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Mathematical connection is considered one of essential aspect to learn 
mathematics. Framework that extends this connection has become a trend 
among scholars in many parts of the world especially. Therefore, this research 
is to provide a comprehensive literature review about extended mathematical 
connection among pre-service mathematics teacher. Utilizing PRISMA flow 
diagram, this research 15 articles from a credible source that published within 
2017-2026. Based on the database, there are 154 registers paper founded. The 
articles were going through identification stage which removed 43 duplicated. 
The screening process was conducted that exclude 89 papers based on 
inclusion-exclusion criteria. The included articles were examined the eligibility 
and accessibility which resulted in 15 papers. Studies were analyzed by years, 
mathematical topics, mathematical connection challenges, and the learning 
implication. The finding of the research highlight that extended mathematical 
connection research has risen in the past three years with qualitative as a 
dominant methods and various mathematical topics such as algebra, geometry, 
and arithmetic. There is significant gap between university mathematics and 
school curriculum resulting in low different representation connection and 
relied on procedural knowledge. Extended Mathematical connection serves as 
a tool to enhance conceptual understanding, specific types of connection, and 
learning experiences. 
 

Keywords: mathematics, mathematical connection, pre-service teacher, 
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1. Introduction 
 

Establishing mathematical connection is consider essential aspect of mathematical learning, 

as it enables students to understand relationships between different mathematical topic, 

apply knowledge to solve problems in everyday life context, and recognize mathematics as 

an interconnected discipline (Gavin, 2024). Mathematical connection is considered 

important in mathematics education to developed it in the teaching and learning 

mathematics (Toh & Choy, 2021). Furthermore, making connection is a significant aspect 

for teacher and student in abstracting and generalizing within mathematical concepts 

(García-García & Dolores-Flores, 2021). There are two types of mathematical connection: 

intra-mathematical connections that formed between mathematical facts, concepts, 

principals, and procedures (Murphy et al., 2024) and extra- mathematical connections that 
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created within mathematical concepts and non-mathematical contexts (Gamboa et al., 

2021). 

Development of Extended Theory of Mathematical Connections or (ETMC) by 

(Rodríguez-Nieto et al., 2022) broad the intra-mathematical connection to several 

indicators namely feature/property, procedural, if-then, part-whole, different 

representations, and instruction- oriented. Pre-service teachers are expected to making these 

types of mathematical connection as a key component of pedagogical content knowledge 

that can support the teaching quality for establish the connection on students (De Gamboa 

et al., 2022). When teachers fail to make relation between mathematical concept, students 

are tending to consider mathematics as an isolated procedure rather than an integrated 

subject (Mhlolo et al., 2012). 

Several studies have highlighted that pre-service teachers often face challenge to making 

connection in teaching mathematics (Şahal et al., 2024; Wang et al., 2023). Pre-service 

teacher’s ability to make and teach mathematical connections is often limited by their 

understanding, many teachers focus on procedural knowledge of each topic without 

determined the relation between them (Banjo et al., 2025; Banjo & Luneta, 2025). 

Furthermore, pre-service teachers experienced challenge to make various types of intra-

mathematical connections, such as implication, feature, meaning, procedural, and different 

representations (Del Carmen et al., 2024). Although, teachers should be assisting students 

to developing their competencies such as making relation between conceptual and 

procedural knowledge, acknowledging different representation, utilizing connection within 

mathematical topic and other disciplines, and regarding mathematics as an integrated whole 

(Low & Wong, 2021). The poor intra-mathematical connection often leads to student’s low 

mathematical knowledge (Banjo & Luneta, 2025). 

Numerous systematic literature review (SLR) studies have investigated how mathematical 

connections in general or in a way that affect certain ability (Aulia et al., 2026; Ridwan & 

Kusnandi, 2025; Silvina et al., 2025). These studies explore various aspects of 

mathematical connection in many educational research. Based on Aulia et al., (2026) study, 

mathematical connection in junior high school ability is in the low to moderate category 

and this ability improve the quality of mathematical problem solving. On other hand, 

Silvina et al., (2025) showed that the dominant research in Indonesia focus on student’s 

mathematical connection ability associated with problem-solving and contextual learning. 

While research on extended mathematical connection on pre-service teachers has grown 

significantly (Hardi et al., 2022; Suanto et al., 2026), there is still a lack of comprehensive 

systematic literature review that identified gaps and recommendation how to enhanced this 

ability on pre-service mathematics teacher. 

Therefore, a systematic literature review is needed to synthesize and then analyse existing 

studies related to mathematical connections among pre-service mathematics teachers. By 

systematically identifying, reviewing, and analysing relevant research, this study aims to 

provide a comprehensive overview of extended mathematical connections in the context of 

pre-service teacher education. Therefore, this systematic literature review was directed by 

these research questions: 
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RQ1: What are the research aspects of studies on mathematical connections among pre-

service mathematics teachers in terms of research’s publication year, method, and 

mathematic topics? 

RQ2: What challenges are reported in developing extended mathematical connections by 

pre- service mathematics teachers? 

RQ3: How are extended mathematical connections developed or implemented in the 

learning experiences of pre-service mathematics teachers? 
 

2. Method 
 

The aim of this research was to provide a comprehensive overview of extended 

mathematical connections in the context of pre-service teacher education by systematic 

literature review (SLR) to find, select and preciously analyze relevant studies (Juandi, 

2021). Systematic literature review (SLR) was conducted following the PRISMA 

(Preferred Reporting Items for Systematic reviews and Meta-analyses) guidelines. This 

framework ensures a clear and systematic steps to the literature review process such as 

defining research objectives, conducting comprehensive searches, extracting and analyzing 

research data, and laying out conclusions (Tricco et al., 2018). The PRISMA components 

involved identification, screening, eligibility, and inclusion (Kholid et al., 2023). The 

articles were obtained from the databases widely established in educational research such 

as ERIC and Scopus. For the convenience of this study, the Web of Science and HAL 

databases were not included due to overlapping research with Scopus and insufficient 

amount of mathematical connection research. The literature research was conducted in 15 

March 2026.  

The search included in this SLR published over a recent 10-year period, from 2017 to 2026. 

The search string was formulated to include as many articles related with research focus as 

possible. The search string was formulated to include as many articles related to the 

research focus as possible, as follows: TITLE-ABS-KEY ( ( "extended mathematical 

connection*" OR "extended mathematics connection*" OR "mathematical connection*" 

OR "mathematics connection*" OR "mathematical connections" OR "connections in 

mathematics" OR "mathematical relationship*" OR "mathematical linking" ) AND ( "pre-

service teacher*" OR "preservice teacher*" OR "prospective teacher*" OR "pre-service 

mathematics teacher*" OR "prospective mathematics teacher*" OR "teacher candidate*" 

OR "student teacher*" ) ) AND PUBYEAR > 2016 AND PUBYEAR < 2027 AND ( 

LIMIT-TO ( LANGUAGE , "English" ) ) AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) 

Furthermore, the inclusion criteria were determined to added research article that 

discussing about mathematical connection in teaching and learning geometry or within 

other disciplines learning that focus on geometry aspect supported by mathematical 

connection. Research outside educational context or publications not addressing 

mathematical connection as one of the research focuses were excluded. The inclusion and 

exclusion criteria presented on Table 1 below. 
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Table 1 Criteria of Inclusion and Exclusion 

 

In the identification stage, using the predetermined research string, the result obtained total 

of 154 results from the two databases (Scopus and Eric). After the removal of 43 records 

of duplicates, a total of 111 titles and abstract were going to screening process for 

acknowledging the relevance of each study. This screening step was conducted that exclude 

based on inclusion-exclusion criteria resulted in 26 articles selected for full text-eligibility 

assessment. Full-text reports could not be retrieved for 4 of the 26 articles. After that, 3 

articles from 18 assessed articles were excluded upon through full-text review because they 

did not meet the requirements because not focus on mathematical connection as an 

objective of the research and not involve pre-service teachers as a research subject. The 

automation research on Scopus using research filter such as article document type, open 

access and English language, mathematics and social science subject area, and full text 

available on ERIC, guaranteeing ease and consistent studies included in the review. 

Furthermore, the PRISMA process is presented in Figure 1 below: 

 

Criteria Inclusion Exclusion 

Article title An appropriate title that involved 

“Mathematical connection” and “pre- 

service teacher”. 

Did not match with the research 

topic and had irrelevant tittle 

Year of publication Publications from 2017 to 2026 Publication outside the specific 

range 

Language English Other 

Field of article study Mathematics Education or Social Science Other 

Indexed Indexed Q4 – Q1 in Scopus Other 

Research Subject Pre-service teacher Other 
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Figure 1 PRISMA flow diagram 

 

As shown in the PRISMA flow diagram in the Figure 1, a final exclusion of 3 reports due 

to them not being in the context of pre-service teachers, resulted in 15 core studies being 

included in this review. 

 

3. Result and Discussion 

 

3.1 Annual Publication Trends 

 
An analysis of 15 included articles shows that research on extended mathematical 

connections on pre-service teacher has increased throughout 2024 – 2025 period. The 

highest number of publications occurred in 2024 (5 articles) while in 2025 the number 

declined to 3 articles. The publication shows a trend that has been increasing year by 

year especially in 2025 due to complete definition of Extended Theory of 

Mathematical Connection by Rodríguez-Nieto et al. (2022). The publication trends 

were showed in Figure 2 below. 
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Figure 2 Total Publication Trends 

 

 

Based on the Figure 2, the trend of mathematical connection studies on pre-service 

teacher is increased due to diversity in research about mathematical connection. The 

rise in publications following 2022 directly correlates with the formalization of the 

ETMC framework by Rodríguez-Nieto et al. (2022). Research about mathematic 

connection has been narrowed to particular mathematical topic such as linear equations 

(León del Carmen et al., 2024) and statistic (Quilang & Lazaro, 2022). This in line 

with problem in Pramasdyahsari (2021) studies that pre-service teachers often struggle 

to connect mathematical knowledge on university-level with school curricula, thereby 

addressing mathematical connection to specific materials can hinder their ability to 

teach better. The mathematical connection studies also expanded on certain aspect that 

focus on connections to real life and technology (Hardi et al., 202). The connecting 

abilities assisted by technology help students relate abstract mathematical concepts to 

real-world scenarios (Sengsamak et al., 2021). 

 

3.2 Dominant Research Methods 

 

Based on the classification of research methods, the distribution of the methodological 

approaches used in the 15 reviewed articles is illustrated in Figure 3 below. 
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Figure 3 Research Method Trends 

 

Studies on extended mathematical connection among pre-service teacher is dominated 

by qualitative approaches with 10 articles. Qualitative research methods dominate 

because ETMC captures internal cognitive processes that require a deeper 

understanding to uncover how pre-service teachers establish connection schemes. This 

aligns with Rodríguez-Nieto et al. (2022) research, that integrated ETMC with the 

Onto-Semiotic Approach to analyze cognitive and semiotic configurations in 

mathematical reasoning. The amount of qualitative research method about extended 

mathematical connection also caused by the research types that focuses on 

ethnography and cases study. Meanwhile, mixed-method approaches only reached 4 

studies that focuses on extended mathematical connection. These approaches indicated 

that mathematical connection may be observed in dual perspective to reveal how 

students use the various types of connection while providing numerical result 

(Caviedes et al., 2024). There is only one quantitative approach which attempting to 

use statistical measurement on extended mathematical connection ability (Bodur et al., 

2024). 

 

3.3 Mathematical Topics 

 

 Articles analysis showed that the most dominant topic used in these studies is algebra  

and arithmetic that reached four each. Based on the classification of mathematical 

topics, the distribution of mathematical connection on particular material illustrated in 

Figure 4. 
                           

  

 

 

Research Method 

Mixed Method 4 

Quantitative 1 

Qualitative 10 

0 2 4 6 8 10 12 

Research Method 
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Figure 4 Mathematical Topic Trends 
 

This symmetrical distribution presents a significant academic finding between algebra 

geometry and arithmetic in line with Rodríguez-Nieto et al. (2023) studies that the 

ability to establish mathematical connections is universally recognized as a critical 

cognitive requirement across all major mathematical domains, rather than a topic-

specific skill. These three topics dominate ETMC research because each topic 

represents a specific type of mathematical connection. Arithmetic and numbers are 

researched to test how pre-service teachers make mathematical connections between 

mathematical concept and real-world problems (Zeljic et al., 2021). Geometry is 

studied to test how pre-service teachers make feature/property connections by linking 

visual shapes to formal properties (Leme da Silva & Jahn, 2024). Meanwhile, algebra 

is examined to test how different representation and procedural connections is 

developed by linking symbolic expressions to tables, graphs, or general rules (Bila et 

al., 2024). 

 

3.4 Mathematical Connections Challenge 

 

Extended mathematical connection is considered one of the important aspects that need 

to developed in learning experiences (De Gamboa et al., 2022). Although, there are 

several challenges in order to developed mathematical connection on pre-service 

teacher. Based on the mathematical connection challenge that presented in each 

included studies, the analysis literature stated in Table 2 below. 

 

Mathematical Topics 
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Table 2 Mathematical Connection Challenge 
Author Challenge 

Şahal et al. (2024) 1. Limited access of learning media 
2. Struggled in applying abstract mathematical concept 

Yonwilad et al. (2025) Traditional and task-centered learning methods 

Quilang & Lazaro 
(2022) 

1. Struggle with connecting different representation 
2. Lack of reasoning skills for statistical data 

Foster & Lee (2021) Lack of specific studies on "how and when" teachers develop connections 

Hardi et al. (2022) 1. Low connection ability due to online learning constraints 
2. Technical barriers in digital platforms 

Sony (2025) 1. Disconnect between higher-ed and school curriculum 
2. Low ability to link advanced math (Calculus/Algebra) to school topics 

Kaya & Keşan (2023) Difficulty linking daily life to mathematical topics 

Daniel (2017) 1. Dominance of procedural knowledge. 
2. View of math as isolated procedures 

Rodríguez-Nieto et al. 
(2025) 

1. Difficulty defining concepts in own words 

2. Struggles with linking volume to other measurements 

3. Hardship in defining geometric shapes 

Weingarden (2024) Failure to understand how connections manifest in teaching 

Del Carmenet al., (2024) Inability to synthesize multiple solution strategies 

Hatisaru et al. (2024) 1. Difficulty modeling daily life into linear equations 

2. Over-reliance on procedural steps 

Wang et al. (2023) 1. Narrow and procedural connections 

2. Lack of advanced reasoning (reversibility connections) 

3. Limited strategic competence 

Gil et al. (2019) 1. Fragmented knowledge and inconsistent terminology 

2. Failure to anticipate forward concepts (algebraic reasoning) 

Rodríguez-Nieto & 
Alsina (2022) 

1. Limited access of learning media 
2. Struggled in applying abstract mathematical concept 

 

The development of extended mathematical connections among pre-service 

mathematics teachers (PSMTs) is primarily dependent on procedural knowledge. 

Research indicates that while PSMTs are often fluent in executing procedural steps, 

they struggle to understand the conceptual knowledge behind that procedure (Del 

Carmen et al., 2024; Hatisaru et al., 2024; KAYA & KEŞAN, 2023). The number of 

studies that reported procedural knowledge challenges confirming Banjo & Luneta 

(2025) report that teacher is tend to rely on formalized steps rather than constructing 

conceptual understanding. As stated in García-García & Dolores-Flores (2021) 

procedural is one of the connection types in mathematical connection that also 

included explanations why and how to apply them. Novita et al. (2025) argue that 

procedural knowledge without conceptual understanding led to difficulties in solving  
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real-world problems. This persistent issue stems from pre-service teachers’ own prior 

learning experiences, which were predominantly shaped by traditional, task-centered, 

and formulaic instruction (Jao et al., 2021). Difficulties in connecting different 

representations is affect by their perceptions about the urgency of multiple 

representastion on absctract mathematical concept, if teachers are not confident or 

value the conncetion between disctinct representation they may not prioritize them to 

teach (Ipek & Mainali, 2025). 

Furthermore, a significant pedagogical and curricular gap exists between advanced 

university mathematics and the school curriculum. Several studies reported that 

PSMTs challenged to bridge abstract mathematical concepts on university level with 

the topics they are expected to teach (Rodríguez-Nieto & Alsina, 2022; Şahal et al., 

2024; Sony, 2025). Teacher is expected to construct concrete learning experiences as 

an early representation to abstract mathematical concept (Seto et al., 2020). In line with 

that, teacher enabled to relate the abstract concept with real-world contexts to make it 

more relatable and understandable for students (Resnick & Stieff, 2024). As stated in 

Gavin (2024) that mathematical connection is developed for solving real world 

problems. 

These challenges have profound implications for the design of the pre-service 

mathematics teacher education curriculum. Courses should be structured around 

pedagogical practices that allow pre-service teachers to experience and reflect on how 

abstract mathematical concepts connect to classroom instruction (Dışbudak-Kuru & 

Işıksal-Bostan, 2023). Additionally, teacher education curricula should incorporate 

instructional models such as Realistic Mathematics Education (RME) and Contextual 

Teaching and Learning (CTL). These models encourage future teachers to design 

mathematical tasks across different domains that connect to real-world contexts, 

ultimately helping them develop deeper mathematical connection abilities and 

recognize the relevance of advanced mathematics in school settings (Pambudi & 

Sugiarti, 2022). 

 

3.5 Implementation and Learning Experiences of Mathematical Connections 

 

The mathematical connections are considered as one of the essential aspects in learning 

mathematics (Banjo & Luneta, 2025). As a result, there are several mathematical 

connections implication in learning process from the included studies that stated in 

table 3 below. 
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Table 3 Mathematical Connection Implementation 
Author Implementation 

Şahal et al. (2024) 1. Translates abstract mathematical symbols into concrete ideas 
2. Eliminate the confusion between different mathematical representations 

Yonwilad et al. (2025) 1. Assist PSMT to acknowledge mathematics as an integrated discipline 
2. Encourages collaborative activities during team-based task 

Quilang & Lazaro (2022) 1. Assist PSMT to determine the meaning of raw data in statistic 
2. Improve the ability to choose the correct procedure 

Foster & Lee (2021) Develop motivation on PSMT due to becoming adept at relating mathematical 
concept 

Hardi et al. (2022) Allow PSMT to teach mathematics in various learning styles 

Sony (2025) 1. Connecting high-level university mathematics to school topics 
2. Develop motivation on PSMT 

Kaya & Keşan (2023) 1. Connecting mathematics to the real-life problems 
2. Enhances the ability to create original mathematic problems 

Daniel (2017) 1. Connecting high-level university mathematics to school topics 
2. Eliminate the confusion between different mathematical representations 

Rodríguez-Nieto et al. 
(2025) 

1. Facilitate the relation between formal geometry to ethnomathematics 
2. Develop motivation on PSMT 

Weingarden (2024) 1. Assist teacher to mastering specific mathematical topic 
2. Develop motivation on PSMT 

Del Carmen et al., (2024) 1. Improve ability to relating mathematical concept with real-world context 
2. Reduce reliance on procedural knowledge 

Hatisaru et al. (2024) 1. Developing reasoning among pre-service mathematics teacher 
2. Eliminate the confusion between different mathematical representations 

Wang et al. (2023) Preventing fragmented mathematics learning 

Gil et al. (2019) Improve the ability to choose the correct procedure for probability problems 

Rodríguez-Nieto & Alsina 
(2022) 

1. Connects mathematic to Science, Technology, Engineering 
2. Connecting mathematics to the real-life problems 

 

The implementation of mathematical connections in pre-service mathematics teacher 

(PSMT) education serves as a tool to enhance conceptual understanding and reduce 

procedural knowledge reliance. Based on the analysis, a mathematical connection 

capable of bridging between abstract concept to concrete ideas in such a way that 

eliminating the confusion between different mathematical representations (Hatisaru et 

al., 2024; Şahal et al., 2024). The connection between different representation may 

also be developed through task that required teacher to presenting multiple depiction 

(Johnson, 2022). In addition, the different representation type of connection allowed 

pre-service teaching to inferring the raw data in statistic (Quilang & Lazaro, 2022). 

Therefore, teachers should emphasize the relationships between different 

representations through course, question, and task that point out mathematical 

connection (Pérez & Piquet, 2022). 
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Furthermore, the results demonstrate that extended mathematical connection assisted 

with technology and culture are central to enhancing learning experiences (Rodríguez-

Nieto et al., 2025; Rodríguez-Nieto & Alsina, 2022). Technology has the potential to 

enhances mathematical learning to provide visualization and exploration of 

mathematical concept thus enable teacher to experiment with that concept (David & 

Weinstein, 2024). Alternatively, embedding cultural context into mathematics 

education through ethnomathematics acts as a link to connect abstract concepts to live 

experiences and everyday practices (Nur et al., 2022). By connecting formal concept 

to cultural practices, such as brick-making (Rodríguez-Nieto et al., 2025), or real-life 

story problems (Kaya & Keşan, 2023), pre-service mathematics teacher could 

visualize mathematics effectively. 

Finally, the development of mathematical connections plays a crucial role in 

establishing motivation (Sony, 2025; Weingarden, 2024). Teachers who engage in 

developing mathematical connection may have an impact on improving motivation 

specifically when teachers observe students understanding and applying mathematical 

concept in various context (Jingga, 2019). Based on the analysis, mathematical 

connection may assisted teachers to adept at relating mathematical concept which leads 

to developing motivation (Foster & Lee, 2021). This suggests that mathematical 

connections create a positive feedback loop; as teachers become more proficient in 

bridging conceptual gaps, student comprehension increases, which in turn further 

reinforces the teacher's instructional motivation. 

Onclu 4. Conclusion 

sion In conclusion, this systematic review demonstrates that while pre-service mathematics 

teachers often face challenges such as procedural dependency and difficulties in linking 

abstract theory to school-level topics, the development of mathematical connections serves 

as a vital bridge to conceptual mastery. By implementing contextualized strategies, 

including ethnomathematics and investigative tasks, teacher education programs can shift 

the focus from rote memorization toward a more integrated understanding of the discipline. 

This transition not only eliminates representational confusion and enhances logical 

reasoning but also significantly boosts professional motivation and pedagogical self-

efficacy. Ultimately, prioritizing mathematical connections is essential to ensure that future 

educators are equipped to present mathematics as a coherent, meaningful, and culturally 

relevant system of thought rather than a collection of fragmented procedures. 
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