Thousand Oaks, California: Sage 

Publications. https://doi.org/10.1016/0147-1767(85)90062-8 

Maiorca, C. (2016). A case study: Students' mathematics-related beliefs from integrated 

STEM model-eliciting activities.  Doctoral Dissertation, University of Nevada 

Department of Teaching and Learning, Las Vegas. http://dx.doi.org/10.34917/9112134 

Merriam, S. B. (2009). Qualitative research: A guide to design and implementation (2nd ed.). 

San Francisco (CA): John Wiley & Sons.  

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis; an expanded source 

book. Sage Publications. 

O’Dwyer, A., Hourigan, M., Leavy, A. M., & Corry, E. (2023). 'I Have Seen STEM in 

Action and It's Quite Do-able!' The Impact of an Extended Professional Development 

Model on Teacher Efficacy in Primary STEM Education. International Journal of 

Science and Mathematics Education, 21(Suppl 1), 131-157.  

https://doi.org/10.1007/s10763-023-10361-2  

Paolucci, C., & Wessels, H. (2017). An examination of preservice teachers’ capacity to create 

mathematical modeling problems for children. Journal of Teacher Education, 68(3), 

330-344. https://doi.org/10.1177/0022487117697636  

Stillman, G., Galbraith, P., Brown, J., & Edwards, I. (2007). A framework for success in 

implementing mathematical modelling in the secondary classroom. In C. Haines, P. 

Galbraith, W. Blum, & S. Khan (Eds.), Mathematical Modelling (ICTMA 12): 

Education, Engineering, and Economics (pp. 222-231). 

https://files.eric.ed.gov/fulltext/ED503746.pdf#page=691     

https://link.springer.com/article/10.1007/BF02652813
https://ijemst.org/index.php/ijemst/article/view/77
https://doi.org/10.18404/ijemst.95761
https://tinyurl.com/4v6xr792
https://doi.org/10.1002/9781118963418.childpsy216
https://tinyurl.com/bde67s9r
https://link.springer.com/chapter/10.1007/978-0-387-29822-1_15
https://doi.org/10.4324/9781410607713
https://tinyurl.com/sn7ju45y
https://doi.org/10.1207/s15327833mtl0602_7
https://doi.org/10.1016/0147-1767(85)90062-8
http://dx.doi.org/10.34917/9112134
https://doi.org/10.1007/s10763-023-10361-2
https://doi.org/10.1177/0022487117697636
https://files.eric.ed.gov/fulltext/ED503746.pdf#page=691


Australian Journal of Teacher Education  

 Vol 50 – Issue 4, December 2025    101 

Suh, H., & Han, S. (2019). Promoting sustainability in university classrooms using a STEM 

project with mathematical modeling. Sustainability, 11(11), 

3080.  https://doi.org/10.3390/su11113080  

Temurtaş, A., (2023). Teacher's role in the implementation of interdisciplinary mathematical 

modeling applications. Doctoral Dissertation, Adıyaman University, Institute of 

Science, Adıyaman. https://tez.yok.gov.tr/UlusalTezMerkezi/tezSorguSonucYeni.jsp  

Yin, R. K. (2002). Case study research design and methods (3rd ed). London: Sage 

Publication. https://tinyurl.com/2s3bnevt  

Yu, S. Y., & Chang, C. K. (2011). What did Taiwan mathematics teachers think of model-

eliciting activities and modelling teaching?. Trends in Teaching and Learning of 

Mathematical Modelling: ICTMA14, 147-156. 

https://link.springer.com/chapter/10.1007/978-94-007-0910-2_16  

Weinberg, A. E., Balgopal, M. M., & Sample McMeeking, L. B. (2021). Professional growth 

and identity development of STEM teacher educators in a community of practice. 

International Journal of Science and Mathematics Education, 19, 99-120. 

https://tinyurl.com/c7xctsc8  https://doi.org/10.1007/s10763-020-10148-9 

Zbiek, R. M., Peters, S. A., Galluzzo, B., & White, S. J. (2024). Secondary mathematics 

teachers learning to do and teach mathematical modeling: a trajectory. Journal of 

Mathematics Teacher Education, 27(1), 55-83. https://doi.org/10.1007/s10857-022-

09550-7  

 

 

Acknowledgements 

 

This paper was produced from the doctoral dissertation prepared by the first author, 

under the supervision of the second author. 
 

 

  

https://doi.org/10.3390/su11113080
https://tez.yok.gov.tr/UlusalTezMerkezi/tezSorguSonucYeni.jsp
https://tinyurl.com/2s3bnevt
https://link.springer.com/chapter/10.1007/978-94-007-0910-2_16
https://tinyurl.com/c7xctsc8
https://doi.org/10.1007/s10763-020-10148-9


Australian Journal of Teacher Education  

 Vol 50 – Issue 4, December 2025    102 

Appendix 1 – Ramp Construction Activity 
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Appendix 2 - Desing a Birdhouse Activity 

 

 

 
Appendix 1 and appendix 2 are original student worksheets from the study are 

presented in their native Turkish in the Appendix; however, for the sake of clarity, 

comprehensive descriptions of these activities are provided in English within the main body 

of the text. 
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Appendix 3 - Semi Structured Interview Questions 

 

 
 

 

The following interview questions were originally prepared in Turkish for data 

collection and have been translated into English for better understanding. 
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