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Abstract 
 

The purpose of this qualitative study was to identify the benefits that math manipulatives 

offer in Montessori and traditional environments in order to highlight the strengths of each 

setting and learn from each other. Both traditional and Montessori teachers were interviewed 

using a narrative inquiry framework to gather information about their use of math manipulatives 

in their classrooms. This process brought attention to areas of need and the impact of 

manipulatives on student learning. Based on the research and the interview data, math 

manipulatives are beneficial in the Montessori setting. The Montessori math manipulatives allow 

the child to go from concrete to abstract, they are color-coded, repetitive across grade levels, and 

presented to the child based on their stage of development. A pictorial inventory of the 

elementary math manipulatives and their purpose is included in Appendix A. The data showed 

evidence suggesting there are critical needs that would improve student learning in mathematics. 

The results proved that we, as Montessorians, need to make more connections between the 

language and the manipulatives to check for understanding of concepts and standards; we need to 

be intentional when using observation as a tool to collect data; we need do more regular 

assessments, and finally, we need to supplement traditional materials where there are 

manipulatives missing in the Montessori math curriculum. This study provides initial evidence 

that there are clear benefits of using math manipulatives in the Montessori setting, but there are 

also changes that need to be addressed to improve our teaching practices which would help our 

students develop their mathematical mind and mathematical learning.  

 Keywords: Mathematics, manipulatives, language, Common Core State Standards, 

Montessori, traditional, concrete, abstract, narrative, interviews, lower elementary 
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Introduction 
 

Welcome to a lower elementary classroom in an urban public Montessori school where 

1st, 2nd, and 3rd grade students are working independently on a work of their choosing and 

interest. Students are engaged with one another in conversation, materials are being used as 

needed, and the environment is peaceful and welcoming. The classroom setting allows students 

to work at tables, on the floor, or side by side while learning. Meanwhile, the guide is working 

with a small group in an area of the classroom, where the children are being presented a lesson 

based on their development needs and interests. Students are responsible for their own learning 

and the manipulatives help support each student in their individual math journey.  

Welcome to a lower elementary traditional classroom in an urban setting where students 

of a single grade level receive a whole group lesson on a single skill based on the MN state 

standards. The students are now working independently at their desks with a work assigned by 

the teacher. The students in a traditional setting use unfix cubes, number lines, finger counting, 

and other materials assigned by the teacher to help them learn a new concept. While the students 

work at their desks, the teacher is walking around and helping those that have raised their hand 

and need support. Depending on the classroom rules, students are either conversing over the 

concept with turn and talks or working quietly. The environment is calm, and students are all 

working on achieving a common goal.   

Both environments share similarities regarding grade level learning targets and the use of 

manipulative objects to help students develop mathematical understandings. However, there are 

also differences between the two settings regarding the specific manipulatives that are being used 

and their related objectives which will be discussed further in this paper.   
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Literature Review 

There have been several studies that discuss the impact of using manipulatives with best 

practices in the elementary classroom, and give evidence that manipulatives have a positive 

effect on student learning and development.  In this literature review, I will outline the major 

research studies that have been done that show that manipulatives in both the traditional and 

Montessori settings do positively influence the student’s understanding of mathematical 

concepts. This overview will begin to highlight the different types of manipulatives used in the 

traditional and Montessori classrooms, the benefits manipulatives provide for student learning 

while going from concrete to abstract learning with certain concepts, the relationship between 

manipulatives and language, the impact on test scores and assessments, and the connections 

made to the real world. The individual characteristics will bear out in the interviews that are an 

integral part of my research.  

The use of mathematical manipulatives 

Referring to a traditional setting, Liggett proposes the following definition, 

“manipulatives can be any objects that an innovative teacher wishes to use to improve a student’s 

mathematical skills” (2017, p. 88). Further, Laski, Jor’dan, Daoust, and Murray whose research 

took place in Montessori settings define manipulatives as concrete materials (e.g., blocks, tiles) 

used to demonstrate a mathematics concept or to support the execution of a mathematical 

procedure” (2015, p. 1). Lastly, the co-authors, Uribe-Florez and Wilkins, referring to a 

traditional setting, describe manipulatives as, “objects that can be touched, moved about, and 

rearranged or stacked” (2017, p. 1543).  Within both Montessori and traditional settings, math 

manipulatives are regularly used in the younger years, for example PreK and K classrooms. 

However, in the traditional setting an inverse proportion exists between the age of student and 
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math manipulatives: the older the child, the fewer manipulatives exist in the classroom or are 

provided for use.  Rather in a Montessori setting, it is not the converse but instead a general 

constant: numerous manipulatives exist for the diverse areas of math regardless of the age of the 

student. (see Appendix A for a complete list of elementary math materials)  

Math manipulatives in the traditional setting 

Students must be given opportunities to both be active participants in their learning and to 

explain their thinking, solve problems, as well as engage in academic conversation with their 

peers while connecting their ideas to real world experiences. According to Uribe-Florez and 

Wilkins, using manipulatives can have a positive impact on students mathematical learning. 

“Algeblocks, geometric shapes, base-ten blocks, and pattern blocks are all examples of 

manipulatives that may be found in mathematics classrooms” (2017, p. 1543). There are several 

manipulatives that enhance student learning within the traditional classroom and the Montessori 

classroom that help develop students mathematical thinking.  

Teachers use of manipulatives in the classroom   

Research on the use of manipulatives in a traditional setting has shown that they are used 

inconsistently and less and less as students move ahead in grade levels. In the 

article “Manipulative Use and Elementary School Students’ Mathematics Learning,” Uribe-

Florez and Wilkins used data from the Early Childhood Longitudinal Study to examine the 

relationship between elementary school students’ mathematics learning and manipulative use in 

a traditional setting. The study analyzed differences in manipulative use by grade level and the 

relationship between manipulative use and mathematic achievement. The study also “conducted 

a longitudinal analysis to investigate students’ mathematics learning as a function of 

manipulative use during the elementary school years” (2017, p. 1554). The results from the 
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longitudinal analyses showed a positive relationship between manipulative use and student 

learning. The data also showed that the use of manipulatives decreases as students age. The 

authors suggest that this may relate to the educators' beliefs about manipulatives and it may have 

to do with the lack of curricular emphasis on material use as the goals in upper grades are more 

focused on symbolic representations. The authors suggest that students are forced to abstract too 

early during their developmental needs. This limits student’s opportunities to work with 

materials while developing competency and learning a new concept. The data also showed the 

following: “students categorized as using manipulatives almost every day had an overall 

increased rate of learning when compared to those students categorized as using manipulatives 

between two and eight times a month” (Uribe-Florez et al., 2017, p. 1554). This study suggests 

that mathematic achievement increases or decreases due to the students’ manipulative use and 

the lack of manipulative use in fourth and fifth grade is limiting their opportunity to mathematic 

achievement.  

In the same study by Uribe-Florez and Wilkins the article, “Manipulative Use and 

Elementary School Students’ Mathematics Learning,” recognized the connection between 

mathematic achievement and manipulative use to explain the importance of how to use 

manipulatives effectively. With appropriate instruction and guidance “manipulatives provide 

students with opportunities to visualize and maneuver abstract mathematical concepts in concrete 

ways. ...providing students, a mechanism to further connect their concrete understandings to the 

symbolic language of mathematics” (2017, p. 1542). The traditional manipulatives in the 

elementary classroom that support student achievement include base ten blocks, geometric 

shapes, and pattern blocks.  
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Research on the use of manipulatives in a traditional setting has primarily centered on its 

relationship to assessment. Bauml explains that school districts across the United States require 

teachers to follow a curriculum that is standardized and sequential, “standardization prevails in 

many school districts that control curriculum with mandates to maintain fidelity with uniform 

curriculum materials, such as lesson scripts and common assessments” (2015, p. 391). In 

Bauml’s research regarding curriculum guides, she questions that the books are useful in helping 

teachers follow the standards, but the curricula are not developmentally appropriate, the lessons 

are too structured, and the curriculum guide requires teachers to use the same curricular materials 

each day for each student not leaving much leeway to accommodate for developmental needs. 

Manipulatives’ effect on student learning in a traditional setting 

Researchers have been studying the effects of manipulatives on students learning and 

development for many years and this research continues today. In Liggett’s study about the 

impact of manipulatives, best practices are defined as “…one in which the results will increase 

not only the achievement of students but also their attitude towards mathematics” (2017, p. 88). 

Liggett’s research whose study population comprised 43 second graders ranging from age six to 

eight years old was designed with two groups, a control group and a treatment group. The 

purpose of this research was to determine the effect of manipulatives on improving student 

performance in mathematics. During the first week of this study, the administration gave a pre-

test and the second week, the post-test. Liggett used an experimental design by using three facts: 

manipulation, control, and randomization. The manipulative, plastic unifex cubes, was the 

variable in this study. The unifix cubes were provided only during the post-test and only to the 

treatment group. The groups were selected at random by drawing names out of a hat. Finally. this 

study examined the effect of the manipulative and compared the pre and post test scores of the 
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two groups and found that those who received the plastic unifix cubes obtained a higher post-test 

scores in comparison to the students who were in the control group. The results suggest that 

manipulatives do provide positive benefits in mathematical learning.  

How the teacher uses the manipulatives determines the impact it will have on the 

student’s learning and development.  Jones and Tiller discuss the concrete, representational, and 

abstract process that can be used for teaching mathematical concepts and the materials that can 

be used with this practice. This process starts at the concrete level, moves students to the 

representational level and finishes at the abstract level. This is, in fact the actual progression for 

instruction – concrete- representational and abstract. The manipulatives suggested by the authors 

which include everyday objects of blocks, unifix cubes, base ten blocks, popsicle sticks, 

toothpicks, Styrofoam cups, candies, and other counters support these transitions. As we recall 

from our welcoming scene in the introduction these are the objects found in a traditional 

classroom to support teaching mathematics.  

In addition to the impact of the teacher’s use of manipulatives is the related topic of 

teacher preparation for and habits in using the manipulatives. Manipulatives can have a positive 

impact on student development only if the teacher is trained and understands how to present a 

concept with the support of the manipulative. Further research in traditional settings 

hypothesized that teacher’s need more professional development support to effectively use 

manipulatives to teach mathematics, there is a stronger teacher support for manipulative use in 

the younger grades, and mathematic manipulatives are used to support instruction for 

interventions and assessments within a specific curriculum. (Swan & Marshall, 2010).  

The use and manipulatives are directly connected to the use or non-use of mathematical 

language. Cooke and Buchholz who only consider the role of language in math lessons 
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discuss the importance of promoting the use of both math language and verbalized strategies in 

the classroom. This study took place over 3 months in a low-income neighborhood in 

a kindergarten classroom. This study used observations and the results focus on the informal 

strategies that promote the use of math language. Based on the observations, the study introduces 

six strategies to enhance students use of math language.   

Table 1 

Strategies to Promote Math Language 

Strategy  Description  
Provide opportunities 
for self-expression 
informally.  

• This is a time after their centers where students shared what 
activities they were participating in.  

• The teacher used this information to review previously learned 
concepts.  

• The teacher encouraged students to express themselves by telling 
them to accept what each child shares.  

• The teacher did not pressure students to respond.  

Serve as a facilitator 
during center time  
  

• During center time, the teacher observed and listened to the 
student’s conversations to facilitate their construction of 
mathematical ideas and language.  

• This helps reinforce mathematical thinking and understanding.  
Provide opportunities 
for students to 
connect new 
understandings to 
prior knowledge.  

• Connecting mathematical content to the student's prior knowledge 
or real-life connections allows students to connect more easily to 
new content and produces more engagement.  

  
  

Connect 
administrative tasks 
or classroom routines 
to mathematics  

• The teacher used attendance to help the students practice 
their counting  

• The teacher had the students compare the current data to previous 
days of data based on attendance.  

• The teacher also incorporated telling time to the daily routine. She 
would ask the students to remind her when it was time to 
transition. This put the responsibility on the students and gave 
opportunities to continue practicing math skills.  

Ask a variety 
of questions  

• Asking questions helps stimulate the child’s thinking and 
learning.  

Encourage the use of 
appropriate 
math terms  

• The teacher used developmentally appropriate strategies to 
introduce new terms.   
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Manipulatives have an impact on how students perform on standardized tests. One factor 

that contributes to student's performance on tests is mathematic anxiety. The study conducted by 

Dowker, Cheriton, Horton, and Mark, they investigated attitudes about mathematics with 67 

English and 49 Chinese children. The study utilized a questionnaire to measure children’s 

mathematic anxiety, liking for math, unhappiness at poor performance in mathematics, and self-

rating in mathematics. The study found that “higher levels of mathematical anxiety have been 

linked to lower performance in high school tests, lower enjoyment of mathematics, and 

decreased motivation to take advanced mathematics courses” (2017, p. 212). The study also 

explains that “attitudes to mathematics are associated with arithmetical performance even in 

children in the first year at school, with self-rating and unhappiness at failure being much more 

important than anxiety, or for that matter liking for mathematics, in predicting mathematical 

performance” (2017, p. 225). These results suggest that educators in the field of Elementary 

education should focus on ways to both reduce stress at failure and to preserve confidence in the 

child’s ability to solve math problems. 

Dr. Maria Montessori was one of the first educators to develop concrete materials that 

were specifically designed to represent mathematical concepts. In the article “What Makes 

Mathematics Manipulatives Effective? Lessons from Cognitive Science and Montessori 

Education”, the authors describe the four principles for maximizing the effectiveness of 

manipulatives and connects these principles to the Montessori approach. The first principal 

addresses using manipulatives consistently, over an extended period of time.  This principle 

explains that in order for manipulatives to be effective “…children need time to make the 

relation between the concrete materials and abstract concept they represent” (Laski, Jor’dan, 

Daoust, and Murray, 2015, p. 2). The benefit of manipulatives depends on how long the child is 
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exposed to the material and how often the child repeatedly solves problems with the 

manipulatives. The Montessori approach gives students the opportunity to work with the same 

manipulative over a long period of time and they are used consistently as the students move up 

through the grade levels. This allows students to gradually develop their thinking from concrete 

to abstract and more advanced concepts.   

The second principle that the authors present is to begin with highly transparent concrete 

representations and move to more abstract representations over time. Instruction should progress 

to the use of more abstract representations over time and the sequence of Montessori materials is 

structured to move children to abstract knowledge over time.   

The third principle is to avoid using manipulatives that resemble everyday objects. The 

study found that manipulatives that resemble real-world objects are distracting, and children tend 

to play with the materials. According to the dual representation theory highlighted in the article, 

“When the manipulative itself is interesting to play with…it distracts and prevents the child from 

making the relation between the manipulative and the mathematics concept it is meant to 

represent. However, when the manipulative is basic then it helps children direct all of their 

attention to thinking about its relation with the mathematics concept it represents” (e.g., Laski et 

al., 2015, p. 5). The Montessori approach uses basic manipulatives that have no connection to 

everyday life.   

The fourth principle is to explicitly explain the relation between the manipulatives and 

the math concept. It is important to use explicit statements about how the material represents the 

mathematical procedure or concept. According to the article, students are likely to increase their 

problem-solving skills and mathematical learning with the use of these four principles with 

guidance from the teacher.    
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Maria Montessori developed materials based on observations of children and their 

developmental needs. In Lillard’s (2008) work, “How Important are the Montessori 

Materials” she explains Montessori’s steps to developing materials as “not only does each 

material have many purposes, but also there is little redundancy across the materials, and 

redundancy is highly intentional where it exists” (p. 21). Several examples of this intentionality 

include: the small knobs which assist development of the pincer grip and the metal insets which 

allows the students to practice holding and handling a pencil. Lillard also explains that “...each 

material was developed in the context of all other materials” (2008, p. 21). As the 

children grow, the materials prepare them for the next stage of development and 

builds from the previous material. Each Montessori material is specific to the child’s stage of 

development. While using the materials, it is important that the guide presents the materials with 

care, intentionality, and respect in order for the child to take responsibility and care for their 

environment.  

The impact of language with manipulatives  

Along with the impact that using manipulatives in the classroom has on student learning, 

it is important that these materials are presented with mathematical language. In the 

article “Formal and Informal Mathematical Discourses: Bakhtin and Vygotsky, Dialogue and 

Dialectic”, Barwell discusses the perspectives of two theorists and proposes that 

a dialogic perspective as an alternative. Barwell argues the following, “mathematical meaning 

emerges through locally produced, situated dialogic relations between multiple discourses, 

voices and languages in mathematics classroom interaction” (2015, p. 331). The child does not 

follow a linear path going from informal to formal mathematical discourse, but instead the child 
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works alongside the teacher to expand their repertoire of ways to make meaning in their 

mathematical thinking.   

The article explains the differences between the theorists as “From a Vygotskian 

perspective the teacher is a guide, leading the socialization of students into the use of established 

mathematical language. From a Bakhtinian perspective, the future path is not so clear. The 

teacher works with the students (and they with her) to make mathematical meaning,” (Barwell, 

2015, p. 343). Vygotskian approach is more systematic and Bakhtinian approach has the teacher 

working side by side with the students. The author suggests that mathematical meaning develops 

through locally produced, situated dialogic relations. This needs to happen between multiple 

discourses, voices, and interactions in the mathematic classroom. Mathematical discourse is 

about encountering other ideas and hearing multiple voices. This conversation can then be used 

to help the students and teacher make mathematical meaning. The students are having a 

discussion between two different perspectives to help develop mathematical ideas.     

These strategies help build up mathematical language and thinking in the 

classroom. These strategies connect well to the Montessori philosophy where students work 

together every day. Montessori also integrates more than one skill in lessons and connects 

lessons to the bigger picture, which was one of the strategies listed to encourage more math talk. 

The National Governors Association and the Council of Chief State School Officers 

created the Common Core State Standards (CCSS) in 2010. The two state groups recognized the 

need for consistent learning goals in order for students to be successful throughout their lives and 

defined the Common Core as “…a set of high-quality academic standards in mathematics and 

English language arts. These learning goals outline what a student should know and be able to do 

at the end of each grade” (Common Core, 2021). The Common Core was created in order to 
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ensure that all students are prepared and can graduate from high school ready to succeed in 

college and in life regardless of their location within the United States. The CCSS is research and 

evidence based, provides rigorous and clear content, and aligns with college and career 

expectations.  

The prominence of implementing the CCSS throughout the United States has altered the 

dynamic in today’s classrooms for both students and educators. Duffy (2014) argues that 

Montessori programs exceed the Common Core State Standards and Montessorians were not 

discouraged from these new state standards when this change was introduced. “In every case [of 

a CC Standard], the materials allow students to go well beyond the expectations of the standards 

and do so in a way that promotes understanding rather 

than rote memorization” (p. 61). The Montessori math 

manipulatives add extra support to the Montessori 

curriculum while meeting the Common Core State 

Standards. The CCSS introduced expectations of when to 

introduce new concepts, but the Montessori curriculum 

was already set up through sequencing the lessons based 

on concepts and with the knowledge of the child’s stage 

of development. For example, the Standard 2.2.1.1 in 

mathematics asks second grade students to identify, create, and describe simple number patterns 

involving repeated addition or subtraction, skip counting and arrays or objects such as counters 

or tiles. The language and use of active verbs that are used in the CCSS are intentional about 

learning competencies. This intentional change caused a shift in student learning going from 

solving the problem to get an answer to solving a problem to understand the process and steps to 

Figure 1  

The Multiplication Board 
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get to the answer. The Montessori manipulatives offer practice with this standard through the 

presentation of multiples and factor work using the Multiplication Board. This Montessori 

manipulative allows students to work concretely with the material to develop their understanding 

for simple number patterns through skip counting, repeated addition, and building arrays. For 

example, the multiplication board offers opportunities for indirect preparation which comes from 

the 4-bead chain, or bead bar addition. The use of other Montessori materials contributes to their 

identification and creation of an array.  

Another important aspect to recognize is that the CCSS was provided for teachers to 

introduce the same standards during the same grades, and earlier in child’s educational journey. 

However, the Montessori curriculum and the materials were already doing this, because 

Montessori’s research is based on following the child where they are developmentally as well as 

focusing on their individual interests based on observations. The iterative nature of the materials 

contributes to the continuity and scaffolding or indirect preparation. Duffy found that the 

Montessori math curriculum often introduces concepts earlier than the Common Core. “The 

standard Montessori curriculum goes well beyond the Common Core” (2014, p. 61). For 

example, students in the Montessori setting learn how to do all of the operations with fractions of 

different denominators a year before the expected state standard (Duffy, 2014, p. 61). In 

speaking with upper elementary (E2) colleagues, this is true for a “typically developing student 

but not necessarily for all”. The value of the Montessori materials and philosophy is that the 

approach allows time to be flexible which is not how the CCSS outlines competencies. In the 

Elementary Montessori classroom, we have 3 grade levels compared to the traditional setting 

with just one grade level. This makes aligning with CCSS difficult because we see the three-year 

span as a continuum and holding them to second grade standard is contrary to how we view 



ELEMENTARY MATH MANIPULATIVES 16 

development. There is also the ongoing inquiry of does using materials as a support conflict with 

the definition of meeting of a CC Standard or not. Should the child be able to solve a problem 

without the materials to show that they have met a standard or should the child be able to show 

what they have learned by using the materials.  

The state of Minnesota did not adopt the CC State Standards used in mathematics, but 

instead has their own set of State Standards that teachers are expected to follow. The benefit of 

using the narrative inquiry model allows me to make connections between my own experience 

with the interviewee’s experiences in relationship to the state standards. Speaking to my 

multiyear experience in public schools, student teaching, and in the Montessori setting, I have 

found that the Minnesota state standards in math are more rigorous. From my experience, the 

Minnesota state standards provide a sequence of learning expected from the teacher, allow 

students to make connections using logical reasoning, and give specific details on the goals and 

vocabulary that needs to be used to show mastery and understanding. I have also found that the 

Minnesota state standards align well with the Montessori math curriculum and manipulatives. In 

the St. Paul Public School District, several Montessori teachers across multiple schools in the last 

few years worked together to align the sequencing of the Montessori math curriculum with the 

MN state standards while also listing Montessori math manipulatives that support specific 

standards that are required to be taught. This alignment and sequencing have helped validate 

Montessori practices within the St. Paul Public Schools and allows the teachers to meet the 

developmental needs to each student in mathematics. 

Although the Montessori curriculum and materials support the CC Standards, such as, 

having manipulatives that align with the specific concepts, presenting math materials and lessons 

at an earlier age, and using a sequential curriculum with iterative manipulatives, there is a critical 
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area of improvement in the teaching of mathematics that still stands today. The Montessori 

presentations and follow up work do not give students enough time to practice the academic 

language while working with the manipulatives. For example, when a child is practicing with the 

Multiplication Board and solving the equation 3 x 5 the child is able to show the steps of 

constructing three rows of beads with five beads in each row to find the answer, but the child 

might not be able to explain their process of how they got the answer using mathematical terms 

such as multiplication and repeated addition. Pindiprolu and Shockey (2015) explain that the 

importance of language in mathematics is emphasized in the CC Math Standards and emphasizes 

attention on precision, “…mathematically proficient students try to communicate precisely to 

others. They try to use clear definitions in discussion with others and in their own reasoning” (p. 

29). In order for the child to use the definitions with precision and become independent with 

conceptual understanding of the mathematical concepts, the teacher must first have a firm 

understanding of the mathematical language and knowledge. The CCSS provide teachers and 

students the opportunity to engage in deep dialogue with the math terms which helps the student 

develop a conceptual understanding of mathematics. Montessorians can learn from their 

traditional school counterparts about the importance of having these conceptual and abstract 

conversations, setting goals with using language during math work time, and the value language 

provides as students develop their mathematical mind. We have to teach using more academic 

language verbal form and written form instead of relying too heavily on the materials to do the 

teaching for us. In order to begin making this change in our practices, we need to change our 

patterns and trust the materials to connote the conceptual concepts.  

Laski, Jor’dan, Daoust, and Murray explain that manipulatives have a positive impact on 

student performance on standardized tests. This article states that children who attended a 



ELEMENTARY MATH MANIPULATIVES 18 

Montessori program scored higher on a standardized math test than children who attended a non-

Montessori school. “Children who attend high-fidelity Montessori programs are more likely to 

have higher standardized math scores than those who attend lower fidelity Montessori or 

traditional early childhood programs” (Laski et al., 2015, p. 2). The benefits of the Montessori 

approach are partially due to effectiveness of the manipulatives accompanied with high level of 

instructional guidance.    

Conclusion   

In several of the studies, using manipulatives while teaching mathematics can have 

positive impact on student learning.  When developmentally appropriate manipulatives are 

offered alongside high-level instruction, student’s develop confidence, a deeper level thinking, 

and their mathematical language evolves. Through reviewing these articles, I have developed my 

research paper to analyze how and why manipulatives are used within the traditional classroom 

setting and the Montessori setting. I will also go deeper into the use of language in 

mathematics and changes or adaptations that are needed in mathematics within 

the Elementary Montessori classroom and the traditional classroom. This will be explained 

through previous research findings and through interviews with teachers within Minnesota.   

Mathematics and the Montessori Philosophy  

Maria Montessori believed that every child is born with a mathematical mind. The 

mathematical mind comes naturally to the human brain because of the world that we live in. 

Ginni Sacket explains that the mathematical mind is “a concept, an abstraction, created by 

humans in an attempt to explain and label something we experience about the brain and the mind 

it supports” (2014, p. 198). There are certain tendencies that are linked to the mathematical mind. 

These tendencies are a sense of order, abstraction and imagination, and exactness.  Maria 
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Montessori did not originally have math materials in her early environments, however, once she 

realized through observations that children could learn math with concrete materials, she devised 

many didactic math materials several of which were developed in collaboration with others. 

Today, the math area of the Montessori classroom has the greatest number of materials to help 

each individual child grow at their stage of development. A list of these elementary 

manipulatives can be found in Appendix A. 

Maria Montessori theorized that the human constructs an image in their mind out of their 

experiences in the world which contributed to the 

development and the design of the Montessori math 

manipulatives. The Montessori manipulatives respond 

to the child’s interests and cognitive ability based on 

their developmental needs to guide their understanding 

of a mathematical concept. For example, a 1000 beaded 

cube is exactly 1000 times larger than a one-unit bead 

and this creates sensory-based impression with the three senses; baric, touch, and vision, as the 

child can actually experience the differences between the materials. This material is designed for 

the younger child to meet their developmental needs of sensorial learning versus the Stamp 

Game, which uses tiles all of the exact same size and shape but different colors with different 

numerical representations. The baric sense, or the weight is absent when using the Stamp Game 

which makes this material more abstract than the Golden Beads. These materials offer 

instructional differentiation because there are multiple lessons within one manipulative. The 

Montessori materials are repetitive across grade levels and this allows for differentiation because 

the guide uses them to present different mathematical concepts. 

Figure 2 
 
Golden Bead Material 
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In the book Math Works: Montessori Math and the Developing Brain, Duffy explains the 

benefits of the Montessori math materials, “Montessori math materials are real, three-

dimensional, multi-sensory objects instead of flat pictures in a book, or worse, just words and 

numbers to explain mathematical concepts” 

(2008, p. 34). Duffy further explains that the 

Montessori materials support number-quantity 

correspondence by going beyond finger 

counting and instead using the Number Rods. 

The Number Rods go from a 10-centimeter 

length rod which represents 1 to a meter-long 

strip with alternating red and blue lengths 

which represents 10. This concrete material is used to teach counting and once successful the 

child moves onto working with the teen and hundred boards, long bead chains, a color-coded 

collection of connected bead bars up to 1000 and golden bead materials.  

Duffy argues that each material provides an enriched learning experience, because they 

are all concrete, multi-sensory objects and together the materials stimulate the learning process 

and enhance recall through memory (2008, p. 35). In the elementary Montessori classroom, one 

of the most important concrete materials are the Golden Beads. This material introduces the child 

to the decimal system and is a tool for teaching addition, subtraction, multiplication, and division 

and more. The Golden Beads use physical quantities, which gives the child a concrete 

understanding of units, tens, hundreds, and thousands.  

Figure 3  

The Blue and Red Number Rods 
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Once the child has a firm understanding of number sense, number composition, and the 

process of the four operations, then they are ready for the first step toward abstraction, which 

includes the Stamp Game. The Stamp Game, which was mentioned previously, uses tiles that are 

all the same size with different colors to represent 

the place value amount. The green squares with 1 

on it represent the units, the blue squares with 10 on 

it represent the ten bar, the red represents the 

hundred square, and the finally another green 

square with 1000 on it representing the thousand 

cube. These materials and place value 

representation replace the Golden Beads. Duffy 

explains that the Stamp Game helps move the child 

toward abstraction while maintaining a concrete representation when understanding the process 

of operations.  

Another Montessori material which follows the Stamp Game is the Checkerboard (Fig. 

4). This material follows the same colors as the Stamp Game, but now introduces larger 

multiplication problems with the use of the colored bead bars. The Checkerboard consists of a 

“checkerboard” of the three hierarchical colors: green, blue and red. In each row the triple 

sequence occurs: a green square representing the units, a blue square representing the tens, a red 

square representing the hundreds, and then the pattern repeats, another green square representing 

the unit of 1000s, blue square as tens of 1000s, red hundreds of 1000 etc. The bead bars are the 

multiplicand which is composed of a certain number based on their color and take the value of 

the hierarchy where they were placed.  

Figure 4 

Checkerboard 
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The Golden Beads, the Stamp Game, and the Checkerboard are all concrete, color coded, 

and continuous. There is a both a clear and logical path of moving from fully concrete to fully 

abstract and there is overlap between material across grade levels. This repetitive exposure 

provides extra support; in the didactic materials it can be seen in the consistent colors that are 

used throughout all of the math materials as well as both the use of the same material for a new 

lesson or the use of the same material by an older child who will experience it differently than at 

the previous level. Lillard’s work (2008) found that Montessori developed materials that work 

together both in the classroom and across classroom levels, “the set within each classroom was 

intended to be about the right size set for a child to master in about 3 years in the classroom. And 

the materials the child would see in the next classroom not only referred to the materials in the 

earlier classroom (sometimes they were the same materials, used in a more complex way), but 

also required the understanding conferred by that earlier material” (p. 22). The duplication of the 

same materials as well as the traversing from concrete to abstract allows the child to feel more 

stable during their stages of development. The Montessori materials allows the student to 

experience a concept concretely to understanding the concept abstractly. The mathematical mind 

allows the child to create patterns based on their observations in their environment and within 

their discovery of the universe.  

Maria Montessori recognized the importance of the hand and the need to provide the 

child with manipulatives to foster independence. “…we must not carry the child about, but let 

him walk, and if his hand wishes to work, we must provide him with things on which he can 

exercise an intelligent activity” (Montessori, 1995, p. 155). As the child is born, they begin to 

walk on two legs and their hands become tools used to work. The child is learning that the hand 

is responsible for making changes in their environment. As the child develops, their mobility 
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becomes more coordinated, and the guide must provide purposeful work to help the child move 

toward independence. Maria Montessori recognized that providing students with manipulatives 

to support each child’s learning, helps the child develop concentration and coordination with the 

use of their hands and eyes. For example, the child can see and feel the weight of a thousand 

beaded cube versus that of one unit cube as the part of the process to learn what 1000 actually is. 

The hand – by manipulating the cube and the single bead informs the mind of its numerical 

‘value.’ Though, the child may not entirely understand the extend of one thousand, the hand 

begins by helping them sensorially experience 1000. The hand interacting with the Prepared 

Environment is how the child “constructs” himself. Montessori (1995) argues that the adult is too 

often an obstacle in the child’s self-construction, and instead the adult should recognize that it is 

the child’s own actions that brings him to independence. “It is thanks to the hand, the companion 

of the mind, that civilization has arisen. The hand has been the great organ of this great gift that 

we inherit. The hands therefore, are connected with mental life” (p. 151-52). While nature pushes 

the child to do things on his own, the hand works as a companion to the mind and the child’s 

relation with self-construction and independence creates conditions for self-satisfaction and 

joyful behavior.  

Montessori manipulatives are designed to follow the child and address the child’s 

developmental needs. The research showed that by using concrete materials during the 

child’s early stages of development, their sensitive years, the Montessori child can learn the 

elementary concepts of mathematics. The use of concrete hands-on learning materials during the 

first two planes of development makes the abstract concepts clearer and the manipulatives offer 

the opportunity for students to develop the concept first. There is a cognitive leap from early 

childhood to elementary due to the development of their imagination, the solidification of the 



ELEMENTARY MATH MANIPULATIVES 24 

sense of chronology and “big picture thinking.” During the Second Plane of Development, the 

child begins to see themselves as apart of society, there is a desire for independence, and the 

child begins to ask bigger questions about their moral responsibilities within the world. 

Montessori believed children in the Second Plane of Development, “… could be properly 

educated only in the context of the whole of reality” (Duffy, 2002. p. 7). Duffy (2002) explains 

that during this age, “children enter into society and through the power of imagination, expand 

their circle of consciousness to the world" (p. 7). In Duffy’s work, he explains Montessori’s 

discoveries of how the universe plays a role in the child’s education, “If the idea of the universe 

be presented to the child in the right way, it will do more for him than just arouse his interest, for 

it will create in him admiration and wonder, a feeling loftier than any interest and more 

satisfying” (2002, p. 36). Students become interested in how to the universe works and they 

cultivate social relationships as part of their learning. For example, this is reflected in the math 

materials with the connection between the Checkboard material and the Five Great Lessons. The 

Story of the Universe introduces children to their place and time within the cosmos and sheer the 

immensity of space. With for example, the Checkerboard material, the child can actually 

concretely build the large numbers and equations that are needed for calculating distances and 

other measurements in space. In other words, the math materials not only allow the children to 

pursue large number calculations into the millions and billions which actually intensely capture 

their interest at this age but the concrete math materials also allow for the application and 

integration of the other areas of the curriculum.  Similarly, the math (and geometry) materials 

support the study of geological time in eons and eras that accompany the Second and Third Great 

lessons. The Five Great Lessons with the support of the Checkerboard material allows the child 
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to go beyond the classroom, apply math concepts in context and recognize that everything is tied 

together and interconnected.  

My research topic discusses the different manipulatives used within the Montessori 

classroom and the traditional classroom. I consider and examine the different purposes of 

manipulatives and the impact it places on student learning through conducting interviews with 

both Montessori guides and traditional teachers. Through these interviews and research, 

I can explain the benefits and needs within the lower elementary classroom to best support each 

child in their learning. The world of math is always evolving and growing, and it is important to 

know about the negative and positive impacts that manipulatives can make on student learning 

based on the teacher’s knowledge and presentation of the manipulatives.  

Manipulatives aid children in growing towards independence. The use and invention of 

math manipulatives in the Montessori classroom is contributed to Maria Montessori’s research 

and work done with children through observation and teaching. In The Montessori Controversy 

John Chattin-McNichols explains that “When someone thinks about Montessori, her wonderful 

math materials are often the first things that come to mind” (1992, p. 97). It is important to note 

that though the math materials within the Montessori method play an important role in the 

child’s learning only if used correctly by the Montessori guide. Chattin-McNichols goes on to 

explain two important goals of the Montessori method, “…each student be taught at exactly the 

level he or she is on, and that students will be both willing and able to work on their own” (1992, 

p. 97).1 The math manipulatives allow the child to learn at their developmental stage and 

 
1 Often, we see Montessori math (and reading) lessons given by grade groupings in Montessori classrooms. Chattin-
McNichols’ words in the Controversy advise, albeit indirectly against this. It is nearly statistically impossible for a 
single group of same age or grade to be at the same level.  
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encourages independence as the guide presents the lessons, so the child learns how to do it on 

their own.   

Manipulatives can have a positive impact on student learning within the classroom. 

Multiple studies show that manipulatives allow students to go from concrete to abstract thinking 

to build a deeper understanding of mathematical concepts. Using manipulatives within best 

practices allows students to develop their language skills, make connections to the real world, 

and results in increased test scores in both the traditional classroom setting and the Montessori 

classroom setting.   

Research Framework 

I have been teaching for five years in elementary education in a large urban district. My 

undergraduate degree in teaching and a Minnesota state license required a student teaching 

appointment and I was placed for one year in a public urban Montessori classroom. It was there 

that I was first introduced to the Montessori method of education and its philosophy! Following 

that experience, I taught for my first three years teaching in a second-grade traditional school 

setting. I decided to leave the traditional classroom and switch to the Montessori setting because 

of the benefits I observed of using the manipulatives to support student learning as well as the 

structure of choice given to the students that allowed them to follow their interests in their own 

learning. For the last two years, I have been the lead guide in a Lower Elementary classroom in a 

public urban Montessori school. During my time in both settings, I have formed several 

relationships with talented and knowledgeable educators.  

Having experience in both classroom settings, I was able to learn, observe, and notice the 

differences between the mathematical manipulatives. Reflecting on my choice to leave the 

traditional classroom and immerse myself into the Montessori philosophy of learning, I then 
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realized that part of my cosmic purpose was to learn more about the Montessori method and how 

the Montessori manipulatives play a role in the child’s developmental learning to best support 

my students in the classroom. I decided to focus my research on mathematical manipulatives to 

help contribute to a better understanding of their use for both traditional schools and Montessori 

schools and given my experience across both traditional and Montessori educational models, I 

chose to do this through the methodology of narrative inquiry. 

 My research project began during the beginning of the COVID-19 pandemic and I was 

assigned to teach online (virtual teaching) for the full 2020-2021 school year. I chose a research 

framework that enabled me to be able to reflect both my collective experiences over time as well 

as others’ experiences within Minnesota and the surrounding states. The three years in the 

traditional setting and the two most recent years of working in a Montessori setting provided me 

with many experiences of working with students using math manipulatives and the ability to 

build lasting relationships with other educators. Unable to obtain real time quantitative data on 

the use of math manipulatives since I was teaching virtually, I decided to focus exclusively on 

qualitative data obtained from both my experiences and a series of interviews from a variety of 

educators I had come to know over the years. 

Merriam describes interviews as a process between the researcher and the participant 

where they engage in conversation based on questions related to the research study, 

“interviewing is often the major source of qualitative data needed for understanding the 

phenomenon under study… the information in any single interview needs to be considered in 

light of other interviews” (2009, p. 114). The interview data and my own experiences and 

insights offer meaningful information about strengths and areas of need in the Montessori math 

curriculum in order for me to begin to make positive change in the elementary setting. My 
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narrative research framework using interview is a means for me to both inform my practice and 

learn more deeply about teaching effectively with math manipulatives.  

Previously, I mentioned that Covid-19 had an impact on my research methodology 

decision to gather collective experiences through interviews. The pandemic also caused my 

research project and practicum course to spread over into two years instead of doing them both 

during the same year, as is standard for this Montessori teacher education program. I will have 

the opportunity to complete my Montessori teaching practicum during next school year and will 

have the unexpected added benefit of being able to implement the valuable outcomes from this 

research project during this critical learning year. Due to this delay and being a virtual teacher, I 

knew that an action research project that relied on student data and use of the Montessori math 

manipulatives in person would simply not be possible in my district given the existing pandemic 

school protocols. Choosing narrative inquiry as my research methodology gives me the 

opportunity to apply what I have learned from both my personal experiences, including virtual 

teaching with Montessori manipulatives and the data from the interviews into my practice when I 

will be back in person with the students.  

This narrative methodology offers an opportunity for researchers to capture experiences 

and assumptions within the world of education, particularly how we teach when using math 

manipulatives. Merriam explains that “Qualitative researchers are interested in understanding 

how people interpret their experiences, how they construct their worlds, and what meaning they 

attribute to their experiences” (2009, p. 5). By gathering information through in depth one-on-

one interviews as opposed to a case study or other similar qualitative methods, I will be able to 

learn about different perspectives and obtain meaningful information about the use and impact of 

mathematical manipulatives from their own experiences and knowledge. Merriam argues that 
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narrative analysis allows us to make sense of our experiences through different approaches, 

“whether the account is in the form of autobiography, life history, interview, journal, letters, or 

other materials that we collect, the text is analyzed for the meaning it has for its author” (2009, p. 

32). The interviewees will share their experiences and stories and this text will then be used to 

gather data by analyzing the meaning. The framework of listening to the experiences of other 

math teachers will provide a clear pathway for me to identify commonalities, common 

challenges and even assumptions about using math manipulatives in their classrooms. While, as I 

mentioned I have teaching experiences in both the traditional and Montessori settings, I only 

have my classroom. The model of narrative inquiry allows to get a thorough view of how other 

teachers use manipulatives – their stories will offer us much more than the initial glimpses that 

opened our Introduction.  

The value of these interviews will allow me to make connections to my own past 

experiences of working in both the traditional setting and the Montessori setting. Merriam further 

explains that a characteristic of qualitative research is having a questioning stance in regards to 

your own work and life context, “…qualitative research is a means of answering questions so 

you must first look with a questioning eye to what is happening in your life. Why are things the 

way they are?” (2009, p. 17). I will apply, change, and reflect on the data from the interviews 

into my own development and practices within the Montessori math curriculum. Choosing to 

conduct interviews with educators will allow me to learn about others perspectives, assumptions, 

and challenges which contributes to the validity of the research and the change that needs to 

happen to better support our students in mathematics.  

I interviewed five teachers which took place virtually over Google Meet and Zoom where 

I recorded our conversations and took notes. Three are currently or were formerly Montessori 
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guides and the other two are currently traditional classroom teachers. The full summary of each 

interview can be found in Appendices C, D, E, F, and G.   



Running head: ELEMENTARY MATH MANIPULATIVES  

Table 2 
 
Interview Questions, Interview Responses, Key Reflections 
 

Interview Question Interviewee Responses and Quotes Key Reflections, Inquiries, Further Notes 

 

 

 

 

 

 

When thinking 
about your 
classroom, what 
math manipulatives 
do you use the 
most? 

All of the Montessori interviewees shared that they 

use the Stamp Game the most. Most Montessori 

interviewees shared that they also use the Bead Bar 

Box (1-9 fixed quantity) and the Golden Bead 

manipulatives. 

 

The two traditional interviewees shared that their 

most commonly used manipulatives are the unfix 

cubes and base ten blocks. 

 

The Bead Bar Box is beneficial for students 
because this material improves number sense; it is 
color coded and it represents fixed quantities which 
helps students subitize.  
 
The Stamp Game, Golden Beads, and the Base Ten 
Blocks are regularly used manipulatives to teach 
place value.  
 
The Montessori teachers were able to list off 
materials and name multiple concepts that can be 
taught with one material while the traditional 
teachers listed off manipulatives without naming a 
concept to which it correlates with when teaching. 
 
The common theme I noticed from both the 
Montessori and the traditional interviewees is that 
they all chose a manipulative that involves teaching 
and learning the concept of place value. 

 

 

 

 

If I say math 
manipulatives and 
student learning, 
what do you think 
of from the 

The manipulatives function as a tool to teach a 

concept concretely with the goal of reaching abstract 

thinking.  

 

The students should recognize that the manipulatives 

are a part of their environment. “If you look at a 

triangle, on one angle of that is the teacher, the child 

is another, and the material is the third. The material 

is part of the environment, it’s the third teacher. I see 

A take away from this question is that the 
Montessori materials are designed to lead the child 
from concrete representation to pure abstraction, 
but the guide needs to be intentional about their 
observational techniques to fully understand if the 
child has mastered the concept and is 
developmentally ready to take the next step towards 
abstraction. 
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student’s 
perspective in their 
learning and in 
relation to you in 
your teaching? 

a direct interplay between all of us.” – Interviewee 

N2. 

 

The student’s view the materials as activities and the 

teacher needs more understanding of observation in 

order to understand if a student is fully processing a 

concept with the manipulative.  

 

The traditional interviewees recognized that 

manipulatives are tools to help students explore 

concepts through a hands-on approach and through 

concrete experiences. 

 

One difference between the Montessori and the 
traditional responses I took away from this 
interview question was that the traditional teachers 
shared that the manipulatives are often viewed as 
toys until the teacher models its purpose. The 
Montessori materials are iterative, include design 
redundancy (i.e., color); (color coded), and serve a 
purpose based on the child’s stage of development, 
while the traditional manipulatives are hands-on 
tools, but they weren’t created with child’s 
development in mind and they are not consistent. 
This can cause distractions and become less 
meaningful in the teacher’s instruction. 

 

 

 

 

 

 

 

 

As a Montessori 
classroom teacher, 
do you feel that the 
materials are used 
effectively? 

Two of the Montessori interviewees shared the 

importance of practicing with the materials according 

to the album sequence. This practice gives the guide 

the opportunity to have experience with how the 

materials are interconnected. 

 

One interviewee shared that we need to think beyond 

just our classroom and work with other 

Montessorians to reflect on our practices and how to 

adjust and improve our teachings to help guide the 

child. 

 
“If the teacher is trained and she has the correct 

philosophical approach to the Montessori materials” 

– Interviewee N2. 

 

“The Montessori classroom offers two things; the 

concrete and also the experience so I’d say yes they 

[materials] are useful.” – Interviewee N1.  

 

“If the teacher is trained and she has the correct 
philosophical approach to the Montessori 
materials” – Interviewee N2. 
 
“The Montessori classroom offers two things; the 
concrete and also the experience so I’d say yes they 
[materials] are useful.” – Interviewee N1.  
 

I noticed the importance of presenting the lessons 
in the correct sequence and with the correct intent. 
 
Another take away I learned was that there is 
always opportunity to use the materials more 
effectively especially while working with other 
Montessorians. 
 
These responses informed me that each material 
serves a purpose and that the sequence is important 
to follow because it teaches to the planes of 
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development and promotes the development of the 
mathematical mind. 
 

I wonder how Montessorians can collaborate 
together within the public school district to better 
support each other? 

 

 

 

 

 

 

 

 

 

 

What do you think 
best practices looks 
like when teaching 
mathematics in 
your current 
elementary 
classroom? 

Interviewee N1 shared that best practices is 

recognizing the different levels within the classroom 

and valuing each child’s ability to progress based on 

what the guide is teaching, when the guide is 

teaching, and why the guide is teaching. 

 

Interviewee N2 shared that to create best practices in 

the Montessori setting, changes need to be made. 

There needs to be more connections to the real world 

and more higher order thinking. The guide needs to 

be more cognizant of covering the standards while 

working on advancing student language so that the 

child can better understand a concept. 

 

Interviewee N3 reflected on understanding what the 

learning outcome is for the child and then having a 

thorough understanding of all the Montessori 

manipulatives to connect the two. 

 

Interviewee N4 shared that best practices is allowing 

the child to explore the materials, uses assessment 

and state standards, and incorporates small groups 

based on their abilities.  

 

Interviewee N5 shared that best practices is making 

accommodations and modifications for each child as 

One key take-away regarding best practices when 
teaching is the importance and use of language and 
understanding what the learning outcome or 
standard that the child needs to learn. The 
Montessori curriculum allows students to learn new 
concepts with materials, but in order to learn if the 
child actually understands that concept, the child 
needs to use mathematical language to explain 
their thinking and processing. 
 
I wonder how we can incorporate more language 
strategies into our presentations? 
 
I noticed that in the traditional setting, the teachers 
use formal assessments to guide best practices 
while the Montessori setting depends more on 
intentional observation and following each child 
with the specific manipulative and developmental 
need. 
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well as teaching the purpose of the manipulative so 

that child can use it to learn. 

 

 

 

 

 

 

 

What does the 
average math lesson 
look like in your 
classroom? (Length, 
time, 
structure/frequency, 
groupings or whole 
class, concept and 
practice, 
environment). 
 

In the Montessori setting, the guide teaches math in 

small groups based on interests, ability level, and 

their developmental needs.  

 

“I’d define the material, say what we are going to be 

thinking about today, then give the lesson, and at the 

end give them a task. I added the piece of having a 

conversation about the task and some sort of 

formative assessment.” – Interviewee N3. 

 

“My record keeping became what are they going to 

do next rather than what did they do.” – Interviewee 

N3. 

 

In the traditional setting, the teacher gives a whole 

group lesson before breaking into centers and small 

groups. Students independent work is chosen by the 

teacher. 

 

“We have a whole group mini lesson that is 10-15 

minutes. Then we do have-tos where students go to 

their math tables and the activity is something at their 

level or review work that I choose and I sit with one 

table and do a mini lesson,” – Interviewee N4. 

One take-away that I noticed was that the 
Montessori interviewees spoke more about the 
value of the materials playing a role in the average 
math lesson and in the student’s development with 
learning a new concept whereas the traditional 
teachers spoke more about the structure of the 
lessons.  
 
Another take-away is the differences between the 
traditional and Montessori structure. In both 
traditional settings, there is a whole group lesson 
based on a grade level standard and then the 
teachers pull small groups based on ability level. 
However, in the Montessori setting the math 
lessons were either all small group or one-on-one 
with the students based on their interests, 
developmental stage, and prior lessons.  
 
The traditional lessons were given daily whereas 
the Montessori lessons were given a few times per 
week with follow up work to practice over a period 
of time based on observations. 
 

  

 

 

 

 

 

 

“The control of error. You have to walk away and say 

you don’t need the teacher to do the work. The 

material should be doing the work for you and 

teaching the kids” – Interviewee N1. 

 

All interviewees shared that manipulatives are 
important to use when teaching math concepts.  
 
A difference I noticed between the two settings is 
that the traditional teachers spoke about how 
manipulatives support solving problems and 
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What benefits have 
you noticed from 
using manipulatives 
and how does it 
impact their 
learning? 

“The materials can be phased out and that is what we 

hope happens. Moving to abstraction is a process and 

we all do it differently. If we have the child make 

connections and talk through their process, we know 

they’ve got it. The material gels the concept and it 

helps us move into the big picture.” – Interviewee 

N2. 

 

“The manipulatives provide more opportunities for 

all types of learners to find a way to be successful. It 

helps them confirm what they think they know. It 

gives them something that they can trust. This helps 

them trust themselves when they start to move to 

abstraction. The manipulatives help make that leap.” 

– Interviewee N3.   

 

“Math can’t be taught without manipulatives because 

it is so concrete” -Interviewee N4.  

 

“It allows them to process what they’re thinking and 

it is more visual. This allows them to verbalize what 

they’re doing on paper” – Interviewee N5. 

equations that are provided to the child on a 
worksheet versus the Montessori teachers spoke 
about how the manipulatives support the child in 
learning a new concept. The manipulative works as 
a control.  
 

 

 

 

 

 

 

Do the materials 
support students 
that are (English 
Language) EL 
learners? 

All Montessori and traditional interviewees shared 

that the manipulatives do support EL learners.  

 

“They were able to feel very successful in the 

classroom because of the manipulatives. It was very 

clear what we were talking about, if there hadn’t been 

any [manipulatives] we would’ve had to get rocks 

and sticks to make it make sense.” – Interviewee N3. 

 

“If you have a scholar that is not able to use the 

words, but can present it in a manipulative form, you 

A take away I noticed was that all teachers shared 
that the manipulatives support students that are EL 
learners, but there was not a lot of depth in the 
responses. 
 

I wonder how the manipulatives help students that 
are EL learners build up their vocabulary and 
unknown terminology?   
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can visually see if your scholar is understanding 

without them having to verbalize it.” – Interviewee 

N5. 

 

Examples shared: showing a number with base ten 

blocks or showing the time with a clock. 

  
 

 

 

 

Are there any 
manipulatives that 
aren’t beneficial or 
effective in the 
elementary 
classroom when 
teaching 
mathematics? 

“There is a real transition. We need to be careful that 

we don’t let them go too far past their Sensitive 

Period with the material” – Interviewee N2. 

 

Interviewee N3 shared that materials that aren’t 

consistent and don’t isolate what they’re trying to 

teach fails on the scale of what’s a good 

manipulative.   

 

Interviewee N5 shared that any one manipulative may 

not be not beneficial. It depends on its purpose and 

how it’s used. It is important to be intentional with 

the manipulative to avoid students playing with them. 

 

Interviewee N4 shared that all manipulatives are 

beneficial but students will fight over the gems based 

on the color of the gem and students will use the 

eraser counters to show a number on the ten frames 

but also be making a pattern. 

 

I noticed that the Montessori manipulatives are 
presented to the child based on their Sensitive 
Period, but it is the teacher’s job to be observant 
and recognize when that material is no longer 
needed. Whereas, the traditional teachers shared 
that the manipulatives are beneficial but are more 
challenging because they are not consistent in 
color, size, and shape. This may cause confusion 
when introducing a new concept and cause the 
students to play with the manipulatives. 
 

 

 

 

 

 

 

 

 

Interviewee N1: Plastic coins, money, command 

cards, fraction circles that are stackable, in and out 

tables, rulers, thermometers, hands on equations for 

algebra, graphing material. 

 

One take-away I noticed was that the Montessori 
materials are missing some of the traditional 
materials and Montessorians need to be adaptable 
and willing to supplement materials that may not be 
a Montessori material to teach certain concepts or 
standards especially in the public schools. 
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Are there any 
manipulatives 
missing in your 
classroom 
environment to 
teach certain 
concepts/skills? 

Interviewee N2 shared that the Montessori materials 

teach what they’re intended to teach. However, 

Montessori training needs to show teachers how to 

supplement traditional materials to teach certain skills 

that may be missing in Montessori such as 

measurement. Montessorians need to work on filling 

the gaps.  

 

Interviewee N3: The chains are not enough to 

consider it a number line and number path. There 

needs to be more geometry work to allow children 

opportunities to build the shapes. We need to add 

more gross motor and graphing material to 

mathematics. There needs to be more opportunities to 

subitize instead of counting by ones. 

 

Interviewee N4 shared wanting bead bars from a past 

exposure while student teaching a Montessori 

classroom. 

 

Interviewee N5 shared wanting a Rekenrek. 

However, if supplementing a traditional material, 
the guide should ask what is its purpose and what 
concept does it support the child with in learning.  
 

I wonder how Montessorians can work together to 
accept that there are gaps in the math curriculum 
and how can we work together to fill those gaps? 

 

 

  

 

 

What are some 
common math 
terms that you use 
when teaching 
different skills? For 
example, regroup, 
exchange, borrow 
etc… 

 

 The Montessori interviewees shared using terms 

such as numerator, exchange, regroup, dynamic, 

static, join, share, together, divide, sort, sets, and 

place value terms such as units, tens, and hundreds. 

 

The traditional interviewees shared using terms such 

as tens, ones, minus, addition, subtraction, teens and 

sorting items based on their attributes such as size, 

shape, and color. Interviewee five also shared 

focusing on not using borrowing but regrouping 

instead and being explicit about the language to help 

I noticed that the Montessori terms included 
dynamic and static, which are not terms that the 
traditional classrooms use.  
 
I also noticed that in the traditional setting, 
teachers are getting away from using the term 
borrowing and exchanging when teaching place 
value and these are terms that Montessorians still 
use today. 
 
The last take-away I noticed was the need for 
language to be more present in the Montessori 
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When are students 
given time to use or 
practice these new 
terms? 

students understand the purpose when teaching place 

value. 

 

The Montessorians shared that the students practice 

during small groups, independently, through 

storytelling, and during formal assessment. One 

shared that students aren’t given enough time to 

practice the terminology and we need to provide a list 

of all of the math literacy terms for the child to use 

during their process of learning and explanation. 

 

The traditional teachers shared that the students 

practice during turn and talks, small groups, and 

independent practice.  

 

classroom. The manipulatives help the child go 
from concrete to abstract, but without language 
and explanation of the process the guide can’t 
recognize if the child truly understands a concept. 
Explicit language instruction can help bridge that 
transition. 

 

 

 

 

 

How do you connect 
math to the real 
world in the 
classroom setting? 

The Montessori teachers shared connecting math to 

the real world through real world examples that are 

connected to their life, cooking, gardening, 

measuring, and incorporating it during other parts of 

the day like snack time and gathering time. 

 

The traditional teachers shared connecting math to 

the real world by relating it to their lives and 

experiences, finding shape patterns within their 

community, and incorporating food and money with a 

cashier. 

One key take-away I noticed was that both 
Montessori and traditional teachers try to 
incorporate students’ personal backgrounds when 
making connections to math. Both also practice 
math through every day activities, such as cooking 
and shopping. One thing I think we need to work on 
is incorporating math in the real world throughout 
other lessons and teaching students that everything 
is interconnected. 
  

 

 

 

 

 

 

Montessori Responses: 

Adding word problems with missing data sets. 

Make more connections to the real world so that 

students feel it is a viable effort. 

 

Having someone that is enthusiastic about 

mathematics. 

A key take-away I recognized is that the Montessori 
classroom uses Grace and Courtesy lessons to help 
support small group presentations where students 
can learn based on their developmental level and 
interests versus the traditional teachers both 
mentioned wanting to change the layout of how 
lessons are given. The traditional interviewees 
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What changes do 
you think are 
needed to enhance 
student learning in 
mathematics? 

 

Adding more formal assessment and paying attention 

to repeated exposure over time. Mathematical 

thinking doesn’t have to start in the math area and 

students should be exposed earlier. 

 

Traditional Responses:  

Remove whole group lesson where the content only 

meets the middle students and switch to teaching only 

small groups during math.  

 

 

expressed a need to get rid of whole group lessons 
because this doesn’t benefit each child.  
 
Another take away I learned was that that 
Montessorians acknowledged that there needs to be 
changes made in the materials, the way lessons are 
presented and in how we gather data because it is 
the guide’s responsibility to observe and recognize 
when a child is successful and ready to move onto 
the next step towards abstraction. There will 
always be changes that can enhance student 
learning and teachers’ practices. 

 

 

 

 

Are there any 
misconceptions or 
assumptions about 
teaching 
mathematics? 

“We don’t ask kids to visualize, draw, or talk about 

math… too quickly we’re like here’s the material.” – 

Interviewee N1. 

We’re missing the boat when it comes to this 

connective language. We’re seeing kids not doing 

well in testing because they don’t understand the 

language. The language piece is missing.” – 

Interviewee N2. 

 

“Young children aren’t ready for math and children 

aren’t ready to think abstractly until older.” – 

Interviewee N3.  

 

 “When the child can count one to one through 10 and 

assign the correct symbol and quantity that they have 

a true understanding of ten. If we used graphing, the 

number path, the number line, conversations, story 

problems… we would find that the children aren’t 

ready to move on as quickly as we think.” – 

Interviewee N3. 

 

From the interviews, I noticed that there are many 
misconceptions or assumptions in the world of 
math, but how do we come together to discuss these 
misconceptions to better ourselves in our teaching 
practice?  
I noticed a need for more intentional observation 
and assessment to truly discover the child’s 
mathematical thinking.  
 
We need to continue reflecting and attending 
professional development in order to best serve our 
students as the world of mathematics continues to 
change and evolve over time. 
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“Upper elementary grades there is a push to teach to 

the test, so they teach the short cuts and they don’t 

have a complete understanding of the concept.” – 

Interviewee N4. 

 

“All the teachers know all of the ways of doing math, 

but no not all teachers know the different ways of 

teaching math or feel comfortable teaching math” – 

Interviewee N5.  



Running head: ELEMENTARY MATH MANIPULATIVES  

Implications and Next Steps  

There are many benefits of using math manipulatives in the Montessori setting, such as, 

developing the mathematical mind, the significant impact of going from concrete thinking to 

abstract thinking, and the design that specifically meets the child’s stage of development. 

However, based on the research and the responses from the interviewees, there are also gaps and 

areas of need that require attention in the Montessori world of mathematical education. These 

areas of need are represented in the table below. 

Table 3 

Interview Summary Table  

Benefits of using math 

manipulatives in the 

Montessori setting: 

Areas of need and potential change 

• Supports the development 

of the mathematical mind. 

• Provides opportunities for 

students to go from a 

concrete understanding to 

abstract thinking. 

• The manipulatives are 

designed to reach each 

child based on their 

developmental needs. 

• We need to make more meaningful connections between 

the language and the manipulatives to check for 

understanding of concepts before introducing the next 

skill or standard. 

• We need to be intentional when using observation and 

there needs to be more formal assessments.  

• We need to provide more opportunities for teachers to 

be intentional about understanding the concepts and 

knowing how to present the materials sequentially.  

• We focus too much on arithmetic in mathematics. 

• We need to supplement traditional materials where there 

are manipulatives missing in the Montessori classroom. 

 

From what we know about the Common Core State Standards and from the responses 

from the interview, there appears that to be a pressing need to incorporate more language in our 

math presentations with the manipulatives and follow up work within the Montessori setting. 

According to the interviewee two, she believes we need to make some changes to the Montessori 
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presentations and she argues that we don’t make enough connections to the real world, we don’t 

use higher order thinking, and we need to have students talk to us about their process to explain 

their thinking. In order for students to explain the process, we need to enhance the language 

component of learning math and give students opportunities to practice new math terms. 

Interviewee two continues to explain that we should be encouraging students to communicate 

with the terms during presentations, adding new math terms as the guide is teaching and asking 

students to explain how they would use the new term when explaining their process of solving 

math problems. This adaptation of involving more language practice during math presentations 

would greatly improve mathematical education in Montessori settings.  

 Children do not innately learn the language of mathematics, but instead it is a language 

that is learned at school. The teacher’s mathematical knowledge with math language is 

significantly correlated to student’s achievement gains. Shockey and Pindiprolu (2015) suggests 

that “…success in mathematics is dependent upon good conceptual understanding of concepts 

for which language and concrete experiences are quintessential… it is essential that teachers 

facilitate the acquisition and use of academic language skills to deepen students’ conceptual 

knowledge of discipline” (p. 29). All educators need to focus on explicitly teaching and 

modeling the language that connects to mathematical concepts for students to develop their 

mathematical mind. Based on my research and the results from the interviews, I suggest that in 

the Montessori setting, there needs to be more emphasis in mathematical language in 

relationship to the Montessori manipulatives when giving a presentation and teaching a new 

concept. Students need more direct modeling and opportunities to practice using the new 

mathematical terms to show their thinking of processing when solving math problems in the 

Montessori classroom. 
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Language is important to us as Montessorians, but the irony is that although we are 

intentional about how we speak and talk when presenting lessons, we tend to be strictly tied to 

the language given during the presentation rather than focusing on and observing student’s 

practice with the new terminology. I also suggest that we may be tied to the way we originally 

got the presentation in our teacher education program. We, as Montessorians, need to be aware 

of the evolving mathematical terms and practices in the classroom setting to best support our 

students. What if our training was given before the Common Core standards were developed 

which is reflected in all American standardized testing? 

We are deliberate when explaining the concrete material during presentations yet we are 

not intentional about using other mathematical terms that the students need to know, for 

example, when I give a bead frame lesson, I don’t use the word “ex-change” with the gesture of 

moving between hierarchies but instead I use the word “re-group”. We, as Montessorians, need 

to be adaptable, reflective, and willing to change our language based on the growing needs, 

developments, and research in the mathematical world. In addition to the improved language 

during presentations, the interview data showed that we too quickly release students to practice 

their follow up work without directly modeling how to use the math terms when practicing 

independently. Students independently working in the Montessori classroom can show the 

process of how to solve problems with the manipulatives, but how do we as educators understand 

if the child fully conceptualizes a skill without the child using mathematical language and 

terminology to explain their thinking? We need to be more cognizant and observant of student’s 

practicing their thinking with the math language out loud during both presentations and during 

work time.   
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Through the interviews and research, it is apparent that in the Montessori setting we also 

need to place more focus on using formal assessments and using more meaningful observations. 

As Montessorians, we are trained in using observation to help us follow the child in meeting 

their needs, but are we using observation intentionally in fully supporting the child? Interviewee 

three argues that instead of asking “what did the child do,” we should ask, "what is the child 

going to do next?” Our recording then, is not what was done then but instead we ask the child to 

show us in that moment that the child is ready for the next step towards abstraction and we need 

to have more conversations with our students when they explain their thinking. She continues to 

explain that observing a child who is simply practicing the motions with the materials is not 

enough data to inform our decision of whether or not the child has learned a new concept. For 

example, placing the red and blue rods and arranging them correctly on the work rug and 

assigning the correct numerals does not inform us that the child fully conceptualizes that 

concept.  

Along with adding assessments, we need to be having more conversations with students 

after they practice. Previously mentioned during the literature review, Buchholz and Cooke 

provide examples of how to enhance student language and one of these strategies is done through 

asking the students a variety of questions. Asking questions encourages conversations, builds up 

math vocabulary, and stimulates that students thinking and learning, “She encouraged the 

children to verbalize what they discovered while manipulating and exploring the various 

materials in the classroom during center time” (2005, p. 367). Talking about the process allows 

the child to conceptualize and develop an understanding of a new concept while also offering 

data to the teacher in regards to what they may need more time practicing or to what they have 

successfully shown mastery in. The evidence shows that we should know what outcome is 
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expected for a child to be successful before the child practices with a new manipulative and by 

adding formative assessments and conversations after a child practices then Montessorians can 

become more aware of the child and their mathematical thinking.  

Based on my findings from the interviews with the traditional classroom teachers, they 

both mentioned the use of formative assessment throughout the day to help guide their 

instruction and form small groups based on the student’s ability levels. Brendefur, Johnson, 

Severson, Strother, and Thiede defends the value of conducting assessment in the classroom “A 

screening assessment followed by a more comprehensive, targeted diagnostic assessment is an 

efficient and effective way of informing intervention needs” (2017, p. 154). Putting an emphasis 

on assessment supports the teacher when planning lessons and it is a tool that also identifies 

students who may need extra support. They (2017) continue to explains that “…the evaluation of 

a student’s learning needs, coupled with intervention and progress monitoring aligned to those 

needs, has been shown to improve student achievement” (p. 154). Although, we as 

Montessorians, follow the child, understand the importance of the four planes of development 

and provide a prepared environment, the evidence shows that adding formative assessment can 

enhance our practice when observing the student’s because it will offer formal data about the 

student’s mathematical mind that can be used when planning presentations and it will help us 

recognize the language that the students are using successfully or need more practice with while 

using the manipulatives. 

In the Montessori setting, the math curriculum follows a sequence based on the child’s 

Sensitive Periods and the manipulatives are introduced and presented based on each child’s 

developmental needs. The Montessori manipulatives have a clear intentional use, but based on 

my findings from the interviews it is clear that there are manipulatives missing in the math 
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curriculum and there are gaps that need to be filled for our students to go from concrete thinking 

to abstract thinking. I believe that if Maria Montessori were alive today, she would recognize 

that the world of education is always evolving and that through observation and research, we 

should be adapting and supplementing those missing items with traditional manipulatives to fill 

those gaps. Based on the interviews with all three Montessorians, there are missing items and 

gaps in the Montessori math world and we need to be open to making changes in our 

presentations. 

Table 4 

Missing Math Manipulatives and Concepts in the Montessori Classroom. 

 

Interviewee  

N1 

• Plastic coins 

• Money 

• Command cards  

• Fraction circles that are stackable 

• In and out tables 

• Rulers  

• Thermometers 

• Hands on equations for algebra 

• Graphing material. 

Interviewee  

N2 

• Montessori training needs to show teachers how to supplement traditional 

materials to teach certain skills that may be missing in Montessori such as 

measurement.  

Interviewee  

N3 

• The chains are not enough to consider it a number line and number path.  

• There needs to be more geometry work to allow children opportunities to 

build the shapes.  

• We need to add more gross motor and graphing material to mathematics. 

• There needs to be more opportunities to subitize instead of counting by 

ones. 

 

The interview data shows us that the Montessori manipulatives tend to encourage 

students to count by ones instead of encouraging students to quickly observe groupings of 

objects without counting. Interviewee three agrees with this argument and explains that 

Montessorians keep asking the child to count instead of subitizing. She explains that in order to 
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improve and incorporate more subitizing in the Montessori classroom we need to add five and 

ten frames which are traditional math materials. Interviewee three provides an example of how to 

use the frames with the Stamp Game material. When sorting the tiles, we can introduce this 

material with setting up the tiles in ten frames to help the child see the groupings without 

counting the individual tiles. For example, to see the number 17, the child can notice three rows 

of five and two more to identify the final number. The typical way we present the Stamp Game 

currently is in one long line, which forces the child to go back to one-to-one counting. 

Interviewee three advocates for the incorporation of ten frames when sorting the tiles. This will 

help guide the child towards abstraction quicker than sorting them all together in one line.  

In addition to adding subitizing work into the Montessori math presentations, interviewee 

three continues to explain other missing materials that she discovered through reflective practice. 

After giving a survey to her students who had gone into a local public school to gather more data 

on their readiness with certain skills, she found that traditional schools do a lot of more work 

with number lines and she added this material to her classroom. Interviewee three explains that 

by adding the number line work, the students were better understanding the practice of counting 

forward and counting backwards. The Montessori manipulatives are purposeful with the concept 

it is supporting, they are designed based on the child’s needs, and the manipulatives are 

consistent and repetitive throughout the grade levels. However, we, as Montessorians, need to be 

reflective in our practices and flexible and willing to incorporate manipulatives where they are 

missing in the Montessori math curriculum to best support each child during their journey in 

mathematics.  

In the Montessori classroom, we focus a lot of our attention on arithmetic with the use of 

the Stamp Game, the Checkerboard, and other manipulatives, but I suggest that the child should 
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be exposed to other branches in mathematics more often such as geometry and algebra. There is 

a need for more practice with building the shapes in geometry so the child uses their senses to 

experience the different attributes that make up the two-dimensional and three-dimensional 

shapes. According to interviewees one and three, there is also a need for more graphing work in 

the Montessori classroom. Graphing work will allow students to practice their language when 

gathering data, subitize when entering the data, and work towards understanding the differences 

between the types of graphs. Incorporating more algebra and hands on equations will help the 

students better understand how numbers function and work together in a problem. Algebra 

moves the students beyond basic math and requires them to practice thinking critically by 

making real world connections when solving problems. The evidence from the interview data 

shows us that by adding more algebra work, the students are given more opportunities to explain 

their thinking and develop the language in mathematics.  

After researching and conducting interviews about manipulatives within the elementary 

classroom, there were several insights learned in how manipulatives can have a positive impact 

on students when learning mathematics in the Montessori and traditional settings. I believe that 

the Montessori math manipulatives are further developed than the traditional manipulatives when 

discussing how the attributes of size, shape, color, repetition across grade levels, and purpose of 

the manipulative support students going from concrete to abstract thinking. However, I have 

learned that we can improve our practice by incorporating more language instruction, 

implementing more formal assessments and intentional observations, and supplementing 

materials where there are gaps in the Montessori math curriculum.  

Looking back as an elementary student, I was never a confident student in mathematics 

and I grew up having a fixed mindset when solving problems while moving up grade levels. It 
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wasn’t until I was an adult when I was first introduced to the Montessori math manipulatives that 

my mathematical mindset started to shift and solving math problems started to make sense. Due 

to my personal experience, I knew that I needed to grow and learn in order to help today’s 

students in feeling confident as they develop their mathematical mind. This research study 

allowed me to dive deep into how to use best practices when using manipulatives in the 

elementary classroom.  

The results and experience of interviewing other educators about mathematics has 

changed my perspective of the math world. We need to be having more conversations between 

math educators, become more aware of the child’s stages of development and how this impacts 

their learning, and make more connections to the real world while bringing in language. From 

this study, I plan to incorporate more math language practice by encouraging students to use new 

terminology during presentations and during independent work time, I plan to be reflective and 

more observant when collecting data through the use of formal assessment and conversations, 

and I plan to be an advocate for positive change in the Montessori world of mathematics when I 

notice gaps in the materials and presentations by collaborating with other teachers in my building 

and in my district. I have reflected on my own practices throughout this research journey and I 

feel that this paper and my training has encouraged me to continue growing and learning in the 

world of mathematics. 
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Appendix A  

Elementary Montessori Math Manipulatives  

 
 
 
 
 

Material: Hundred Board 

Purpose: To teach students how to count 

to 100 and how to sequence numbers. 

 

 

 

 

 

 

 

 

 
 
 

Material: Golden Beads 

Purpose: To teach children place value 

and the process of addition, subtraction, 

multiplication, and division in a concrete 

way. 

 

 

 

 

 

 

 
 
 
 

Material: Bead Cabinet 

Purpose: To teach children to count to 

1000 and to skip count using numbered 

arrows to mark the end of each multiple of 

1-10. 
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Material: Number Cards 

Purpose: To teach children construction of 

number symbols used with the Golden 

Bead materials and how to record 

calculations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

Material: Dot Board 

Purpose: To teach children the decimal 

system with addition and many addends. 

 

 
 
 
 

Material: Stamp Game 

Purpose: To teach children symbolic 

quantities and the four operations with a 

material that is one step closer to 

abstraction from the Golden Beads. 
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Material: Small Bead Frame 

Purpose: To teach children addition, 

subtraction, and multiplication. 

 

 

 

 

 

 

 
 
 
 
 
 
 

Material: Large Bead Frame 

Purpose: To teach children compound 

multiplication with multi-digit multiplies 

and answers in the millions 

 

 

 

 

 

 

 

 

 

 

 

 

Material: Checkerboard 

Purpose: To teach children compound 

multiplication, with four-digit multipliers 

and nine-digit multiplicands, leading 

towards full abstraction. 
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Material: Racks and Tubes 

Purpose: To teach children long division 

problems with divisors up to four digits 

and dividends into the millions 

 

 

 

 

 

 
 
 
 
 
 
 

Material: Fraction Circles and Fraction 

Insets 

Purpose: To teach children how to add, 

subtract, multiply, and divide proper and 

improper fractions. 

 

 

 

 

 

 

 

 
 

Material: Peg Board 

Purpose: To create squares of binomial 

and trinomial numbers. To work with 

square roots of numbers into 100,000s. 
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Material: Addition Strip Board 

Purpose: To teach children addition 

combinations and facts of the addition 

tables. 

 

 
 
 
 
 
 
 
 
 

Material: Addition Working Charts 

Purpose: To teach children addition 

combinations and facts of the addition 

tables. 
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Material: Snake Game 

Purpose: To teach children addition and 

subtraction combinations by changing the 

colored snake 

 

 

 

 

 

 

 
 
 
 

Material: Subtraction Strip Board 

Purpose: To teach children subtraction 

combinations and facts of the subtraction 

tables. 

 

 

 

 

 

 
 
 
 
 
 
 
 

Material: Subtraction Working Charts 

Purpose: To teach children subtraction 

combinations and facts of the subtraction 

tables. 
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Material: Multiplication Board 

Purpose: To teach children multiplication 

combinations and facts of the 

multiplication tables. 

 

 

 
 

Material: Multiplication Working Charts 

Purpose: To teach children multiplication 

combinations and facts of the 

multiplication tables. 

 

 
 
 
 
 

Material: Decanomial Bead Bars 

Purpose: To teach children multiplication 

combinations and recognizing the pattern 

formed by the combinations. 
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Material: Division Board 

Purpose: To teach children division 

combinations or facts of the division tables. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

Material: Division Working Charts 

Purpose: To teach children division 

combinations or facts of the division tables. 
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Appendix B 

Interview Information 

Below is the summary of each interviewee’s background.  

Interviewee N1 

Male 

Montessori trained 

AMS credential 

-Montessori Guide in St. Paul, MN 

-Taught for 15 years. The first 9 years were in a traditional classroom 

and the last 6 years have been in a Montessori classroom. The current 

demographics of the school is 48% white, 23.6% African American, 

and 13.5% of two or more races.  

-Currently teaching as a Montessori guide in the E1 classroom.  

Interviewee N2 

Female  

Montessori trained 

AMS credential 

-Interviewee 2 has been in the field of education for 43 years.  

-The first ten years of teaching were in traditional education as a 

special educator working with elementary and junior high aged 

students.  

-Taught special education in a self-contained classroom. 

-Started the first Gift and Talented programs in Oklahoma  

-Interviewee 2 has been a Montessori guide for the last 32 years 

before retiring in 2020.  

-Taught in early childhood, lower elementary, upper elementary, and 

middle school.  

-Currently a Montessori teacher educator in mathematics, special 

education/inclusion, and history and geography.  

Interviewee N3 

Female 

Montessori trained  

AMS credential  

-Interviewee 3 has been in education for 22 years before retiring in 

2019. 

-Assistant for 2 years in an elementary classroom. 

-Assistant for 2 years in a Children’s House classroom. 

-Lead teacher for 18 years in a Children’s House classroom.  

-Taught as a Children’s House lead teacher in southwestern, WI. The 

current demographics of the school includes 69% white students, 

22% Asian, and 3% Hispanic. The school brought in a lot of upper 

middle-class families due to the school being a private school and the 

location. 

-Currently adjunct faculty for the University of Wisconsin River 

Falls Graduate Montessori program and teaches early childhood 

mathematics.  

Interviewee N4 

Female 

Traditional education 

MN K-6 teaching 

license 

-Interviewee 4 has been in education for 5 years. They have taught in 

St. Paul, MN, Minneapolis, MN, and San Pedro Sula, Honduras. 

-Currently teaches in St. Paul, MN 

-The current demographics of the school includes 63% Asian 

America, 24% African American, 10% Hispanic 

-64% of the students are EL learners.  

-96% of the students receive free and reduced lunch.  

Interviewee N5 -Interviewee 5 has been teaching for six years in the East Side of St. 

Paul, MN.  
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Female 

Traditional education 

MN K-6 teaching 

license 

-They have taught in a dual immersion program as a first-grade 

teacher for 1 year and taught 2nd grade for 5 years. 

-The current demographics of the school includes 93% Hispanic 

students and 4% white students.  
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Appendix C 

Interviewee N1 

1. When thinking 

about your 

classroom, what math 

manipulatives do you 

use the most? 

• Bead Box, Stamp Game, Mini Judy clocks, and the geometry 

cabinet.  

2. If I say math 

manipulatives and 

student learning, 

what do you think of 

from the student’s 

perspective in their 

learning and in 

relation to you in 

your teaching?  

• Montessori manipulatives are a great way to teach a concept and 

they help with the concrete formation of ideas.  

• We teach with the manipulatives and what happens with kids is 

that they learn with the concrete materials, get the concepts and 

then start to apply it without the manipulatives. This is the goal of 

the manipulatives with students.  

3. As a Montessori 

classroom teacher, do 

you feel that the 

materials are used 

effectively? From 

your training, do you 

feel like you have a 

thorough 

understanding of the 

interconnectedness of 

the Montessori math 

materials?  

• If the guide is following the idea that you are introducing the 

material, then practicing, and as kids learn the abstract then the 

materials are being used effectively.  

• Example: 3D Shapes, if a student knows a 3D shape and they 

apply that to real life examples that tells the teacher that they are at 

an abstract level for understanding.  

• The Montessori classroom offers the concrete but also the 

experience.  

• In some E2 classroom the manipulatives aren’t used as often 

because it becomes more abstract.  

• With using the materials effectively, it’s important to follow the 

child. 

• Yes, in training, the participant went through the whole album. We 

were able to see the sequence and recognize what materials are 

interconnected.  

4. What do you think 

best practices looks 

like when teaching 

mathematics in your 

current elementary 

classroom? 

• Three things:  

1. There will be kids that need more support so they will need 

more materials that allows them to work independently.  

2. Kids that are well above grade level and don’t need the 

materials and they’re ready to take on different challenges so 

making sure the work is interesting to them. 

3. You have a middle group that you’re constantly trying to bring 

around.  

• Recognizing that there all of these different levels, but know that 

all of these kids can move levels based on what you’re teaching, 

when you’re teaching, and why you’re teaching.  

5. What does the 

average math lesson 

• Two math lessons each week; one to each level.  
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look like in your 

classroom? (length, 

time, 

structure/frequency, 

groupings or whole 

class, concept and 

practice, 

environment). 

 

• Independent work is at grade level based on state standards. Daily 

morning math with choices.  

• Lessons: introducing new topics, keeps it interesting in order to 

pull the kids further than where they are at. 

• Lessons are 15-20 minutes.  

• Allow other grade levels to join the lessons based on interest and 

ability.  

• Students that don’t come will be given a one-on-one later in the 

day. Students are not forced to come to lesson.  

• Follow up work after a lesson is provided with choices. Students 

have a week to finish.  

• Other students outside of lessons are completing math, reading, 

and writing works.  

6. What 

manipulatives do you 

use in your classroom 

to support teaching 

math skills? 

• Playing cards from the district with numbers 1-20. Games such as 

name that number, addition battle.  

• There is a confidence piece to having skills so games are 

motivational. 

7. What benefits have 

you noticed from 

using manipulatives? 

 

• Teaching of math is done with the manipulatives but the skills of 

number sense are done through the softer materials.  

• The Montessori manipulative benefits are the control of error. The 

materials are a beautiful tool because it should be doing the work 

for you and teaching the kids.  

• The Montessori manipulatives build that concrete understanding.  

8. When thinking 

about the students in 

your class, how does 

the use of math 

manipulatives  

impact their learning? 

• The impact is positive and using the materials is to help them get 

off of the materials.  

9. Do the materials 

support students that 

are EL learners?  

 

 

• Sometimes, because the language can still be a barrier. If the 

presentation is done well and if students can practice then yes.  

• EL learners don’t know all of the terminology and that is 

important.  

10. Are there any 

manipulatives that 

aren’t beneficial or 

effective in the 

elementary classroom 

when teaching 

mathematics? 

• The memorization boards and bead frames.  

11. Are there any 

manipulatives 

missing in your 

classroom 

• Plastic coins, money, command cards, fraction circles that are 

stackable, in and out tables, rulers, thermometers, hands on 

equation for algebra, graphing material.  
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environment to teach 

certain 

concepts/skills? 

 

12. What are some 

common math terms 

that you use when 

teaching different 

skills? For example, 

regroup, exchange, 

borrow etc.…  

o When are 

students given 

time to use or 

practice these 

new terms?  

• Place value terms are used the most. 

• Students use the terms in small groups, during daily math 

independently, and through conversation. 

13. How do you 

connect math to the 

real world in the 

classroom setting? 

• Geometry can be connected to google earth. 

• Give kids real world examples connected to their life or examples 

of high interest. 

14. What changes do 

you think are needed 

to enhance student 

learning in 

mathematics?  

• The command cards could add word problems with missing data 

sets. 

15. Are there any 

misconceptions or 

assumptions about 

teaching 

mathematics? Do you 

think that the 

materials are being 

used efficiently? 

• We don’t ask kids to visualize and draw about mathematics.  

• Math can be exciting and it can be dull. 

• Math is fun, but how you teach it and how you are asking kids 

what to do is important.  

• We’re too quickly saying here’s the material and here’s your 

follow up work.  
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Appendix D 

Interviewee N2 

1. When thinking 

about your classroom, 

what math 

manipulatives do you 

use the most? 

• Stamp Game 

• Followed the presentation order of the curriculum. 

• All of the Montessori math materials are amazing. 

2. If I say math 

manipulatives and 

student learning, what 

do you think of from 

the student’s 

perspective in their 

learning and in 

relation to you in your 

teaching?  

•  Triangle effect: the teacher, the student, and the material. 

• The material is a part of the environment.  

3. As a Montessori 

classroom teacher, do 

you feel that the 

materials are used 

effectively? From 

your training, do you 

feel like you have a 

thorough 

understanding of the 

interconnectedness of 

the Montessori math 

materials?  

• Montessori materials serve as a bridge for the child and their 

future learning. 

• The materials need to be used with the correct intent and in a 

sequence.  

• Yes, if the teacher is trained and they have the correct 

philosophical approach to the Montessori materials.  

• The materials caused a shift in processing the mathematical 

concepts from training and practice time.  

4. What do you think 

best practices looks 

like when teaching 

mathematics in your 

current elementary 

classroom? 

• Changes are needed with some of the Montessori presentations. 

• We need to make more connections to the real world and more 

higher order thinking. 

• We need to be more cognizant of covering standards and work on 

student language to better reflect their understanding of a concept 

or skill.  

5. What does the 

average math lesson 

look like in your 

classroom? (length, 

time, 

structure/frequency, 

groupings or whole 

class, concept and 

• Grace and courtesy lessons are the foundation to get students 

immersed in mathematics. 

• Introduce a lesson by making connections to previous works. 
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practice, 

environment). 

6. What manipulatives 

do you use in your 

classroom to support 

teaching math skills? 

• Question was not asked.  

7. What benefits have 

you noticed from 

using manipulatives? 

 

• The manipulatives fill the holes. 

• We touch, we remember 

• Manipulatives lay a beautiful foundation and bridge the gap. 

They are the link between that abstract concept.  

8. When thinking 

about the students in 

your class, how does 

the use of math 

manipulatives  

impact their learning? 

• The materials can be phased out.  

• Moving to abstraction is a process and we all do it differently.  

• If the child can make connections and talk through their process 

then they’re moving to abstraction.  

9. Do the materials 

support students that 

are EL learners?  

• Yes, definitely.  

• When we can’t communicate, the materials communicate for us.  

10. Are there any 

manipulatives that 

aren’t beneficial or 

effective in the 

elementary classroom 

when teaching 

mathematics? 

• Sometimes teachers will keep the Children’s House materials out 

too long in elementary. 

• The teacher needs to be observant of when the child is ready to 

move on from a material.  

11. Are there any 

manipulatives missing 

in your classroom 

environment to teach 

certain 

concepts/skills? 

• Training needs to show us how to supplement. 

• Measurement material 

12. What are some 

common math terms 

that you use when 

teaching different 

skills? For example, 

regroup, exchange, 

borrow etc…  

o When are 

students given 

time to use or 

practice these 

new terms?  

• Literacy of fractions, numerator, exchange, regroup, dynamic, 

static. 

• Each culture has a unique language. 

• Students don’t get enough time to practice the terms. 

• Provide a list of all of the math literacy terms and have the child 

use it during their process of learning and explanation.  

13. How do you 

connect math to the 

• Cooking in the classroom, gardening, measuring, making lists.  

• Asking the child what jobs require us to use mathematics.  
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real world in the 

classroom setting? 

14. What changes do 

you think are needed 

to enhance student 

learning in 

mathematics?  

• Connections to the real world so they feel its purposeful.  

• The leader needs to be enthusiastic and interested in presenting 

the lesson. 

15. Are there any 

misconceptions or 

assumptions about 

teaching mathematics? 

Do you think that the 

materials are being 

used efficiently? 

• The materials are the answer.  

• We are missing the boat when connecting the language to the 

materials.   
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Appendix E 

 

Interviewee N3 

1. When thinking 

about your classroom, 

what math 

manipulatives do you 

use the most? 

• Golden bead material and the chains. This helped develop a 

deeper understanding for ten. 

• Stamp Game, Working Charts, The Bank,  

2. If I say math 

manipulatives and 

student learning, what 

do you think of from 

the student’s 

perspective in their 

learning and in 

relation to you in your 

teaching?  

• 3-6 age range look at the manipulatives as activities  

• Children using the practical life materials to learn math skills.  

• Teachers need more exposure and experiences with infusing 

mathematics into other subjects. 

• Assessment through observation is needed to see if the child is 

processing and fully understanding the concept.  

3. As a Montessori 

classroom teacher, do 

you feel that the 

materials are used 

effectively? From 

your training, do you 

feel like you have a 

thorough 

understanding of the 

interconnectedness of 

the Montessori math 

materials?  

• There is always an opportunity to use the materials more 

effectively. 

• Offer a workshop where a group of teachers get together to 

discuss how we can give the child repeated experiences 

throughout the classroom.  

• No because the focus was on how to use the materials instead of 

on the interconnectedness of the materials.  

4. What do you think 

best practices looks 

like when teaching 

mathematics in your 

current elementary 

classroom? 

• Best practices are understanding what the learning outcome is and 

then having a thorough understanding of all Montessori materials. 

Once these two pieces are established it comes to being a self-

reflective guide and collecting data.  

5. What does the 

average math lesson 

look like in your 

classroom? (length, 

time, 

structure/frequency, 

groupings or whole 

class, concept and 

practice, 

environment). 

• Introduce the purpose of the lesson, define the material, present 

the lesson, at the end give the child a task. The child has to show 

the guide when they finish.  

• Record keeping: what are they going to do next instead of what 

did they do.   
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6. What manipulatives 

do you use in your 

classroom to support 

teaching math skills? 

• Question not asked. 

7. What benefits have 

you noticed from 

using manipulatives? 

• A child who is more of an abstract learner, they can still learn 

with manipulatives. 

• A classroom with more manipulatives is more successful of 

meeting the needs of all types of learners.  

• The manipulatives provide more opportunities for all learners.  

8. When thinking 

about the students in 

your class, how does 

the use of math 

manipulatives  

impact their learning? 

•  It helps them confirm what they think they know. Manipulatives 

are something that the child can trust. This helps them begin to 

trust themselves.  

• As the child develops, they learn that there is a correct answer.  

9. Do the materials 

support students that 

are EL learners?  

•  Defiantly. The materials allowed the EL learners to feel 

successful and it makes it clear of what is being taught. 

10. Are there any 

manipulatives that 

aren’t beneficial or 

effective in the 

elementary classroom 

when teaching 

mathematics? 

• The Montessori materials are all beneficial. 

• In traditional, I have seen materials that aren’t consistent with 

what they’re trying to teach. 

• Materials with different sizes, different attributes, colors are 

distracting.  

11. Are there any 

manipulatives missing 

in your classroom 

environment to teach 

certain 

concepts/skills? 

 

• The chains are not enough to consider it a number line and 

number path. 

• There needs to be more geometry work to allow children 

opportunities to build the shapes.  

• Adding more gross motor and graphing material to mathematics.  

• More opportunities to subitize instead of counting by ones.  

12. What are some 

common math terms 

that you use when 

teaching different 

skills? For example, 

regroup, exchange, 

borrow etc.…  

o When are 

students given 

time to use or 

practice these 

new terms?  

•  Join, share, together, divide, sort, sets  

• Go from common explanation to the more accurate term. 

• Story telling 

• During the formative assessment with a conversation.  

• Intentional of using the terms throughout the day in different 

situations.  

13. How do you 

connect math to the 

• Using the language, snack time, during gathering time, seasons, 

sensorial area to notice attributes  
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real world in the 

classroom setting? 

14. What changes do 

you think are needed 

to enhance student 

learning in 

mathematics?  

• Assessment and paying attention to repeated exposure over time 

15. Are there any 

misconceptions or 

assumptions about 

teaching mathematics?  

• The myths of math: young children aren’t ready for math and 

children aren’t ready to think abstractly until they’re older. 

• When the child can connect the symbol with the quantity that 

they have a true understanding of 10. Children aren’t ready to 

move on as quickly as we think. 
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Appendix F 

Interviewee N4 

1. When thinking 

about your 

classroom, what math 

manipulatives do you 

use the most? 

• Counters – erasers from target, colored gems 

• Pattern blocks, ten frames, unfix cubes, place value blocks.  

2. If I say math 

manipulatives and 

student learning, 

what do you think of 

from the student’s 

perspective in their 

learning and in 

relation to you in 

your teaching?  

• Manipulatives are a tool where students can explore concepts in a 

hands-on way. 

• The more ways they can express a number, the better number 

sense they have. 

• Everything is very concrete in kindergarten. First, they need to 

experience it with manipulatives.  

3. As a traditional 

classroom teacher, 

have you ever 

worked with 

Montessori materials 

or do you have 

experience with these 

materials?  

•  Student taught at a Montessori school. 

• The biggest material that stuck with her was the bead bars.  

• Bead bars are missing from traditional. 

4. What do you think 

best practices looks 

like when teaching 

mathematics in your 

current elementary 

classroom? 

• Allowing the students to explore the materials at the beginning of 

the year, talk about how we can use the tools, a lot of assessing to 

find out what students do or don’t know based on the MN 

standards, building small groups from that information. 

• Small groups based on their abilities. 

5. What does the 

average math lesson 

look like in your 

classroom? (length, 

time, 

structure/frequency, 

groupings or whole 

class, concept and 

practice, 

environment). 

• Whole group mini lesson where I am teaching to the middle of the 

class.  

• Mini groups after the whole group lesson. 

• Calendar math with the whole class.  

• “Have-Tos” – independent activity chosen by the teacher at their 

level while the teacher works in small groups. 

• Active learning: centers in the classroom, math, reading, dramatic 

play, writing, iPad, and art center.  

6. What 

manipulatives do you 

use in your classroom 

•  Question not answered.  
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to support teaching 

math skills? 

7. What benefits have 

you noticed from 

using manipulatives? 

• Manipulatives are necessary in kindergarten because it is so 

concrete. 

• It can’t be taught without manipulatives. 

• First understanding on mathematics is through observation of the 

world and objects surrounding us. 

8. When thinking 

about the students in 

your class, how does 

the use of math 

manipulatives  

impact their learning? 

•  Manipulatives are the bridge of making connections to their home 

experiences. 

• Helps the students go from concrete to abstract  

• The more types of counters they have the better.  

9. Do the materials 

support students that 

are EL learners?  

• Yes. 

10. Are there any 

manipulatives that 

aren’t beneficial or 

effective in the 

elementary classroom 

when teaching 

mathematics? 

• Students will fight over the gems based on the color of the gem. 

• Students will use the eraser counters to show a number on the ten 

frames but also be making a pattern.  

11. Are there any 

manipulatives 

missing in your 

classroom 

environment to teach 

certain 

concepts/skills? 

•  I wish I had the bead bars in my traditional classroom otherwise 

no. 

12. What are some 

common math terms 

that you use when 

teaching different 

skills? For example, 

regroup, exchange, 

borrow etc…  

o When are 

students given 

time to use or 

practice these 

new terms?  

• Sorting by attributes -- size, color, shapes.   

• Tens, ones  

• Plus, minus, addition, subtraction 

• Teen numbers  

• Turn and talks during whole group time 

• Small group: asking questions about the concept to get them to 

talk about the math. 

• Math and number talks. 

13. How do you 

connect math to the 

real world in the 

classroom setting? 

• Math center: games, dramatic play incorporates work with food 

and money with a cashier. 

• Patterns and shapes: go outside and take pictures of patterns and 

shapes the students see or on their clothes.  
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14. What changes do 

you think are needed 

to enhance student 

learning in 

mathematics?  

• All classrooms should move away from whole group lessons and 

focus on small groups instead.  

• Whole group causes teaching only to the middle ability.  

• Small groups allow students to get exactly what they need at their 

level. 

15. Are there any 

misconceptions or 

assumptions about 

teaching 

mathematics?  

• Upper elementary for teaching to the test which causes teachers to 

teach the short cuts. This causes students to not fully understand 

the skill.  
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Appendix G 

Interviewee N5 

1. When thinking 

about your 

classroom, what math 

manipulatives do you 

use the most? 

•  Coins, base ten blocks, unfix cubes 

2. If I say math 

manipulatives and 

student learning, 

what do you think of 

from the student’s 

perspective in their 

learning and in 

relation to you in 

your teaching?  

• Beginning of the year, they interpret them as toys and we get away 

from that as I teach them the purpose of the manipulative. 

• They need to specifically know why they’re using it to understand 

its purpose and usefulness.  

3. As a traditional 

classroom teacher, 

have you ever 

worked with 

Montessori materials 

or do you have 

experience with these 

materials?  

• No. 

• I feel there might be elements that might be considered 

Montessori, but I don’t have much experience with it.  

4. What do you think 

best practices looks 

like when teaching 

mathematics in your 

current elementary 

classroom? 

• Best practices is making sure you accommodate and modify for 

each child. 

• It is also teaching the purpose of the manipulative so the child can 

use it to learn. 

5. What does the 

average math lesson 

look like in your 

classroom? (length, 

time, 

structure/frequency, 

groupings or whole 

class, concept and 

practice, 

environment). 

•  Meeting with scholars, review of content to introduce ethe lesson 

on the day, introducing new material, and students working 

independently on that focus.  

• Whole group and small groups daily 

• During small groups, other students are working with one another 

on a couple different things at their level. 

6. What 

manipulatives do you 

use in your classroom 

•  Unifex cubes, dominoes, base ten blocks, clocks, number lines 

and number grids.  
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to support teaching 

math skills? 

7. What benefits have 

you noticed from 

using manipulatives? 

• Allows them to understand what’s on the paper. 

• More visual in their processing.  

• Able to verbalize more with the manipulatives than when using the 

paper.  

8. When thinking 

about the students in 

your class, how does 

the use of math 

manipulatives  

impact their learning? 

• Question not asked. 

9. Do the materials 

support students that 

are EL learners?  

• They definitely do. 

• If students aren’t able to use words to explain, they can show the 

process by using the materials. We can visually see if they are 

understanding the concept without having to use their language 

skills.  

10. Are there any 

manipulatives that 

aren’t beneficial or 

effective in the 

elementary classroom 

when teaching 

mathematics? 

• I think that anyone manipulative could be not beneficial. It 

depends on its purpose and how it’s used.  

• We need to be intentional on why we are using the manipulative.  

• The students need a purpose to avoid students playing with them.  

11. Are there any 

manipulatives 

missing in your 

classroom 

environment to teach 

certain 

concepts/skills? 

•  It would be nice to have a Rekenrak.  

12. What are some 

common math terms 

that you use when 

teaching different 

skills? For example, 

regroup, exchange, 

borrow etc…  

o When are 

students given 

time to use or 

practice these 

new terms?  

• We have been focusing on not using borrowing but regrouping 

instead 

• Our school focuses on naming things and being specific when 

discussing place value. 

• Being explicit about the language and the purpose has helped 

students understand place value. 

• Students practice during independent work time and while playing 

math games.  

• GLAD Strategies  

13. How do you 

connect math to the 

•  Making it purposeful 

• Relating it to their lives and experiences 
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real world in the 

classroom setting? 

 

• Making the story problems about their lives and everyday 

occurrences so they can see themselves using math. 

• Cooking  

14. What changes do 

you think are needed 

to enhance student 

learning in 

mathematics?  

• Over the years, I have learned that the way math is taught now we 

are making sure that students are able to demonstrate or show that 

they understand the concept.  

• We are allowing them to solve problems many different ways and 

teaching educators how to do that now.  

• We don’t necessarily need the whole group math lesson; we can 

start in small group to meet them where they are at.  

15. Are there any 

misconceptions or 

assumptions about 

teaching 

mathematics?  

• Teachers don’t know all of the ways to present or teach a skill. 

• We don’t all feel comfortable teaching math, because of our 

upbringing with learning the rules of how to solve a problem.  

• Parents can’t help their kids because that’s not the way they 

learned it.  
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Appendix H 

 

IRB Approval Document 
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Appendix I 

 

Consent Form Sent to Interviewees 
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