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Abstract: This study aims to analyze the process of designing Hypothetical 

Learning Trajectory of STEM Learning assisted by Artificial Intelligence (AI) 

for prospective teachers and its application in Madrasah Ibtidaiyah Mathematics 

courses. This research method used a design research (DR) with a qualitative 

approach. The subjects of this study were Prospective elementary school 

teachers Madrasah Ibtidaiyah students totaling 102 people from 25 groups. This 

study was divided into three stages, namely preparation of the experiment 

(design), implementation of the learning experiment, and retrospective analysis. 

The data collection techniques used in this study were observation, interviews, 

and questionnaires. Then the data was analyzed qualitatively with the stages of 

data reduction, data presentation, and drawing conclusions. The product of this 

study was an estimate of the STEM learning trajectory assisted by Artificial 

Intelligence (AI) which contained the following activities: exploring 

information, finding learning concepts, initiating ideas, and developing ideas. 

These four activities were carried out in a two-cycle experimental activity. After 

the activities were carried out, the prospective teacher students showed that they 

could design activities according to the stages given. There were 8 activity 

designs at the pilot experiment stage and 17 activity designs at the teaching 

experiment stage. The results of the activity design should be tested to suit the 

students' abilities. 
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Introduction  

Mathematics learning plays an important role in the formation of the cognitive 

foundation of elementary school students. However, many prospective primary school 

teachers still experience difficulties in understanding and teaching basic mathematical 

concepts effectively (Superfine et al., 2020; Yilmaz, 2020). This creates a need for innovative 

approaches in mathematics education for prospective primary school teachers. Furthermore, 

Copur-Gencturk et al (2019) identified a gap between knowledge of mathematical content 

and pedagogical knowledge of mathematical content among prospective teachers, resulting in 

challenges in transferring their understanding into effective teaching practices. This creates a 

need for innovative approaches in mathematics education for prospective primary school 

teachers. 

The gap between the knowledge of mathematical content and the pedagogical 

knowledge of mathematical content among prospective teachers, results in challenges in 

transferring their understanding into effective teaching practice. Jakobsen et al. (2016) point 

out that while prospective teachers may have a good understanding of mathematics, they 

often have difficulty applying this knowledge in a teaching context. As a result, elementary 

school students may not receive the strong mathematical foundation they need to succeed in 
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further education and future careers (X. Chen, 2009; Y. Chen et al., 2024; KAZU & 

YALÇIN, 2021). In fact, effective early mathematics learning has an important role for long-

term academic achievement and career success (Lang et al., 2018). 

To address this problem, an interdisciplinary approach that combines modern 

technology with strong learning theories has shown promising results. For example, the 

integration of STEM-based learning (Science, Technology, Engineering, and Mathematics) 

has been proven to improve conceptual understanding and problem-solving skills of 

prospective teachers (Yildirim, 2021). Additionally, the use of Artificial Intelligence (AI) in 

teacher training has shown the potential to provide a more personalized and adaptive learning 

experience (Ayala-pazmi & Hisp, 2023; Lin et al., 2023). 

Yildirim (2021) further elaborates that STEM learning in the education of prospective 

mathematics teachers not only improve conceptual understanding, but also develop 21st-

century skills. Yildirim emphasized that STEM-based learning experiences help prospective 

teachers develop "pedagogical design capacity" - the ability to design meaningful and 

relevant learning experiences for students. This is especially important given the challenges 

faced in transferring content knowledge into effective teaching practices, as identified by 

Jakobsen et al (2016) Furthermore, Yildirim (2021)argues that STEM learning can help 

bridge the gap between theory and practice, giving aspiring teachers the opportunity to apply 

their mathematical knowledge in a broader real-world context, aligning with the demands of 

future careers. 

The integration of STEM learning with Hypothetical Learning Trajectory (HLT) in 

mathematics learning has emerged as a promising area of research. HLT, which provides a 

framework for planning and analyzing math learning, can be enriched with context and 

applications from other STEM disciplines. Wickstrom et al. (2022) demonstrated how HLT 

can be used to design math learning in an engineering context, allowing students to see the 

relevance of mathematics in real-world problem-solving. In line with this, Stohlmann et al. 

(2020) explore the use of HLT in the development of an integrated STEM curriculum, 

demonstrating that this approach can improve students' conceptual understanding and 

knowledge transfer abilities across disciplines. Furthermore, Wan et al., (2023)identified that 

the use of HLT in STEM contexts can help teachers anticipate and overcome student 

misconceptions more effectively, especially when mathematical concepts are applied in 

interdisciplinary situations. Hanan & Agoestanto  (2022) dan Sastradika & Defrianti (2020) 

expand this understanding by showing how HLT can be used to design STEM learning 

experiences that support the gradual development of students' mathematical reasoning. This 

integration of STEM and HLT not only increases the relevance and applicability of math 

learning, but also supports the development of problem-solving and critical thinking skills 

that are essential for success in today's digital age. 

The exploration of the integration of STEM (Science, Technology, Engineering, and 

Mathematics), Hypothetical Learning Trajectory (HLT), and Artificial Intelligence (AI) in the 

development of mathematics learning has emerged as a promising and innovative research 

area. Triplett (2023) demonstrates how AI can be used to optimize STEM-based learning, 

including in the context of mathematics, by providing a more personalized and adaptive 

learning experience. In line with this, Hwang et al. (2020) explored the use of AI-based 

intelligent learning systems to support the implementation of HLT in STEM learning, 

demonstrating significant improvements in students' conceptual comprehension and problem-

solving skills. Chen et al. (2022) further identified the potential of AI in predicting and 

analyzing student learning trajectories in STEM contexts, allowing for real-time adjustments 

to the HLT used. Research by Wan et al., (2023) shows how the integration of AI in STEM-
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based math learning can help identify and address student knowledge gaps more effectively, 

aligned with HLT principles. Furthermore, Triplett (2023) explore the use of machine 

learning techniques to optimize the design and implementation of HLT in the context of 

STEM integrated mathematics learning, demonstrating the potential of AI to improve the 

effectiveness and personalization of learning trajectory. The integration of these three 

elements – STEM, HLT, and AI – not only offers the potential to improve the quality and 

effectiveness of math learning, but also paves the way for the development of educational 

models that are more responsive and adaptive to the individual needs of students in the digital 

age. 

There has been a lot of research related to HLT design such as (Agustiani & 

Nursalim, 2020) related to the logic of proof in the mathematics education study program, 

(Prahmana & Kusumah, 2016) related to mathematics learning in the mathematics education 

study program, (Efriani et al., 2023) related to STEM but for PGPAUD students, (Susanti & 

Kurniawan, 2020) related to number patterns in junior high school. This shows that research 

is important to be carried out in order to know the students' conjectures and ways of thinking. 

However, learning design research that contains allegations has never been conducted with 

prospective elementary school teacher students. Based on the results of observations with 

PGMI students who have taken field practice courses (internships), it turns out that when 

students practice, they teach mathematics like what they get when they are students. So that 

there are no learning stages that are in accordance with the activity. The activities are given 

without any conjecture and the flow of students' thinking. Therefore, it is important to teach 

design, especially PGMI students. This is because PGMI students will later become teachers 

in elementary schools (Ahmad et al., 2018; Kenedi, 2018). Elementary school is the first 

formal school that is the foundation for students to understand the concept of the material 

received. Thus, the researcher will conduct research related to AI-assisted STEM learning 

design by prospective PGMI teacher students. This study aims to analyze the process of 

designing Hypothetical Learning Trajectory of STEM Learning assisted by Artificial 

Intelligence (AI) for prospective teachers and its application in Madrasah Ibtidaiyah 

mathematics courses. 

 

Research Method 

This type of research is a design research (DR) (Gravemeijer, 2016; Prahmana, 2017) 

with a qualitative approach that aims to describe the process of designing a Hypothetical 

Learning Trajectory for Artificial Intelligence (AI)-assisted STEM Learning for Teacher 

Prospective Students. This research activity has been carried out in the even semester of the 

2023/2024 school year. The subjects in this study are PGMI 7 teacher candidate students for 

cycle 1 and PGMI 8 and PGMI 9 teacher candidate students for cycle 2. The selection of 

research subjects used purposive sampling techniques. The experimental activities in this 

study were carried out offline. In addition, this study involved 3 experts for the HLT 

validation process. 

This research is divided into three stages, namely the experimental preparation stage, 

the experimental design stage, and the retrospective analysis stage (Gravemeijer, 2015). 

Based on the theory of design research implementation, these stages take place in several 

cycles, where the research subjects in each cycle come from different classes. These cycles 

depend on the purpose of the research. In this study, the stages of design research are carried 

out in two cycles. 

The data collection techniques in this study are questionnaires, observations, 

interviews, and documentation. The questionnaire instrument is used during expert reviews to 
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get input and recommendations from experts about HLT. Interviews and observations were 

conducted to obtain data on the implementation of the HLT designed and its impact in 

supporting students in designing learning. The objects observed in this activity are the 

learning process and student design results. All research data is documented. 

According to Bogdan and Biklen (Moleong, 2019), qualitative data analysis is a data 

processing activity that includes organizing data, sorting data into units using data codes, 

synthesizing, searching and finding patterns, reducing important data, and deciding what to 

describe to others. Qualitative data analysis is carried out continuously during research 

activities and intensively after leaving the research field to identify data that may be able to 

answer research questions (Moleong, 2019). In general, the steps of qualitative data analysis 

include data reduction, data presentation, and drawing conclusions. In this study, the data 

analyzed were HLT validation and HLT implementation. 

 

Results and Discussion 

In the Preparation stage of Trial/Experiment Activities, it begins by reviewing the 

theory and designing HLT. HLT contains mathematical goals, teaching learning activities, 

and conjectures of student's thinking. Based on the study of theory and experience of 

researchers teaching MI mathematics, the researcher compiled HLT which consists of 4 

learning activities, namely activities to explore information, find learning concepts, initiate 

ideas, and develop ideas. These four activities are a series of activities that are suspected to 

help students design MI mathematics learning. 

Furthermore, the HLT was carried out by an expert review process with 3 experts 

(MY, IBS, HT). From the results of the review, MY and IBS experts suggested describing the 

activities according to the STEM stages. Based on discussions with the team, the activities 

used are still the four activities, while the description of the STEM stages is described in 

activity 3 (idea initiation) and activity 4 (idea development). This is because of the 

researcher's hope that STEM learning will be implemented when prospective teacher students 

carry out the third and fourth activities. Meanwhile, the activity designed is a stage of how 

prospective teacher students can apply STEM learning assisted by artificial intelligence. 

Another review result is to adjust learning objectives to the ABCD (Audience, Behaviour, 

Condition, and Degree). As for the suggestion, the conjecture of the students' answers 

remained the same as the previously designed activities. This is because the design made is a 

learning design that will be carried out by students related to pedagogic, not conceptually that 

can be solved mathematically, so that the conjecture is a process of learning implementation. 

The results of the HLT that have been revised are as shown in figure 1.  

 
 

                   Figure 1. Hyphotetical Learning Tracjectory (HLT) STEM Learning 

After the HLT and instruments have been reviewed and repaired, it will be continued with the 

next stage, namely the implementation stage. In the implementation stage, the HLT design 
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results in the form of four activities were piloted to the pilot experiment stage. At this stage, it 

has been piloted in 1 class, namely PGMI 7 whose members are divided into 9 groups. The 

results of the activities produced are as follows: 

In activity 1, exploring information, the goal is to multiply the information to 

inventory the suitability of mathematical material and group the problems according to the 

difficulty. Based on the results of exploring information, it turns out that the difficulties of 

mathematics material experienced by elementary school students and students' experiences 

when they are in elementary school are the volume material to build space. According to the 

P1 teacher, most students are not able to use formulas to solve a problem. In addition, 

according to the P2 teacher, students have difficulty understanding the basic concept of 

building a space, especially if they do not have a solid foundation in geometry. So that the 

volume material to build this space will be designed for learning. 

In activity 2, finding the learning concept, which is to find a learning concept based 

on the results of exploring information obtained related to the difficulties of mathematics 

material in MI/SD, then it is continued by finding the learning concept with the aim of 

reviewing literature related to mathematics material, whether the mathematics material taught 

at school is appropriate or not so that the results of the study can overcome the difficulties of 

learning mathematics or not. Furthermore, students are given activity sheets to try to make a 

design plan based on the results of the study, so that they can design solutions to MI/SD 

mathematics learning problems. The following are the results of the K1 and K6 design 

designs from the results of the concept understanding made as shown in figure 2. 

 
Figure 2. Understanding the Concept of Properties of Cube K1 and K6  

From the results of the conceptual understanding that has been carried out, it can be seen that 

K1 and K6 found different concepts, for K1 the concept found is correct using contextual 

objects, namely erasers, while K6 the contextual objects used are not appropriate, namely 

pencil boxes, pencil boxes used do not meet the characteristics of the blocks, the angle of the 

beam formed is not 90 degrees. In addition, at the stage of the model of seen for K1 to utilize 

the context used by understanding the parts of the block, while for K6 to directly determine 

the nets do not utilize the context used. The activities used by K6 in the model of and model 

for stages are the same, so that the level of conceptual understanding for block property 

material is not seen. In addition, the design of the concept understanding given should be 

related to the volume material of the beam, not the properties of the beam. This shows the 

need for prerequisite material that must be understood so that the concepts given are in 
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accordance with the directions and stages. This is because to study the volume of building a 

space, first know the building properties of the space. 

In the third activity, initiating idea, is carried out using the help of artificial 

intelligence for idea discovery in designing MI/SD mathematics learning designs. In addition, 

students can also choose a context related to MI/SD mathematics material. Furthermore, 

students connect contexts related to the material with STEM and use the PMRI concept. In 

initiating ideas, students use artificial intelligence, namely chat gpt.  

 The results obtained from the search using chat gpt are storage of goods and packing. 

From this idea, students use the context of boxes in the delivery of goods by couriers. From 

this context, stages are designed in accordance with the PMRI stages. In the Contextual stage, 

students choose the right boxes according to the number and size of the goods they will be 

sent. In the Model of : Students are able to observe how several factors, such as the size and 

shape of the goods, as well as the availability of boxes, affect the selection of boxes for 

delivery. In the Model for: students begin to compare how large the goods will be delivered 

with the boxes needed to accommodate all the goods. In the Formal stage: Students use the 

formula for the volume of the block space: Length x Width x Height. Furthermore, the 

relationship with STEM. In Science: Knowledge of physics will consider the material 

properties of the goods to be shipped, such as weight, density, and strength. Technology: 

Technology can be used to develop software or applications that help calculate the volume of 

goods and select the right boxes. In engineering: Engineering principles are used in designing 

efficient and sturdy boxes. This includes the selection of appropriate materials, structural 

design to support the load, and optimal use of space to minimize the waste of free space. In 

mathematics: calculation of the volume of the space, volume and mileage, as well as to 

predict how changes in the size or number of items will affect the choice of the box needed. 

In the fourth activity, developing idea, the stages of activities are presented in 

accordance with STEM learning using the engineering design process (EDP) stages. In 

addition, this EDP stage is also linked to the STEM and PMRI concepts that have been 

planned in the activity of initiating ideas. There are 5 stages of the engineering design process 

(EDP) used, namely problem analysis, problem identification, initiating ideas, testing ideas, 

and communicating. At the problem analysis stage, the initial design made does not appear to 

show the problem used, but after experiencing improvements, the questions expressed are 

adjusted to the designed concept, and lead students to answer based on the given problem. In 

the problem identification stage, the initial design of the question is almost the same as the 

problem analysis stage and the question asks students to determine how to determine the 

volume of the beam. In fact, it is better for students to identify questions at this stage based 

on the problems given by accompanying students to find the concept. At the stage of 

conceptualizing ideas, questions are given related to what ideas can be used to solve 

problems. The ideas used are adjusted to the PMRI stages where students are asked to 

provide ideas in solving problems starting from the use of non-standard measuring tools, 

standard measuring tools ending with the use of formulas. Furthermore, at the stage of testing 

the design, students should be able to do it based on experience and practice so that there are 

many assumptions generated. Meanwhile, at the stage of communication, students should be 

able to conclude problems from the activities that have been carried out, instead of asking 

how the understanding of concepts can be used in life. From the results of the pilot 

experiment stage, there are several improvements, namely the HLT application process 

should be given to subjects who already have an understanding of mathematical concepts so 

that they do not have difficulties in the stage of finding learning concepts. The researcher 

asked students to use diverse artificial intelligence, not just ChatGPT in initiating ideas. At 
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the idea development stage, previously students only developed ideas using the EDP stage 

which contained questions and answers but not perfectly, so improvements were made by 

students being asked to develop ideas produced by utilizing artificial intelligence to make 

them more interesting and disseminated. 

Furthermore, after making improvements from the pilot experiment stage, it was 

continued to the teaching experiment stage. At the teaching experiment stage, it was piloted 

in 2 classes, namely PGMI 8 and PGMI 9 with 17 groups. The selection of subjects is 

adjusted to the results of the previous stage improvement, namely choosing subjects who 

already have an understanding of mathematical concepts. The subject of this teaching 

experiment has received materials/lectures related to the stages of teaching MI mathematics 

according to the concept. 

In activity 1, exploring information in the teaching experiment stage, it turned out that 

the material that was difficult for students to understand, namely the volume of the space. 

This is the same as what was done in the pilot experiment stage. In activity 2, finding the 

learning concept, did not experience problems like in the pilot experiment stage. This is 

because the concept of the subject chosen is adjusted to the results of improvement, namely 

choosing subjects who already have an understanding of mathematical concepts, so that it 

makes it easier in the process of finding the learning concepts according to the difficulties 

experienced. The concepts used for learning the volume of space building material are in 

accordance with the PMRI stages that have been designed, starting from the use of 

contextual, then at the model stage of using non-standard measuring tools, at the model stage 

for using standard measuring tools and the formal stage namely the use of formulas. 

In the third activity, initiating idea, is carried out using the help of artificial 

intelligence for idea discovery in designing MI/SD mathematics learning designs. Because 

students already have an understanding of finding concepts so that in initiating ideas with the 

help of Artificial Intelligence they are more directed and the ideas given are also more 

interesting. The context used is to measure the volume of ice stone molds. From this context, 

stages are designed in accordance with the PMRI stages.  At the contextual stage: Making ice 

cubes from water (liquid). At the model stage of: Measure using non-standard tools the 

volume of water needed to make ice cubes. At the model stage for: Measuring using raw 

materials and proving the change of the form of water into ice cubes. At the formal stage: 

Explain the cube volume formula.  Furthermore, the context is also related to STEM. In 

Science, it is the change of the form of water into ice cubes and vice versa. Students can 

explain the process of changing liquid water to solid (frozen) and the reverse process through 

experiments clearly. Students can identify factors that affect the speed of water freezing. 

Technology: An instrument used when measuring water volume and freezing time. Students 

can use measuring tools such as spoons and ice cube molds to measure the volume of water 

correctly. Students can use a stopwatch or timer to measure the time it takes for water to 

freeze into ice cubes precisely. In Engineering: The process of making and measuring ice 

cubes. Students can design and conduct experiments to make ice cubes from water using 

various methods correctly. Students can measure and compare the results of ice cube making 

experiments with different methods. In Mathematics: Measure volume and count the number 

of ice cubes. Students can correctly measure the volume of water used to make ice cubes 

using a standard measuring instrument (e.g., measuring cup). Students can calculate the 

volume of ice cubes using the cube volume formula and calculate the number of ice cubes 

produced from the mold precisely.  The results of the ideas produced are as shown in the 

figure 3a. 
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                         (a)                                                              (b) 

Figure 3. (a) Activity 3 results of initiating ideas (b) Developing Idea Products 

In the fourth activity, developing idea, the stages of activities are presented in accordance 

with STEM learning using the engineering design process (EDP) stages. In addition, this 

EDP stage is also connected to the PMRI and STEM concepts that have been planned in the 

activity of initiating ideas. At this stage, the process of making a plan and making 

improvements is carried out in the same way as a pilot experiment. The only difference is that 

the activities are designed to be further developed. The activity is designed in the form of a 

teaching module that not only presents questions, then adds visualizations in the form of 

using geogebra, and asks questions related to problem solving that are adapted to the context 

used. 

Based on the results of the pilot experiment and teaching experiment, it can be seen 

that changes in the knowledge possessed by the research subjects will affect the quality of the 

design results obtained. It can be seen that in the pilot experiment stage, the subjects used do 

not have an understanding of mathematical concepts, while in the teaching experiment stage, 

subjects who already have an understanding of mathematical concepts are used. This will 

affect the second activity, which is to find the concept of learning. In the subject of the pilot 

experiment stage in finding concepts does not directly determine the intended concept 

according to the requested material, while in the teaching experiment stage it can directly 

determine the concept according to what is requested. In the pilot experiment stage, students 

have difficulty finding the concept of the volume of building a space so that they find the 

concept of the nature of building a space first, while in the teaching experiment stage, they 

can immediately find the concept of building volume of space starting from contextual, 

model of, model for, to formal. From these results, it is proven that subjects who have an 

earlier understanding of concepts will get better results than those who are new to learning. 

This is supported by the results of his research Wan et al., (2023) that STEM learning can be 

improved when teachers have sufficient content knowledge. Subjects who have an early 

understanding of the concept will affect the next stage such as in activity 3, which is to 

initiate ideas. This can be seen from the design results carried out by prospective teacher 

students that the initial idea of the context used in the pilot experiment stage is still simple, 

has not shown a connection with STEM, especially in the science section. Almost every 

group only thinks about the stages of learning mathematically but does not involve science in 

the learning process. Even though science has an influence in studying mathematics. This is 

because studying science in a relevant context and being able to transfer scientific knowledge 

to authentic situations is the key to true understanding (Chakravartty, 2023; Herfeld & 

Lisciandra, 2019). 

From the results of the study, it was obtained that the context used in the pilot 

experiment stage was the delivery of packages using boxes by couriers while the teaching 

experiment used the context of ice cube molds. The context used by the teaching experiment 
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is more visible in the science process and can be practiced by students, while at the stage of 

the pilot experiment it also still has a relationship with science, namely on material properties 

such as weight but the science activity cannot be practiced by students. This is because with 

science, students can find out the phenomena that occur (Heryuriani, 2020). In addition, 

Khuyen et al., (2024) also suggests that learning with practices can help in integrating STEM 

learning.  Based on the results obtained, it turns out that the quality of the teaching 

experiment design results is more creative and adjusts to the PMRI and STEM concepts 

requested. 

In addition, in the activity of brainstorming ideas using the help of artificial 

intelligence. The artificial intelligence used is chat gpt, Gemini, open.ai. Artificial 

intelligence is used only as a tool. This is because the results displayed through artificial 

intelligence are only limited to keywords that must be associated with the learning process, 

the suitability of the material experienced by students, and the proximity of the context to the 

activities carried out by students. This research is in contrast to Lukman (2023) that AI can 

provide problems for students. But in line with Putri (2023) that learning with the help of AI 

becomes more effective. 

In addition, the linkage of STEM in learning design can be seen in the engineering 

stages that are designed in accordance with the engineering design process (EDP) (Capraro, 

2013; Jang, 2016). The stages of EDP are problem analysis, problem identification, initiating 

ideas, testing designs and communicating. The difficulties experienced by prospective 

teacher students are difficulties in making questions that adjust to the mathematical stages 

and guessing student answers related to the questions made. Questions made by prospective 

teacher students are difficult for students to answer based on experience and are not suitable 

for elementary school students. So that the questions given must accompany students based 

on the experience carried out so that students do not experience difficulties and 

unconsciously get learning from the experience. 

 

Conclusion 

This research resulted in the design of Artificial Intelligent (AI)-assisted STEM Learning 

Trajectory for Teacher Prospective Students which contains activities to exploring 

information, finding the learning concept, initiating ideas, and developing ideas. After the 

implementation of the experimental activities, it was shown that the implementation of 

students in designing STEM learning assisted by artificial intelligence was good where all 

groups could complete the requested design. 

 

Recommendation  
Further research can develop the results of the learning trajectory in the form of teaching 

material products from each material. For teachers and/or prospective elementary school 

teacher can use learning trajectory in the learning process in the class. 
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