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Based on a configurative systematic review of 44 papers, this study proposes a model for implementing mathematics curriculum materials (MaCMs) in teacher education (TE). The review identifies three learning objectives — learning from, about, and with MaCMs. For each objective, the suggested model outlines (a) activities and associated PT learning outcomes, (b) applied theoretical constructs, and (c) key research findings. The model offers an actionable and structured framework for integrating MaCMs into TE and is discussed in relation to its implications for both practice and research.
Introduction
Mathematics curriculum materials (MaCMs) constitute teachers’ major resource for planning and teaching mathematics (e.g. Choppin et al., 2022; Fan et al., 2021), operationalising steering documents (e.g. Choppin et al., 2022) and shaping what teachers teach and students learn (Reys et al., 2004). Despite their importance, teachers are rarely taught how to interpret and use MaCMs effectively (Remillard, 2016), even though research (e.g. Ben-Peretz et al., 1984; Drake et al., 2014) has advocated for the development of such competencies in teacher education (TE). Even though studies on MaCMs are a growing field of research (Rezat, 2024), focusing on their use by teachers (e.g. Rezat et al., 2021), their design (e.g. Ball & Cohen, 1996, Davis & Krajcik, 2005, Van Steenbrugge & Ryve, 2018) and their potential to support teacher development (e.g. Fan et al., 2021), recent comprehensive reviews on MaCMs (e.g. Buch et al., 2022; Fan et al., 2018; Lloyd et al., 2017; Rezat, 2024) have not addressed MaCM use in TE.
Aim and research questions
This study aims to develop a model for implementing MaCMs in TE. The aim is operationalised through a configurative systematic review on key components when using MaCMs in TE, based on the research questions:
When using mathematics curriculum materials in teacher education, 
1) What activities are implemented, and what do prospective teachers learn from them? 
2) What theoretical constructs are used?
3) What are the main research findings and conclusions?
The themes of the research questions constitute crucial aspects for developing an actionable model for supporting teacher educators in implementing MaCMs in TE.
Terminology
This study includes research on the use of curriculum materials such as textbooks, teacher guides, and their digital equivalents in TE. Remillard and Kim (2020) define curriculum materials as “a set of resources, those designed to support a program of instruction and student learning over time” (p. 3). For the purposes of this paper, the term MaCMs refers to “textbooks, teacher guides, and their digital equivalents designed to support a programme of mathematical teaching and learning over time.”
Background
Research has consistently shown that MaCMs have a significant impact on mathematics teaching. They are teachers’ primary resource for planning and establishing classroom practice (e.g. Choppin et al., 2022; Fan et al., 2021), operationalise steering documents (e.g. Choppin et al., 2022), shaping teachers’ teaching and students’ learning (Reys et al., 2004) and thus still have a reach in the system to exert a pervasive influence on teachers’ daily practices, as Ball and Cohen (1996) noted already 30 years ago.
Recent reviews on MaCMs have highlighted various perspectives such as the intended, enacted and attained curriculum (Lloyd et al., 2017), teacher interaction with resources, teachers collective work through resources, interaction teacher/pupils through resources and pupils and teachers learning from MaCMs (Fan et al., 2018) and a focus on what teachers’ guides should provide for being educative rather than merely instructive manuals (Buch et al., 2022). Rezat (2024) categorizes the field of research on curriculum resources in mathematics education into seven areas: the role of curriculum resources, content analysis, user studies, effects of resources, design of resources, curriculum resources as data and reviews. However, despite research advocating for MaCM inclusion in TE (e.g. Ben-Peretz, 1984; Drake et al., 2014) and the breadth of these reviews, none of them has addressed the use of MaCMs in TE. This supports Remillard’s (2016) assertion that teachers are rarely taught how to interpret and effectively use MaCMs, which is contradictory to their widespread use.
Research suggests that teacher knowledge can grow through MaCM use, depending on the material’s design, the support provided for how to understand and use them and teachers’ capacity to read and interpret it (e.g. Davis et al., 2017; Ku & Lee, 2020; Li & Harfitt, 2018; Remillard & Kim, 2017). Also, teachers’ ability to interpret MaCMs – and thus learn from them – can be enhanced through deliberate implementation in TE (Ben-Peretz, 1984; Drake et al., 2014). In Sweden, a national TE graduation requirement was introduced on 1 July 2024, stating that PTs should “demonstrate the ability to use and evaluate textbooks, other teaching materials and other learning tools” (SFS 1993:100, author’s translation). Given the influence of MaCMs on mathematics teaching and their potential to support continuous teacher learning, this requirement is of particular relevance for mathematics education and universities should be supported by research-based arguments for its relevance and provided with guidance on what to include and how to implement it. This study aims to develop a model for implementing MaCMs in TE through a systematic review on key components of integrating MaCMs into TE. The research questions are focusing on essential components for actionable implementation of MaCMs in TE – activities and PT learning outcomes from these activities, adopted theoretical constructs and crucial research findings and conclusions.
Methods
The aim of developing a model for implementing MaCMs in TE through a systematic review, is to provide an overview and understanding of a research field, identifying its themes and providing new insights into it. Gough et al. (2012) term such approach a configurative review. The applied method can be described in two main steps: 1) finding and selecting relevant literature, and 2) analysing and synthesising the selected literature according to relevant themes.
Finding and selecting relevant literature
The strategy for identifying relevant literature was conducted in two steps, 1) searching databases and 2) searching reference lists in hits from the first step. The databases used were ERIC, Scopus, Educational Research Complete, Teacher Reference Center and Web of Science, which were searched through as illustrated in table 1. 
	Search #
	Search strings 
	Hits

	1
	TI (“curriculum material*” OR textbook* OR ”teacher guide*” OR “mathematic* curricul* material*” OR “mathematic* textbook*”) OR AB (“curriculum material*” OR textbook* OR ”teacher guide*” OR “mathematic* curricul* material*” OR “mathematic* textbook*”) OR KW (“curriculum material*” OR textbook* OR ”teacher guide*” OR “mathematic* curricul* material*” OR “mathematic* textbook*”)
	Number of hits

	2
	TI (“teacher* education” OR “teacher student*” OR “pre-service teacher*” OR PSTs OR “teacher educator*” OR “teacher* learning”) OR AB (“teacher* education” OR “teacher student*” OR “pre-service teacher*” OR PSTs OR “teacher educator*” OR “teacher* learning”) OR KW (“teacher* education” OR “teacher student*” OR “pre-service teacher*” OR PSTs OR “teacher educator*” OR “teacher* learning”)
	Number of hits

	3
	TI mathematic* OR AB mathematic* OR KW mathematic*
	Number of hits

	4
	1 AND 2 AND 3
	Number of hits

	Inclusion criteria

	Years
	2000 - 2023
	Number of hits

	Language
	English
	Number of hits

	Total
	
	Number of hits


Table 1. The search methodology to identify publications addressing the use of mathematics curriculum materials in teacher education.
Crucial in the database search is step 4, in which a combination of step 1 – 3 is selected. For example, in ERIC step 1 gave 27 591 hits, step 2 gave 63 060 hits and step 3 gave 92 516 hits. When combining them in step 4, only 93 hits remained and when inclusion criteria were applied, 87 hits remained. From the same procedure, Scopus provided 157 hits, Educational Research Complete 126 hits, Teacher Reference Center 33 hits and Web of Science 133 hits. In total, 536 hits from the selected databases were found. Duplicates were removed and papers were excluded based on title and abstract screening, as well as full-text reading if they: focused on in-service teachers rather than PTs, addressed subjects other than mathematics, involved university textbooks or focused on syllabi or teacher educators. A total of 35 records remained for analyses and for the next step in the procedure – searching the reference lists of the 35 hits.
In the search through the reference lists of the 35 included papers from the initial step, 17 hits were found. The same approach regarding exclusion as in the first step was applied, excluding 8 records and remaining 9 papers for analyses. In total, 44 papers (see Appendix) were selected for analyses and synthesis.
Analysing and synthesising selected papers
This study aims to develop a model for implementing MaCMs in TE. Such a model should provide research-based descriptions of what PTs are supposed to develop by integrating MaCMs in TE – describing its learning objectives. For the model to be actionable for teacher educators, ideas of what to do (activities), how to do it (what frameworks to depart from) and crucial aspects to consider (research findings and conclusions) are relevant to describe and constitute the foundation of the three research questions. Thus, the first step in the analysis was to establish learning objectives for PTs when using MaCMs in TE. Then, for each learning objective, content addressing research questions 1, 2 and 3 were identified.
Learning objectives
The process of establishing learning objectives departed from Lloyd (2006), who identifies three critical areas of PTs learning in relation to MaCMs: 1) Learning mathematics, 2) Learning about curriculum, and 3) Learning mathematics teaching and learning. The critical area learning mathematics corresponds to what Nicol and Crespo (2006) term learning from MaCMs, where the aim is for PTs to learn mathematical content from the materials. The critical area learning about curriculum, focuses on PTs’ analyses of MaCMs from various perspectives to understand their structure and purpose – learning about the material. The critical area learning mathematics teaching and learning encompasses PTs’ engagement with curriculum materials as a foundation for lesson planning and teaching. This corresponds to what Nicol and Crespo (2006) term learning with MaCMs. As illustrated in Figure 1, three learning objectives for implementing MaCMs in TE are established – learning from, about and with MaCMs.
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Figure 1. Connection between the three critical areas for PTs learning from MaCMs (Lloyd, 2006) and applied learning objectives when implementing MaCMs in TE.
Activities and prospective teachers’ learning, theoretical constructs and research findings and conclusions
For each established learning objective – learning from, about and with MaCMs – the 44 included papers were searched for crucial actionable aspects when implementing MaCMs in TE – implemented activities and PTs’ learning outcomes, theoretical constructs, and research findings and conclusions.
In learning from MaCMs, typical activities found in the analysis involve PTs engaging with materials as pupils (e.g. Frykholm, 2005), working with several mathematics areas, classifying mathematical tasks (Dempsey & O’Shea, 2020) and interpreting mathematical definitions (Chesler, 2012). In searching for applied theoretical constructs, some frameworks for classifying mathematical tasks (e.g. Lithner, 2008) were found and the MKT framework (Ball et al., 2008) was found to structure the investigation of PTs’ mathematical understanding. Regarding research conclusions, the analysis revealed that mathematics instruction for PTs should be qualitatively different from traditional university mathematics teaching, directly connected to the mathematics they will later teach (Lutz & Berglund, 2007). It was also indicated that PTs learn mathematical content using standards-based materials, sometimes more effectively than with traditional university textbooks (Spielman & Lloyd, 2004).
In learning about MaCMs, typical activities found in the analysis include students analysing MaCMs from several perspectives (e.g. Males et al., 2015) and comparing different MaCMs (Lloyd & Behm, 2005). For such analyses, various frameworks for textbook analysis were employed, such as Documentational genesis (Gueudet & Trouche, 2009), Key Pedagogies of Practice (Grossman et al., 2009), and the Curriculum Spaces Analysis Tool (Drake et al., 2015). Examples of found research conclusions are 1) PTs benefit from analysing MaCMs to deepen their understanding of the materials and enhancing their ability to use different resources effectively (Cross & Lloyd, 2011), 2) engaging in critical analysis of MaCMs is more beneficial than focusing solely on their practical use in lesson planning and teaching (ibid) and 3) textbook analyses are most effective when PTs receive support both from teacher educators and using analytical frameworks, guiding their analyses (e.g. Earnest & Amador, 2019).
In learning with MaCMs, typical activities found in the analysis include reading, planning, and enacting lessons based on MaCMs (e.g. Davis, 2009). PTs became familiar with MaCMs as tools for both planning and teaching and recognized that effective curriculum use is more complex than initially anticipated (Behm & Lloyd, 2005). Various frameworks are employed to examine how PTs use and make sense of curriculum materials, for example Types of Curriculum Use framework (Brown & Edelson, 2003) and Teachers’ Curriculum Use (Remillard & Bryans, 2004). The analysis noticed research conclusions such as differently designed materials promote different types of learning, supporting either subject matter knowledge or pedagogical content knowledge (Davis, 2009). Also, modifying preexisting lesson suggestions produces better lesson plans and higher efficacy in teaching the lesson, than planning and teaching without support (Lim et al., 2018).
Result
The result of the analysis and synthesis is presented as a suggested model for implementing MaCMs in TE, illustrated in Figure 2. 
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Figure 2. A suggested model for implementing MaCMs in TE.
The suggested model, based on an analysis of 44 papers on the use of MaCMs in TE, is structured around three learning objectives – learning from, about and with MaCMs. For each learning objective, findings regarding a) activities and student learning outcomes, b) theoretical constructs and c) research findings and conclusions are linked. Altogether, the suggested model is offering a research-based guidance for teacher educators to consider when implementing MaCMs into TE programmes, by simultaneously providing an overview of learning objectives, details on their content and structures and their preferred sequencing.
The preferred sequence of the learning objectives – first learning from MaCMs, followed by learning about MaCMs and last learning with MaCMs – is based on two key findings from the analysed literature. Firstly, Castillo Céspedes and Burgos Navarro (2022) found that PTs with well-developed content knowledge demonstrated deeper insights when analysing MaCMs than those with weaker content knowledge. This suggests that learning the mathematics from MaCMs ideally precedes learning about MaCMs. Second, Tyminski et al. (2011) observed that PTs who analysed MaCMs before planning and teaching made more effective use of them. This implies that learning about MaCMs should precede learning with MaCMs. Together, these findings suggest the proposed sequence: first learning from MaCMs, then learning about MaCMs and last learning with MaCMs.
Discussion
The discussion reflects on limitations of the applied methods and implications of the suggested model for both practice and research.
The systematic review approach is limited by factors such as selected databases, search strings and inclusion criteria. If one or more of these factors is changed, the result and content of the suggested model could be different. To counteract such bias, the applied search strings and criteria for inclusion or exclusion, are a product of tests of several different ones, refined and adjusted to be precise according to the aim and research questions. At the end of this process, it was noted that small changes in words or sequences of words lead to minimal changes in number of hits, indicating the used strings and criteria were satisfying. Further, the completed search gave a large number of duplicates, indicating more databases was probably not necessary. Another factor for result bias is interpretations in the process of analysing and synthesising the papers. To counteract such bias, distinct themes based on the research questions guided the analysis and synthesis procedure. Also, iteratively readings of each paper were conducted, reducing the risk for misinterpretations or placing papers in the wrong category. For example, some papers included more than one learning objective, initially suggesting them to be placed in more than one category. Further reading though revealed one of the objectives to be in focus, placing it in one specific category.
Regarding the result of the study, implementing MaCMs in TE appears highly relevant given the calls from research to address this area (Ben-Peretz, 1984; Drake et al., 2014) and MaCM’s significant impact on mathematics teaching (e.g. Choppin et al., 2022). However, recent reviews on the field (e.g. Buch et al., 2022; Fan et al., 2018; Lloyd et al., 2017; Rezat, 2024) have not addressed the use of MaCMs in TE. This review study suggests a model with the aim to provide an actionable structure for teacher educators to consider when implementing MaCMs into TE programmes. Firstly, the model identifies three distinct learning objectives, offering a structured approach for implementation with a suggested, not prescriptive order. Some studies, for example, focused solely on learning about MaCMs, but still reported positive outcomes. These studies, however, also indicated that PTs with stronger content knowledge gained more from the analysis, suggesting some activity involving learning from should precede learning about. Similarly, but the other way around, in many cases multiple learning objective were addressed within one single activity. For example, PTs first analysing a MaCM (learning about) and then using it to plan and teach a lesson (learning with), describing an internal sequence within one activity. Second, for each learning objective, the model provides examples of applied activities and information on PTs learning outcomes from these activities, along with theoretical constructs to apply. This helps teacher educators designing research-informed learning experiences from MaCMs in TE. As the model is grounded in research findings and conclusions, it provides arguments for applying specific activities and indications of their effectiveness. 
Together, results regarding learning objectives, activities and theoretical constructs to apply and crucial research findings to consider, lead to five overarching conclusions: 
· Teaching mathematics to PTs should be qualitatively different from traditional university mathematics teaching, being directly connected with the mathematics they will later teach. This can be achieved through learning mathematics from MaCMs (Lutz & Berglund, 2007). 
· Exposure to MaCMs should be recurrent throughout TE (Nicol & Crespo, 2006), involving a variety of materials (Block et al., 2023; Males & Setniker, 2019) and be supported by teachers and functional frameworks (e.g. Earnest & Amador, 2019).
· It is more beneficial for PTs to first analyse and then use MaCMs, than to only learn to use them (Cross & Lloyd, 2011).
· PTs should ideally develop content knowledge before analysing MaCMs (Castillo Céspedes, & Burgos Navarro, 2022) and analysing MaCMs before using them for planning and teaching (Tyminski et al., 2011).
· Modifying preexisting lesson suggestions is more effective than planning and teaching without support (Lim et al., 2018).
These conclusions and the suggested model together provide a comprehensive and holistic overview with actionable detailed structures for teacher educators to consider when implementing MaCMs into TE programmes.
From the findings and the suggested model, some interesting avenues for future research emerge. First, all analysed papers could be categorised into at least one of the purposed learning objectives learning from, with and about MaCMs. While this somewhat strengthen the validity of the suggested model, future research with similar approach might find additional learning objectives, which complement or reshape the suggested model. Second, the initial search identified several publications addressing similar themes within science education. A study similar to this study, on curriculum materials designed for science subjects, would be potentially illuminating regarding the implementation of curriculum materials per se in TE. Third, developing PTs subject matter knowledge from MaCMs is projected as successful, but not all forms of knowledge were effectively cultivated. For example, learning about mathematics definitions was found to be difficult from this approach. It thus seems relevant to investigate which content areas are most conducive to PTs’ development, and why certain areas may be less suitable in the context of TE. Fourth, it would be valuable to apply this model in a longitudinal study, spanning an entire TE programme. Such a study could evaluate PTs understanding and use of MaCMs during their first year of teaching and compare outcomes with those of teachers who did not follow this structured approach.
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