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How and why do Montessori methods work?
Around a hundred years ago, Maria Montessori (1870-1952) devised a method of educating children that was 
radically different to the traditional method of her time. Her approach continues to inspire many teachers today. 
Montessori based her theory and classroom practices on observations and trial and error in her own classrooms. 
But is there a more scientific evidence base to support her methods? 
This TLA research summary explores the findings of a book that set out to examine recent psychological 
research in support of Montessori's methods. It provides evidence that shows how and why Montessori methods 
work. The book is:
Lillard, A. S. (2005; updated 2007) Montessori: the science behind the genius, Oxford University Press, Oxford
In the book, Lillard (an American professor of psychology with extensive first-hand experience of Montessori 
education) identified and explored eight principles of Montessori education supported by research and showed 
how these principles are applied in Montessori classrooms. She shows how Montessori's vision anticipated many 
twentieth century developments in child psychology and education.
This research summary presents each of the eight principles of Montessori education Lillard identified in turn. It 
explores how the principles translate into practice in Montessori classrooms and outlines some of the research 
evidence Lillard found in support of them. We provide further illustrations of some of the classroom practices 
Montessori advocated through a selection of case studies of research carried out by primary and secondary 
teachers. 
While Montessori methods are usually associated with early years, any teachers (including primary and 
secondary teachers) interested in reading what psychology research says about learning and development and 
how to use it to improve teaching effectiveness will find this research summary helpful for their practice.
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OverviewWhy is the issue important?Many people will have heard of Montessori, but may be uncertain of what her teaching methods involve, or they may be familiar with Montessori practices, and interested in exploring research evidence that shows why her methods are effective.What principles underpin Montessori's approach to teaching?The research summary examines eight principles:1. movement can enhance thinking and learning;2. learning and well-being is improved when people have a sense of choice and control over their lives;3. people learn better when they are interested in what they are learning;4. that tying extrinsic rewards (such as stars) to an activity has a negative impact on motivation and engagement ;5. collaboration is conducive to learning;6. learning situated in meaningful contexts is often deeper and richer than learning in abstract contexts;7. particular forms of adult interaction are associated with improved learning; and8. an orderly environment is beneficial to children. How did Montessori arrive at her views?Montessori (an Italian doctor) first set up her 'Children's Houses' in 1907 to care for 3-4 year olds as part of a housing project initiative in a poor part of Rome. She used them as laboratories in which to study how children learn best. She gave the teachers materials to use and instructions on how to use them. Montessori observed the children's reactions to them and the teachers reported their observations to her. What evidence is there to support her views?Recent psychological research shows:movement and cognition are closely intertwinedthe many benefits that accrue from giving children choice, including improved performance and persistence, and increased enjoyment, creativity and well-beinglearning which stems from interest affects a host of factors, including grades, self-esteem, persistence and motivationif a person is already motivated to do an activity, rewards actually interfere with their subsequent interest in that activitythe many ways children learn from and with each other, for example, through observation, imitation, peer tutoring and through working collaborativelythe many benefits of making learning meaningful, such as increased enjoyment and better understandingchildren fare better when they are allowed freedom within firm guidelines; andthe positive impact of routines, presenting information in conceptually organised ways, and quiet, orderly environments.What are the implications?A number of implications for teachers and leaders arise from Montessori's work. They include teachers considering how much opportunity their pupils have to:move around and do practical activitiesmake choices while at the same time putting boundaries in place to enable choices to be manageable; andlearn with and from each other.Montessori's work also suggests the value of leaders supporting colleagues, for example, to:review the effectiveness of any reward systems they use, work without rewards and reflect on the effects of doing so, and make greater use of strategies such as peer and self assessmentcarefully observe pupils' reactions to activities; andget together to plan the curriculum in ways that ensure that what pupils learn in one area can be transferred to another and use stories as contexts for learning.What do the case studies illustrate?The case studies show how:one school raised achievement for all children at Key Stage 1 through the use of tactile, multi-sensory apparatusan infant school explored the importance of both gross and fine motor movement for developing young children's writingtwo secondary school teachers changed their pupils' perceptions of assessment from a system of rewards to a process that enabled them to learn through introducing peer and self-assessmenta primary school teacher made effective use of peer tutoring; andteaching staff at two schools (one primary and one secondary) made meaning clear in mathematics through increasing their pupils' familiarity of mathematics vocabulary and through exploring the historical background.Back to topStudyWhat principles underpin Montessori's approach?Lillard's book identifies and describes eight insights Montessori derived through observing children that underpin her approach to education. Lillard found these insights are supported today by a great deal of research in psychology and education.  The eight principles are that:1. movement can enhance thinking and learning;2. learning and well-being are improved when people have a sense of choice and control over their lives;3. people learn better when they are interested in what they are learning;4. that tying extrinsic rewards (such as stars) to an activity has a negative impact on motivation and engagement; 5. collaboration is conducive to learning;6. learning situated in meaningful contexts is often deeper and richer than learning in abstract contexts;7. particular forms of adult interaction are associated with improved learning; and 8. an orderly environment is beneficial to children. Movement and thinking (principle 1)Montessori noted how for young children, thinking and moving went hand in hand. Consequently, she advocated the use of practical exercises and sensorial materials. Research now shows that memory and processing are improved when people's movements align with what is to be learned. Fostering choice and interest (principles 2 and 3)Montessori advocated giving children choice in what and how they learned and who they learned with. She suggested that teachers capitalise on children's interests and present just enough information to pique curiosity. Research shows the benefits of have a sense of choice and interest in learning included improved performance, increased enjoyment, task persistence, creativity and motivation.Avoiding rewards (principle 4)Montessori avoided using extrinsic rewards because she felt they interfered with learning. Research shows that giving children choice results in a range of benefits and that interest in an activity is best sustained when extrinsic rewards are not used.Learning from and with peers (principle 5)Montessori believed that children learn very well from and with their peers. There is strong evidence that highlights the many ways that children learn with and from others, such as through peer tutoring. Learning in meaningful contexts and orderly classrooms (principles 6 and 8)Montessori advocated that learning needs to be in meaningful contexts (with lessons that build on previous lessons and on children's curiosity, and experiences that connect to the real world) and classrooms need to be orderly (both physically in terms of layout and conceptually in terms of how the use of materials progresses). Psychology research shows the positive impact of routines and presenting information in organised ways and the range of positive effects that accrue when meaningful contexts are provided.Teachers' interactions with children (principle 7)Montessori's recommendations on how teachers should interact with children were important and unusual at the time. They anticipated later research on parenting and teaching. When adults are sensitive to children's needs, but provide clear limits, children show higher levels of maturity, achievement, empathy and other desirable characteristics.Later sections of this research summary show how each of these principles is applied in Montessori classrooms and examines some recent research identified by Lillard that supports them.How is learning organised in a Montessori classroom?This section outlines some of the key features of Montessori's approach. The classroomA Montessori classroom is usually a large, open space, with low shelves, different sizes of tables that seat one to four children. It is arranged into areas usually divided by low shelving. Each area has materials for working in a particular subject (art, music, mathematics etc). Extra materials are kept out of sight in a cupboard and rotated in and out of the classroom as children seem ready for, or no longer need, them. Every material has its place on the shelves and children are expected to put each material neatly back in its place after use, ready for another child. Children are free to work where they choose - at tables or on the floor on top of small rugs. They can choose to work alone or in self formed groups except when the teacher is giving a lesson. Lessons are almost always given to individuals or small groups as the children are ready for them.Montessori materialsMontessori designed materials in ways that gradually introduced children to increasingly complex concepts.The 'pink tower' for example consists of a series of ten graduated cubes all the same colour, which increase in dimension by one centimetre on all sides. The child is expected to build the tower by placing the largest piece at the bottom and successively smaller pieces on top. An important aspect of this and many Montessori materials is that they are self correcting - if the child goes wrong and misses one of the cubes in the series, s/he will later be faced with a larger cube needing to go on top of a smaller one. Using the pink tower material is intended to introduce concepts such as the decimal system, numbers up to ten and the notion of cubing. Another of the materials is 'red rods'. These rods are 2.5 cm wide but vary in length - each successive one is 10 cm longer than the previous one with the longest one being 100cm. The children are expected to line them up from shortest to longest. As well helping children to learn about size, the materials also help children in learning to reason and decide, to concentrate on an activity and to work towards a goal.The children's work is highly organised in Montessori classrooms. The children carry out activities in a series of steps that their teacher or other children have shown them. The materials on the shelves are designed to attract children's interest and teach core concepts via repeated use. Most of the materials are made from wood and are either natural or painted in bright colours because Montessori found they were attractive to children. Each material has a purpose and a particular way of using it which the children are shown. For example, the children are not supposed to make music with the metal insets (sheets of metal with geometric shapes cut out of them); the metal insets are to aid pencil control. Materials are presented in a hierarchical sequence. Rather than give the children tests to assess their competence, Montessori teachers observe children at work, noting whether children use the materials correctly because correct use is believed to engender understanding. Teachers repeat lessons when children are not using the materials properly and therefore not benefiting from the intended learning.  Why did Montessori think movement was so important for learning?'Those children who have been able to work with their hands make headway in their development.'(Montessori)Montessori believed that children should be given opportunities to move their bodies in purposeful ways and explore new things for themselves. For example, young children in Montessori classrooms move about freely, wash tables, trace sandpaper letters, put large wooden map pieces in place, and compose music using musical bells. Older children place coloured cards next to words to designate parts of speech, create models of houses from the past, and count squares and cubes so they can see why 3 cubed equals 27. An integral part of Montessori education also involves children moving out of the classroom to learn about their surroundings.Montessori's 'exercises of practical life' A key aspect of Montessori's view on movement came from her belief that movement should serve real and apparent goals, such as with the 'exercises of practical life' she developed for pre-school children. These included activities such as dressing frames to help children to develop the skills needed to fasten their clothes and 'table washing', for which the children are equipped with a set of appropriately sized materials that are needed to carry out the task. Montessori saw the purposes of practical life activities such as washing tables as including:assisting children towards independence - by repeating simple routine acts such as washing tables, arranging flowers or polishing objects, children were able to independently carry out useful, meaningful actions; andthe education of movement - by engaging in and repeating practical life activities, a child's actions become more orderly and precise which Montessori believed helped children to develop a mathematical mind.Sensorial materials The sensorial materials Montessori developed are sets of objects designed to educate the senses. For example, children can feel different degrees of roughness and smoothness on sandpaper tablets and arrange them from smoothest to roughest. Some of the materials help the children develop the lightness of touch and wrist action needed for writing. For example, children trace the outlines of leaf shapes and geometric shapes using the metal insets and learn their names in the process. Some sensorial materials teach mathematics concepts, such as the binomial and trinomial cubes (wooden boxes with hinged sides that open to expose a set of blocks inside) which embody the algebraic formula for finding the volume of a cube. You may like to read case study 1 which shows how an infant school used mathematical equipment to help young pupils to develop visual images of number.  What does research say about the importance of movement? Lillard found much research showing that movement and cognition are closely intertwined. One study, for example, showed that children who are more expert at using the abacus are more proficient at solving mathematical problems even when they are not using the abacus. Another kind of movement is gesture, which occurs frequently when people engage in conversation. One study showed how people tend to gesture more when the thoughts they need to convey are more complex. In this study, physicists gestured in ways that simulated what they were thinking, particularly when struggling to understand a new hypothesis. Another study showed that when children solve conservation tasks (tasks which test a child's ability to see that some properties do not change after an object undergoes physical transformation), such as indicating which row of counters is longer - the row of six counters or the more spread out row of five some children give the wrong answer verbally, while gesturing the right answer thus demonstrating that movement leads cognition.You may like to read case study 2 carried out by teachers at an infant school over many years, who explored the links between gross and fine motor movement and their importance in developing both handwriting and the content of young children's writing.Lillard found many studies which show that memory improves when one's movements align with what is to be remembered. For example, one study showed that pupils recalled a character's monologue in a play better when they actively improvised what the character was like than when they wrote about or discussed the character.Why was giving children choice important to Montessori?'These children have free choice all day long. Life is based on choice, so they learn to make their own decisions...They cannot learn through obedience to the commands of another.' (Montessori)In Montessori classrooms, children have choice and control over many aspects of their school life. This includes choosing what they would like to work on every day, how long they spend on each activity and who to work with in class. Montessori developed this system after observing children making free choices of objects to use and play with as a result of the teacher forgetting to lock the cupboard door. She realised that the children she was observing were choosing what to do depending on their own inner needs. How did Montessori facilitate choice?Montessori believed that for a child to make productive choices, the environment had to be prepared and specially designed to stimulate constructive activity. Montessori classrooms are, as a result, arranged in a very orderly fashion. The materials and activities are made available on shelves or on tables and rugs, and always within easy reach of the children (i.e. the shelves are all low and as deep as a child's arm could easily reach). The furniture is also movable and appropriately sized for children, so that they can choose to rearrange the furniture to suit their own needs. But Montessori also recognised that too much choice can be demotivating and work against people's sense of control, so she felt it important to limit the options for learners to choose from. In Montessori classrooms, choices are limited by the amount of material available and by the materials children know how to use. If a child failed to choose to do a particular piece of work that was important for their development, Montessori suggested subtly limiting the child's choice - for example, asking the child to choose the day and time when they will complete the activity. This way, the learner still retained a sense of control. What does research say about the importance of choice?Lillard noted how research shows that having a sense of choice and control over what one does benefits both adults and children. The benefits include:improved performancebetter task persistenceincreased enjoyment and interest by the learnerincreased levels of challenge (i.e. those who had choice chose the more challenging tasks)increased motivation to engage with activitiesimproved creativityreduced aggression in classrooms; andincreased well-being - especially in early years - with older children more likely to see themselves as 'academically competent'. One study cited by Lillard, showed how two groups of children used a computer game designed to teach mathematical operations. One group were allowed to choose what kind of spaceship they travelled in during the game and the name of the spaceship. The other group were told their type of spaceship and its name. The children who had chosen and named their own spaceship liked the computer game better and played it more than children who did not choose and name their spaceship. They even chose more challenging games and rated themselves as generally liking mathematics more. Finally, the 'choice' children showed greater improvement and performed better on the problems while playing the game even though they chose more challenging problems.   You may like to read the TLA research summary Transforming teaching and learning with ICT which shows how pupils were given the opportunity to make choices about how they learned a particular topic and what ICT tools they wanted to use. Doing this enhanced the pupils' motivation, engagement and sense of responsibility for learning.How and why did Montessori let interest drive learning?'The role of education is to interest the child profoundly in an external activity to which he will give all his potential.' (Montessori)The natural corollary to a system of education based on choice is to allow children to pursue learning about issues that already interest them and to awaken interest. Montessori education capitalises on both individual personal interests and more universal topic interests. In terms of topics, Montessori developed materials and activities to appeal to children's interests. She tested the materials to see how the children interacted with them and revised any materials that did not capture their interest. At the same time, Montessori saw it as the teacher's role to connect the child to various areas of the curriculum through the child's personal interests by capitalising on children's natural interests (some of which occur generally during 'sensitive periods') and engendering interest through inspiring children's interests in topics.Making use of children's natural interestsMontessori believed that some interests were part of biological development and answered a specific need the child has at that moment. For example, she believed that an area of the brain is specially predisposed for learning words early in life. She wrote, 'The child of this age [pre-school] ... has a special sensitiveness for words; they attract his interest and he spontaneously accumulates a very great number'. Montessori believed that teachers should capitalise on such periods by noticing what interests them and providing a great deal of high interest input at the right time.Inspiring topic interest Montessori believed interest comes in part through making connections and the curriculum she devised was taught with an eye to making connections across disciplines. For example, she instructed teachers about how they might introduce the topic of water. She advised that they should use the immense quantity of water as their starting point because this would impress children and captivate their imaginations. She urged that teachers mention animals early in the lesson because animals tend to evoke interest for many young children. She also urged that they connect the lesson to mathematics, explicitly stating that they should tell children that fish deposit so many eggs that the largest number the child could write would not be large enough to depict the number of eggs. She suggested that teachers go on to show children the tiny aquatic organisms through a microscope and how rivers discharge minerals into the ocean which could lead to discussion of shells and coral reefs. The curriculum is thus made interesting via connections to other aspects of the world and curriculum, hands-on activities and personal involvement (telling the children they could not write a number big enough etc). Through lessons like these, Montessori believed the child's imagination is stimulated to learn.Activities to capture interestMontessori designed all her activities with children's interest in mind. The practical life activities described earlier, such as table washing, capitalised on very young children's interest in doing activities they see their teachers, parents and other children doing. In Montessori classrooms, older children learn, for example, from examples they have made up themselves - such as deciding which two numbers to multiply or devising their own sentences for learning about grammar. What does research say about the importance of harnessing interest for learning?Lillard noted how many studies have shown that learning which stems from interests affects a host of factors including grades, self-esteem, perception of one's own skill, persistence, motivation and temperament. She gave the example of one researcher who used an open-ended questionnaire to discover the particular interests of 10-12 year olds, then developed some reading passages based on their reported interests. The children recalled more points, recalled information from more paragraphs, wrote more sentences, provided more detailed information about topics read and provided additional topic-relevant information when the passages were embedded in contexts of interest than when they were not. Another study Lillard reported on found that creating scenarios based on children's interests for mathematics problems about fractions resulted in the children getting significantly more correct answers than children who were given non-interest related questions. The scenarios, for example, mentioned the children by name and asked if three chocolate bars were cut in half, how many of their (named) friends could have a piece.What was Montessori's view of extrinsic rewards?'The prize and the punishment are incentives towards unnatural or forced effort.' (Montessori)In Montessori schools, there are no grades, gold stars, or stickers etc given for good work or behaviour. Montessori saw rewards as interfering with learning. How do Montessori classrooms function without rewards?Although learners need some way of knowing when they have succeeded or not, Montessori believed that vesting that authority in the adult was problematic and that marks of right and wrong on written work were demotivating. She preferred to use other methods including the ones below. Incorporating 'control of error' in the materials. For example, if a child puts one of Montessori's set of graduated wooden cylinders into a hole that is too large, there will be a cylinder left over at the end. The use of standard 'control' material (such as a labelled map) against which children could compare their own work, allowing them to find their own errors. For example, children could first solve some mathematics problems and then get a calculator to check their work.Pupils providing each other with feedback on their work. When children work together doing mathematics problems or writing a report etc they can point out errors in each other's work. Pupils can also get feedback through peer teaching - for example explaining how to do a certain kind of work to a peer can help a child to see whether his/her explanation was effective. Montessori's preferred methods chime with current peer- and self-assessment practices. You may like to read case study 3 which shows how using peer- and self-assessment strategies enabled two history teachers to change their Year 7 and 8 pupils' perceptions of assessment from a system whereby the teacher gave or withheld rewards to a process that enabled them to learn. You may also like to read the earlier TLA research summary Assessment for learning: putting it into practice which explores peer and self-assessment in some detail, including further case studies about how peer- and self-assessment were effectively used in French and English lessons.What does research say about how rewards affect motivation?In line with Montessori's thinking, Lillard found research showing that if a person was already motivated to do an activity to begin with, rewards actually interfere with their subsequent interest in that activity. It also shows that rewards affect creativity, problem-solving, and pro-social behaviours (being kind to others). For example, one study made new sets of marker pens available to 3-5 year olds. The researchers watched to see which children used them a lot. Some of these children were shown a 'Good Player Award' - a fancy note card with a big gold star and a red ribbon - and were asked if they would like to receive one. They all said they would. After the children had drawn for six minutes an award was placed on an Honour Roll Board with great fanfare. Afterwards, a panel of judges unaware of which children had been given an award, rated the drawings' creativity. Drawings done by children who expected rewards were judged as significantly lower in quality than drawings done by the other children. Furthermore, when the classroom was observed for marker use a few weeks later, the children who had expected a reward used the markers much less than they had previously and half as much as the other children. Another study Lillard found showed how the expectation of a reward influenced the level to which pupils challenged themselves. In the study, pupils were allowed to choose which of seven puzzles they would most like to solve, with the puzzles ranked in order of difficulty. Some of the pupils were told before choosing that they would receive a small reward if they solved the puzzle. Those who were solving for a reward chose significantly less difficult puzzles.Lillard also noted research which shows that being awarded grades leads children to adopt 'performance' rather than 'mastery' goals. The TLA research summary about Dweck's work (Promoting students' persistence in meeting challenges) showed how people who think of their intelligence as malleable (incremental theorists) adopt mastery goals: they try to learn in the face of challenges. But people who think their intelligence is innate and fixed (entity theorists), adopt performance goals and seek to show how bright or good they are. Entity theorists are fine when they are successful, but failure results in them not wanting to engage in the activity further and wanting to avoid the situation in which they failed. Incrementalists, by contrast, tend to regard failures as indicating areas in which they should work harder.How did Montessori envisage children learning from their peers?'Our schools show that children ... help one another. The younger ones see what the older ones are doing ... the older ones are happy to teach what they know.'(Montessori)Peer learning is embedded in the structure of Montessori education. This section examines three forms of peer learning in Montessori education and some research evidence for them:learning from peers by observation and imitationpeer tutoring; andcollaborative learning.Learning through observation and imitationMontessori repeatedly argued that people learn not by being told, but by watching and doing. Montessori teachers show rather than tell children how to engage in the work. Montessori children are shown how to push a chair in quietly, how to make a polite request, how to serve food etc. Older children are asked to act out scenarios for the class, demonstrating successful and unsuccessful ways to interact with others etc. This, Lillard suggests, echoes research about the role of imitation in which for example, babies imitate facial movements such as sticking out one's tongue and toddlers learn to use tools in particular ways through observation and imitation.  Montessori schools use three-year age groupings which exposes children to older and younger peers, facilitating both imitation and peer tutoring. Montessori believed that seeing what the older ones were doing filled the younger ones with enthusiasm. For example, a younger child might watch an older child make an intricate design using metal insets and later strive to make one him/herself. Lillard found research that suggests that the imitation of slightly older peers can be more effective in developing understanding than the imitation of adults, and that very young children (aged 2-6 years) in particular benefit from multi-age groupings. Peer tutoringPeer tutoring occurs both formally and informally in Montessori classrooms. Informally, younger children learn from older ones by asking them questions while watching them work. More formally, teachers arrange for pupils to teach each other. As Montessori materials are very structured, they are well suited to peer tutoring because the tutor's teaching steps are spelled out clearly. Lillard pointed to research that shows that when tasks are appropriately structured, peers can be very effective tutors and both tutor and tutee benefit academically and socially from the arrangement. Structured peer tutoring in spelling for example, could involve one child (the tutor) reading a word and the other (the tutee) spelling it out. If the tutee is incorrect, the tutor might suggest trying again, provide cues or simply spell it correctly. Some of the research Lillard found showed that when tutored by a peer, the tutee benefited most from a peer who was slightly more advanced rather than much more advanced - if the tutor's thought processes are too advanced, the tutee cannot adopt the new reasoning or behaviour. You may like to read case study 4 that explores in more detail how one teacher used peer tutoring (taking care to match the children appropriately) to enhance her children's spelling, and how the experience helped both the tutor and the tutee. Collaborative learningMany of Montessori's activities can be done in pairs or small groups, for example, with the 'Grammar box command cards', children pick up a card and read its message, which might be 'Waddle across the room like a duck'. When using these cards in collaborative groups, others guess what command is being enacted. Lillard noted how many studies have shown that people learn better when working collaboratively than when working alone. The benefits extend beyond academic achievement to improving the social climate of the classroom and enhancing individual well-being. Even very limited peer collaboration sessions have been linked to improved performance. In one study, peer collaboration took place over only six sessions, yet significant gains were still observed in children's learning on tasks that required reasoning, while no gains were seen for rote learning and copying tasks. You can find out more about group work, including the benefits and ways of structuring it, in the TLA research summaries Raising achievement through group work and Learning mathematics through collaboration and discussion.How did Montessori make learning meaningful for children?'To teach details is to bring confusion; to establish the relationship between things is to bring knowledge.' (Montessori)Montessori provided meaningful contexts in several ways, including:incorporating new knowledge with old knowledgemaking meaning clear through the use of materials etc; andthrough the use of stories.Fitting new knowledge with oldAn advantage from having one person develop the entire Montessori curriculum is that knowledge is connected both across topics and across the child's life. For example, children learn to count and 'skip count' (count in twos and threes etc) with glass beads and when they are older they use the same materials to learn squaring and cubing. There is coherence across the curriculum too. For example, when children make designs using metal insets (sheets of metal with geometric shapes cut out of them), they are simultaneously working on artistic creativity and geometry. The connections are explicit and preconceived as shown in the example given earlier about introducing the topic of water (see section on how Montessori let interest drive learning). Montessori lessons are designed to entwine knowledge to help children see connections across the curriculum and to the world outside.Making meaning clearMontessori materials help make meaning clear. For example, the material for teaching the Pythagorean theorem helps to make an abstract formula meaningful because the child sees how taking the 9 units from one side and the 16 units from the other will exactly fill the square that extends off the hypotenuse - that 9+16=25 (a2+b2=c2). Another way to make meaning clear is to provide information at the point of need. For example, in Montessori classrooms, children learn new words in the presence of the real objects they are learning about - such as stamen and pistil when examining a plant. This enables them to describe objects precisely. You may like to read case study 5 which shows how a primary teacher set about helping to increase her pupils' familiarity of mathematics vocabulary. Doing this enabled them to complete worded problems more successfully.Stories as contexts for learningMontessori believed that people inherently find stories meaningful. Engaging a child's imagination in stories helps to connect new information to children's prior knowledge. As in all good stories, the descriptions can be given in concrete terms, such as equating mountains under the ocean with mountains above ground that children have seen and describing the size of a school of fish in terms of how long it would take a boat to get around it because the human imagination resonates to such images. You may like to read case study 6 which shows how a secondary mathematics teacher introduced a historical context (which involved story telling) into her teaching of mathematics. Knowing the historical background made the acquisition of mathematical skills more meaningful to her pupils. What does research say about the impact of meaningful contexts on learning?Lillard found a number of studies reporting a range of positive effects when meaningful contexts are provided. In one study Lillard cited for example, 10 year olds were taught the basic elements of the LOGO graphics program language. A control group was taught in an abstract form whereas the experimental group was given a meaningful context in which to complete the same task. In the abstract form, the children had to navigate the cursor between and touch five circles. The children in the other group had to do the same task, but the circles were described as islands with treasure that must be collected or as planets that a spaceship had to land on. Having a meaningful context had several positive effects. Immediately after training, the children in the contextualised condition had learned the programming language better. They also reported having liked the exercise more than children in the control group. Two weeks later, the children who had been in the contextualised condition performed better on a geometry test of the underlying concepts and skills, such as estimation of angles and distances. They were also better at following a series of steps in executing a plan. You may like to read the TLA research summary Secondary school mathematics based on mathematics teaching in two schools. It shows how one school made learning more meaningful than the other and how its pupils were more able to apply their learning to other 'non-textbook' problems as a result.How did Montessori expect teachers to interact with children?'It is true that the child develops in his environment through activity itself, but he needs ...guidance and an indispensable understanding.' (Montessori)Montessori advocated particular ways of interacting with children that closely correspond to recent research evidence. They included:freedom within boundarieswarmth and sensitivity; andcareful use of praise.Freedom within boundariesMontessori believed teachers should provide an appropriately structured environment in which children are free to make their own decisions and discoveries and only intervene when children's behaviour is not constructive. Montessori was clear that any disruptive or socially unacceptable behaviour should always be checked, but she recommended doing so by redirection rather than punishment, such as giving the disruptive child something else to do. Montessori believed there was no such thing as a bad child, only children with unfulfilled needs.Lillard suggests that Montessori's ideas about how teachers should behave towards children are in line with recent research on parenting styles and child outcomes which suggests that children fare best when parents set firm guidelines within which their children are allowed freedom. As children get older, they fare best when their parents gradually hand over more control. Overly permissive, lenient parenting and overly controlling, rigid parenting are both associated with poor child outcomes.Warmth and sensitivityMontessori advised that teachers show a degree of warmth and sensitivity which Lillard argues is reminiscent of the characteristics of parents whose young children are securely attached. Such parents tend to play a lot with their children and react quickly to their children's needs. The secure relationship gives children the confidence that someone will be available to help them when they need it. Montessori saw the task of childhood as learning to become increasingly independent and the role of the adult as assisting children toward that independence. She maintained that the teacher should serve as a safe haven whenever the child needs it, but be sensitive to the child's need for increased independence. Lillard highlighted how research shows that parents of insecurely attached children either fail to give the child independence when the child needs it, or push independence too strongly without providing a secure base when the child needs one. (Parents of insecurely attached children are typically distant with their children. Their children gain an expectation that the important people in their lives will not be reliably and dependably available to them in times of need).Careful use of praiseMontessori was against evaluating a child either positively or negatively (i.e. using person-centred praise or criticism that suggests to them that they are clever or stupid etc). Lillard found that her view is consistent with what self-theories research (focused on people's beliefs about whether they think intelligence is innate and fixed or whether they can develop it) suggests will produce the best possible child outcomes. In one self-theories experiment for example, 10-11 year olds were given some moderately difficult problems to solve. They were all told that they got 80 per cent right (regardless of their actual score) then one third of the children were told 'You must be very smart at these problems' (i.e. praised for their intelligence), a different third were told 'You must have worked very hard at these problems' (i.e. praised for their effort), and the remaining third were given no more feedback. The children praised for their effort did better on a subsequent set of problems than they had on the first set, while the children praised for their intelligence performed worse. The children who received no praise showed no change. You may like to read the TLA research summary about Dweck's work Promoting students' persistence in the face of challenges which explores self-theories in more detail. What did Montessori mean by 'orderly' classrooms?'The children in our schools are free, but that does not mean there is no organisation. Organisation, in fact is necessary ... if the children are to be free to work.' (Montessori)Montessori classrooms impose little order at the macro-level of the school day, having instead three-hour uninterrupted periods during which children can focus on the tasks they choose. But in other ways Montessori education is very ordered, for example:the classroom layout is organised - objects have their place on the shelves and sets of objects have particular coloursthere are set routines for using each Montessori material - activities are often about putting things in order, making them clean (the exercises of practical life) or putting them in their proper placesthe aural environment is ordered - classrooms are quiet. Sometimes silence is presented as an organised activity - the children sit in a circle as still as they can and listen; andthe curriculum follows a logical progression. What does research say about orderliness and its effects on children?Lillard found that research on temporal order - the use of schedules and set routines which can be at the macro-level of the school day and the micro-level of tasks or routines within activities - tends to concern order in the home. The home-based research has looked at micro-routines such as bedtime rituals (a bath followed by a bedtime story etc) and at macro-level scheduled events, such as a set bedtime. Lillard found several studies which show that children have better outcomes when their families engage in more regular routines. For example, researchers have noted that many children with night waking problems have no orderly bedtime routines set by their parents. Instead, every night entails a different sequence of events. The positive impact of routines appears to continue into adolescence although as children get older, some measure of flexibility becomes important. Spatial organisation is also related to important developmental outcomes. Lillard cited studies of human memory for example, which showed that when information is presented in a conceptually organised way (as opposed to randomly) people learn it better. In one study Lillard found, undergraduates were asked to memorise a list of words. For half the undergraduates, the words were organised conceptually in a tree structure with minerals listed at the top and metals and stones listed on the branches below. The other undergraduates had the same tree structure, but the items were placed randomly on the tree. The undergraduates with the organised structure recalled an average of 73 of 112 words, whereas those presented with randomly arranged words recalled an average of 21.A feature of disordered environments is that they are often noisy and noise is related to decreased ability to think. Lillard found that one possible reason for the negative impact of noise is that it leads one to shut out too many stimuli in an effort to shut out the noise, which can affect attention skills. In one study that set out to investigate this, young children whose homes were described by their parents as noisy took longer to find matching cards in an array of 20 cards than children from quieter homes. When some of the cards were then mixed with some new cards the children from the noisier homes recognised fewer of the old cards amongst the new ones.How did Montessori arrive at her ideas?Montessori, the first woman to become a doctor in Italy, worked in psychiatric clinics after completing her medical training, where she became interested in helping children with learning difficulties. In the early 1900s, such children were often institutionalised in bare rooms with their food thrown at them. Montessori saw their grasping at crumbs of food on the floor as starvation - not of food, but of stimulation. She studied the methods of Jean-Marc Itard and his student Eduard Seguin who had worked with the Wild Boy of Aveyron (who had been found in the forest in the 1800s where he had experienced no interaction for 10 years), to find methods of providing such stimulation. Seguin had developed a set of sensory materials and Montessori adopted them in her work.Montessori aroused international attention when the children she worked with who had learning difficulties passed state educational tests designed for typically developing children. The media marvelled at what the children could do. But Montessori marvelled at the fact that typically developing children were not doing better on the tests. She set about applying what she had learned from the children with learning difficulties to other children.  Montessori observed children in classrooms to try to work out why they were not making more progress. As she developed new ideas, Montessori requested permission to apply them in public elementary school, but was refused. Consequently, Montessori took an opportunity to work with younger children. The housing in a poor part of Rome was being renovated and pre-school children were running around unsupervised causing the workmen problems. The housing project directors offered Montessori space in one of the projects and the care of around 60 3-4 year olds. A young woman was appointed as a teacher and Montessori began her 'experiment' in January 1907. She viewed her schools, or 'Children's Houses' (Casa dei Bambini) as she called them, as laboratories in which to study how children learn best.Because the children's houses could not be legally called schools, Montessori was not allowed to buy typical school furniture etc. So she had small tables and arm chairs of the kind usually found in homes specially designed for the children. She gave the young teacher materials to use and instructions on how to use them with the children. Montessori frequently observed the classroom, and the teacher reported to her about how the children had responded to them. It is said that Montessori worked late into the nights making new materials for the teacher to try. Testing new approaches and materials and noting the children's reactions to them led Montessori to develop a system of education that was radically different to the traditional approach used at the time.Some implications for teachers and leadersTeachers may like to consider the following implications relating to some of the principles inherent in Montessori's system of education.Montessori noted how thinking and moving went hand in hand. The importance of movement is confirmed by research. You may like to consider how much of the day/lesson your pupils have the opportunity to move around and do practical activities and how much of the time they are seated at their desks, practising written exercises, watching and listening.Montessori believed in the importance of giving children choice within boundaries. Research shows that giving choice results in improved performance, improved persistence and increased motivation. What boundaries do you need to put in place to enable choices to be manageable?Peer learning is embedded in the structure of Montessori education. Research shows that children learn by observing and imitating others and that peers can be very effective tutors (with both tutor and tutee benefitting academically and socially from the arrangement) and that people learn better when working collaboratively than when working alone. Could you plan your lessons to include more opportunities for pupils to learn with and from each other? (You may find case study 3 a helpful starting point).Leaders may like to consider the following implications.Montessori saw rewards as interfering with learning. What do colleagues in your school do in terms of rewards? Do you have a school policy with regard to reward systems? If you have colleagues who use rewards, would it be useful to support them in reviewing their effectiveness? Could you support colleagues in working without rewards and reflecting on the effects of doing so? Support could take the form of suggesting designing assessment into the task so that pupils know when and how far they have succeeded from their own actions and their results or through making greater use of strategies such as peer- and self-assessment?Observation of children, noting the children's reaction to the activities she devised lay at the heart of Montessori's work. While such careful observation is often a feature of early years classes, the practice tends to diminish as pupils get older. Would colleagues teaching older children find it helpful to use some of the approaches common in early years classrooms, such as noting observations on post-its and taking photographs and videos to analyse and reflect on later?   Teachers have an important role to play in helping children see how what they are learning is meaningful. Could you invite colleagues in different subject areas to get together to plan the curriculum to ensure that what pupils learn in one area can be transferred to others? They might also like to plan how to use stories as contexts for learning. You may find case study 6 (which shows how a secondary mathematics teacher used the historical context to make the acquisition of mathematical skills more meaningful to her pupils) a helpful starting point.Gaps in the research Gaps - of basic premises, related issues, methods, analysis and/or interpretation - that are uncovered in a piece of research also have a useful role in making sure that future research can fill in the gaps and build cumulatively on what is known. If research is also to inform practice, it needs to be convincing to teachers, and to take account of their views of its adequacy; so practitioners' interpretation of the gaps and follow-up questions are crucial. We think the following kinds of studies would usefully supplement the findings of this research:research with older pupils to see if Montessori's theories translate across the secondary curriculumthe long-term effects of Montessori educationcase studies of how teachers have implemented Montessori-style approaches and resources in non-Montessori settings; andstudy that also seeks counter evidence to the principles underlying Montessori teaching approaches.What is your experience?Do you have any evidence regarding Montessori-style classroom practices? Do you have action research or enquiry-based development programmes that are designed to explore for example, the design of effective sensorial learning materials in different areas of the curriculum, or fostering interest and curiosity, and enabling pupils to have choice in their learning? We would be interested to hear about examples of effective approaches, which we could perhaps feature in our case study section.Your feedbackHave you found this study to be useful? Have you used any aspect of this research in your own classroom teaching practice? We would like to hear your feedback on this study, which we can share and use to inform our work. Click on the link 'Tell us what you think' on the left of this page to share your views with us.Back to topCase studiesWe have chosen six independent case studies carried out by teachers to illustrate some of Montessori's principles applied in regular classrooms. The case studies describe how:tactile, multi-sensory apparatus was used to raise achievement for all children at Key Stage 1, including those with special educational needsan infant school explored the importance of both gross and fine motor movement for developing young children's writingtwo teachers changed their pupils' perceptions of assessment from a system whereby the teacher gave or withheld rewards to a process that enabled them to learn through introducing peer- and self-assessmenta teacher used peer tutoring to help her class learn the spelling of sounds within words and strategiesteaching staff at a primary school set about making meaning clear in mathematics by increasing their Year 3 pupils' familiarity of mathematics vocabulary; andthe acquisition of mathematical skills was made more meaningful to secondary pupils through knowing the historical background. Case study 1: A multi-sensory approach to teaching number at Key Stage 1We have chosen this case study because it shows how mathematical equipment was used to help young pupils to develop visual images of number. The visually-based strategies for teaching mental arithmetic used at the infant school and the tactile apparatus were very effective in raising achievement for children of all abilities. This included those with special educational needs, especially children with Down's syndrome, who tended to be good visual learners, but had poor auditory memory. The infant school in the study had a high proportion of pupils who qualified for free school meals, had special needs and/or who entered the school with poor language skills. The school had become dissatisfied with various published mathematics schemes, all of which relied on counting as the basis for arithmetic and moved children very quickly from counting towards formal symbols in mathematics. Children used counting as a back up strategy when they could not apply learned procedures to solve arithmetic problems. The school felt this approach was not effective. Use of images and apparatusThe school developed a structured programme of teaching activities that used visual images and apparatus such as number rods to encourage children to develop a systematic mental imagery of number. Children saw and felt the structured images, whilst they said and heard connected mathematical language. Early activities taught children the shape associated with each number and how each related to other number shapes before the numerals were named. Activities were very simple: to practise addition children might throw a number die and then feel in a 'feely bag' for two shapes that made that number. Children might arrange 1-10 rods in a 'staircase' pattern and fill the spaces with more rods to show all the combinations that made 10. Teachers found it helpful to remind children often to use mental imagery - they used phrases such as 'Let your fingers be your eyes' if pupils were feeling for shapes in a feely bag and 'Try to see the shapes in your mind's eye' when they were doing mental arithmetic. The programme of activities was carefully designed to built on and extend previous learning. The use of number in the classroom Two number lines were displayed in every classroom: a number line showing numerals from 0-100 and a large number line from 0-20, showing numerals, the corresponding visual structured image and the number word marked at regular intervals. The mathematics area offered children independent opportunities to explore and practise what they had learned. An interactive display included activities such as counting, numeral recognition games, pattern making, using construction apparatus and problem solving with puzzles. In whole-class or group teaching, the structured apparatus was used on a table top or a magnetic white board to illustrate teaching points. Children used the apparatus independently in group work and individually. Connections to real life mathematicsChildren working on addition would make up a story to apply the number bonds they had learned. Those working on subtractions sang number songs involving decrease like 'Five little firemen' to learn about 'one less'. Teachers used mathematics in daily activities. They asked questions like 'How many children are having a school dinner today? And how many are having a packed lunch?' Then the class would arrange counters into patterns to show the number in each group. Teachers also gave children opportunities to count larger sets of objects, which extended their understanding of higher numbers and the structure of the number system.  How did the multi-sensory approach improve achievement?The study found that children's performance in mathematics improved.Children who had used visual structured imagery during the research project showed a dramatic improvement in attainment in Key Stage 1 tests at the end of the year, compared with the results of the previous cohort whose learning had not been supported by the visual apparatus. The higher levels of attainment at Key Stage 1 were sustained year-on-year at the school. The first two cohorts of children also exceeded previous cohorts' scores in Key Stage 2 tests at the end of the phase.  In addition, the school found that:children were drawn to the apparatus, enjoyed working with it and used its structured patterns to show their understanding of number and arithmeticpupils developed confident and positive attitudes to mathematicspupils developed a range of strategies to solve arithmetic problems, rarely relying on counting; andparents recognised their children's success and began to see evidence of their children's understanding of arithmetic at home.ReferenceTacon, R. and Wing, A. (2004) An inclusive multi-sensory approach to teaching arithmetic. National Teacher Research Panel. Available at: http://www.ntrp.org.uk/ Case study 2: Developing writing through movementWe chose this case study because it explores the importance of both gross- and fine-motor movement for developing both handwriting and the content of young children's writing. It took place in an infant school and involved all staff and pupils. Writing had been a focus at the school for many years following an exploration of the French system whereby the youngest children are introduced to 'graphisme' (the art of pattern making) before writing. The staff developed the same fundamental principles in their own setting. The school found that teaching the skills of handwriting using a cursive programme that involved whole-body movements from entry enabled their children to build the cursive script into their writing experiences from the start. Establishing cursive skills at the outset enabled the children to concentrate on creative writing in more depth at Year 2 than previously. The children became more positive about writing, and all children (boys and girls) achieved better than before.Starting pointThe staff began by identifying the basic patterns children needed to learn for letter formation and formulated a progressive teaching programme to ensure that these were taught systematically. Their links with France had offered them the opportunity to understand the benefits of gross motor development (whole-body movements) in preparation for successful writing at a time when gross motor programmes were only used for children with particular identified motor writing difficulties. The teaching programmeStaff emphasised the importance of developing gross-motor movements identified for letter writing (for example, the concept of circular, spiral, ziz-zag movements) and incorporated the approach into the practice for pre-writing for their 4 year olds. The children experienced increased opportunities for physical activity of this nature in preparation for making movements on paper later. The focus shifted from writing in print to developing gross-motor experiences and pattern work to aid improved formation and ultimately a cursive script from the outset.    By experiencing gross-motor movements, kinaesthetic and pen activity work, the children begin to establish correct pattern development which led to improved letter formation and writing of words and sentences in a cursive script. They established good habits and did not form letters inaccurately such as, writing an 'a' as a circle and a vertical line in two movements or an 'n' without the vertical line. Once children were engaged in the programme, the motor memory quickly became automatic - in other words, when a movement is repeated a few times, the hand/eye movements work in conjunction with the brain and become habitual. It was therefore crucial that correct movements were established from the outset to avoid the need for relearning movements and consequently delaying the writing process. Parents were informed at the outset of the school's policy and practice in relation to writing. All parents of new entrants to the school were invited to a session to learn about the school's writing philosophy and experience some of the practical activities of the programme.The impact on the childrenThe main impacts were:national test data at the end of Key Stage 1 showed higher numbers of pupils (boys as well as girls) achieving level 3 in English compared to the local authority and national figuresOfsted commented on the high quality of pupils' writing - that the handwriting was fluent and joined and frequently well-structured and imaginativeteachers found that they could focus on developing their pupils' creative thinking rather than the technicalities of handwritingthe children were confident, motivated writers - they were proud of their achievements and perceived themselves as authors and poetswriting was a positive experience for all children regardless of gender. Boys particularly seemed to benefit from the emphasis on physical experiencesthe children's concentration levels were high not only in writing activities but in other curriculum areas, such as Music and PE; andindividual weaknesses were identified earlier and supported to reduce the need for further intervention. Few children required additional external intervention for motor movements (gross or fine). ReferenceKing, G. (2008) Children writing: shaping words, shaping thoughts. National Teacher Research Panel. Available at: http://www.ntrp.org.uk/ Case study 3: The use of peer- and self-assessment in historyWe chose this case study because it describes how introducing peer- and self-assessment strategies helped to change pupils' perceptions of assessment away from a system whereby the teacher gave or withheld rewards to a process that enabled them to learn. The pupils began to recognise what made a good piece of work and their written work began to improve as a result. The research involved two history teachers from different secondary schools and their Year 7 and Year 8 pupils.  Starting pointAt the start of the project the teachers' interviews with the pupils revealed that they saw assessment as a broadly summative experience - a means by which they could be informed of how well or badly they had managed to carry out the tasks set by the teachers. In other words, assessment was something done by an expert. The pupils had little insight into the process and no control over the outcome other than trying, in a context in which they were ill-informed, to do what the teacher expected. It had little or no perceived function in relation to learning; rather it was a seen as a system of assigning status, of giving or with holding reward. This perspective led to pupils looking only at the mark or grade awarded and ignoring any written or oral comments that were made by the teacher. How the teachers developed their pupils' use of peer- and self-assessment techniquesThe teachers set out to raise standards of achievement for pupils by using the following techniques:sharing the broad learning objectives with the pupils so that they knew what they were trying to achieve; andmaking success criteria clear. To begin with, the teachers explained to the pupils what they should do in order to write high-quality answers. After completing the written task pupils in pairs marked each other's work using a traffic light mark scheme. This involved the pupils in using three different colours (red, amber, green) against the set of criteria to show how well they had achieved during the task. As a result of their marking pupils set targets for improvement that could be applied to a future piece of work.After discussion with each other and with the pupils the teachers modified the materials being used. In order to avoid using too many pieces of paper, pupils were expected to complete their traffic light marking by underlining key features directly onto their own completed work. They also aimed to help pupils better understand the assessment criteria by allowing them to establish the targets in child-friendly language. The teachers then set up a series of lessons which allowed the pupils to be more independent in a three-stage process. The pupils: marked a piece of work together, annotating it to show what made it goodestablished their own 'golden rules' about what should be included in a good piece of work; andcompleted a piece of written work and assessed it using the golden rules, making comments directly onto their own work.The impact using peer- and self-assessment had on the pupilsThe peer-and self-assessment techniques were linked to several learning outcomes. Pupils were able to reflect upon the processes of learning and assessment and were able to recognise for themselves what made a good piece of work.Pupils were able to assess their own work appropriately - they could identify what they could do and also what needed to be improved.Higher standards:  pupils could orally state at least three assessment criteria that would need to be satisfied when completing a comparison of sources question in historypupils were able to talk in a more confident manner about the similarities and differences between sources; andpupils' written work had a much clearer structure and pupils were able to provide examples in their answers and to give supporting evidence for the arguments that they had made. In addition:pupils' confidence in their own ability was enhancedpupils saw assessment as a process in which they legitimately had some involvementpupils believed that their involvement in the assessment process was beneficial in relation to their academic achievements; andpupils believed that they could improve whatever their perceived ability.ReferenceDavies, L. (2006) Investigating the use of peer and self-assessment to improve pupils' performance when writing about historical sources. National Teacher Research Panel. Available at: http://www.ntrp.org.uk/ Case study 4: Raising spelling achievement through peer tutoringWe chose this case study because it shows how a teacher used peer tutoring to help her class learn the spelling of sounds within words and strategies which they could use when they were unsure how to spell a word. Children in a multicultural primary school in London (in which 72 per cent of pupils spoke English as an additional language) worked in pairs to learn the spellings of words in 15-minute sessions, three times a week for six weeks. The project helped the children learn and remember a wide variety of strategies they could use when they were unsure of the spelling of a word. Working together benefited both the tutors and the tutees.How the teacher set up the paired workAt the beginning of the study, the teacher assessed the children's spelling using a standardised test. She then used the results to pair the higher scoring children (the tutors) with the lower scoring children (the tutees). For each spelling session, pupils were given two words to learn which illustrated the phonological rule of the week. She did not make the underlying rule explicit; rather she provided them with the opportunity to actively discover the rule through investigation and discussion. When they had learned the words their teacher had given them, the spellers chose other words they felt would be useful to learn and worked on these with their helper. The tutor assisted the tutee in learning how to spell words, following a ten-step procedure. At the end of each session, the tutor gave the tutee a test to assess the short-term recall of the day's spellings. Each session lasted 15 minutes and ran three times a week for six weeks.The ten steps were:1. Pupils select a word to learn or were given target words;2. Pairs entered the words into their spelling diaries;3. Pairs read the word together;4. Speller and helper choose cues together;5. Pairs repeat cues aloud;6. Speller says cues while helper writes word;7. Helper says cues while speller writes word;8. Speller writes word quickly and says cues aloud;9. Speller writes word quickly; and10. Speller reads word aloud.The teacher demonstrated the ten steps to the class, following a discussion about difficulties the children were having with some spellings. She explained to the children that those who were finding spelling tricky had been paired with somebody who could help them practise and learn different spellings. She repeated the demonstration the following day and put up a poster explaining the cued spelling steps.Whilst the children were working on spelling in their pairs, the teacher focused on one or two pairs of children, asking them about what they were doing and guiding them in making generalisations from the words they were learning to other words with similar characteristics. At the end of the session the teacher invited the children to report back and demonstrate to the class some cues they had found helpful.The impact paired cued spelling project had on the childrenThe teacher noted a marked difference in the children's attitudes from her observations and interviews with the children and the changes were still apparent six months later. Children in the paired cued spelling class were more confident, both about the spellings they knew, and about ways of finding out and learning new spellings. The children made greater independent use of dictionaries and relied less on one another for how to spell a word. When they did ask one another how to spell a word, the other child wrote the spelling down and put a circle around the 'tricky bit' to help their friend remember the spelling. Previously, the children would spell the word out orally, letter by letter. The children in the paired cued spelling class were also able to discuss a wider range of techniques for learning and remembering spellings. For example, they said:'I think of something else that's got that word in it''I learn the word, say if it was similar to something, I could learn it''I would look it up in the dictionary''I'd use it a lot of times'; and'I'd put it up in a room so I could see it and remember it'.Interestingly, as suggested by Montessori, the tutors' spelling attainment continued to improve during the six months after the intervention, whereas the tutees' test scores remained the same as they had been at the end of the intervention period. The teacher suggested that this may have been because the tutors were more able to generalise about new approaches that they used which they could then apply independently. The tutor children had been put in a situation where each session they had to explain and rehearse rules for the benefit of their speller and they were able to hang their new-found techniques onto their already well established knowledge. Although the use of improved skills was not reflected in the tutees' test scores six months later, they were still able to articulate them during interviews and the teacher observed them using the strategies.Reference:Sowerby, J. (1998) Extending children's spelling strategies. National Teacher Research Panel. Available at: http://www.ntrp.org.uk/ Case study 5: Making meaning clear in mathematicsWe chose this case study because it shows how teaching staff at one school set about helping to increase their pupils' familiarity of mathematics vocabulary to enable them to complete worded problems more successfully. The study involved 18 Year 3 pupils with a range of mathematical ability, at a small rural primary school with 99 pupils on roll.Starting pointThe Year 3 staff (one teacher and two teaching assistants) had noticed that often pupils would not attempt to complete worded numeracy problems in test situations; they would usually miss them out in favour of numeric sentences including a mathematical function symbol. Similarly, in lessons that focused on using and applying mathematical knowledge, children would be very de-motivated and some would be quite distressed. Many required a lot of input before they would attempt the questions. Worded problems led to low scores in numeracy tests. Before introducing any teaching interventions, the staff set out to obtain accurate baseline scores for these types of questions, and then interview the children to find out exactly what they thought about worded problems, and why this was the case. When the teacher announced to the children that they were going to have a test with worded problems, there were immediately cries of, 'Oh, no!' from many of the children, and several children became visibly upset. When the papers were handed out, 10 children raised their hands within the first 30 seconds to say they were stuck, and asked for assistance. The staff explained that it wasn't a test for them to worry about; it was just so that they could see what they needed help with and asked all the children to try their best independently.The average score for the test was just 24 per cent. Several of the answer sheets had comments on such as 'I hate maths' written on them, and one child had drawn a cartoon of a sad face, with tears running down its cheeks. When the staff interviewed a sample of the children to identify their feelings and concerns about these types of questions, they found:many children felt quite nervous or scared by worded problems because they perceive them as being very difficult - 'I can read it and read it again, but I just can't figure it out'he children preferred mathematical calculation questions because 'it is more obvious what you have to do'; andquestions frequently contained mathematical words that the children did not understand - 'Why can't they just write it in a number sentence, then I'd know what to do?'Improving the pupils' understanding of mathematics vocabularyIdentifying words meaning a mathematical functionAs the children clearly did not understand many of the words that could mean each mathematical function, the staff felt it important to focus on familiarising them with a wide range of vocabulary. They devised a game whereby groups of children had to make flowers by putting the petals (containing words) onto the correct central flower part by matching the words to the symbol on the centre. They used this game to facilitate discussion about the vocabulary. The results backed up the interview findings that children did not understand the required range of mathematical vocabulary. During the beginning of the session, without teacher input, the following comments were overheard:Is minus add? I don't know.What is difference? Is it add?Is repeated addition times?, No, it's add.'How many more' must be add, because 'more' means add.After the children had all had a go, the staff took each term in turn and decided the correct place for it with the children. This activity highlighted the fact that there was enormous confusion around the range of mathematical vocabulary, much more than the staff had anticipated. They therefore decided to focus initially only on vocabulary meaning add or take away.As a next step, the staff gave out more worded problems and asked the children to highlight the words in the question that told them what to do. They specifically told the children not to answer the questions, just to decide what type of question it was: add, take away, divide or times. Reassuring the children that they did not have to 'do' the question just yet, took away their fear of failing a test, and allowed the staff to continue focusing only on vocabulary. They ended up with questions looking as follows:Gita has 54 Christmas cards to write. She has written 33. How many more need to be written?Selo had 45p, but lost 20p. How much has he got left?The staff discussed these questions with the children to help them see the different ways the vocabulary could be used. Making number sentences out of worded problemsTo take the children to the next step of decoding worded problems, the staff continued with the previous activity, but this time they asked the children to underline the numbers they needed to use, as well as highlighting the words that told them what to do with those numbers. They also asked the children to take this information and write it as a number sentence, but not to actually answer the question yet. They ended up with, for example, the following:The bus is taking 48 children home. At the first stop, 13 children get off. How many are left? (48-13=?)This activity proved to the children that worded problems contain a lot of unnecessary information, and showed them that all they have to do is identify the important information so that they can make a number sentence, with which they feel more comfortable. Once the children had worked out all the number sentences, they were asked to go back and try to answer all the questions, pointing out that they could now 'ignore' all the words, as they had simple number sentences to do instead. Getting the children to write their own worded problemsThe staff asked the children to make a worded problem from two numbers that they provided. The staff provided the numbers for the children to emphasise the quantity of 'irrelevant' information within worded problems. By using the same numbers, they hoped the children would provide a lot of very different-sounding questions that would actually translate to the same number sentence as in these examples:Mrs Hedges has 84 sweets and she eats 53. How many sweets has she got left? (84-53)The aquarium has 84 fish in a tank and they sell 53. How many are in the tank now? (84-53)What was the effect of improving the pupils' understanding of mathematical vocabulary? At the end of the intervention period, the staff asked the children to complete another word problem test. This time the children did not complain at all, they took it in their stride. All of the children attempted all of the questions indicating a vast impact on their confidence to have a go. The average score dramatically increased from an average of 24 to 83 per cent (the lowest score was 63 per cent and the highest was 100 per cent).It was also apparent that in the majority of cases where the answer given was wrong, all the correct information had been identified; a correct number sentence had been given, but a mathematical error meant that the mark was missed. Although on these occasions a mark could not be given, it was apparent that the children had gained the necessary skills and confidence to decode worded problems.ReferenceMattley, C., Hedges, R. and Hession, H. (2009) How can we improve the confidence of pupils so that they will have a logical attempt to complete a worded numeracy problem? Full case study available on request from: info@curee.co.ukCase study 6: Stories as contexts for mathematics learningWe chose this case study because it shows how a teacher introduced a historical context - which involved story telling - into her teaching of mathematics. Knowing the historical background made the acquisition of mathematical skills more meaningful to her pupils.Starting pointHaving started to introduce historical context into her teaching of mathematics in a small way, the teacher realised that her pupils gained many benefits from this approach:they seemed to remember the mathematical skill and its application better when they learnt about the context in which the skills were first usedthe acquisition of mathematical skills became more meaningful when the pupils knew the historical backgroundthe pupils started making links between mathematical concepts, between the historical developments and the personalities they learnt about; andthe pupils were able to identify with the role models and gained greater motivation for the learning of the subject.The teacher therefore aimed to produce a resource base in the history of mathematics with worksheets and practical guidance to place Key Stages 3 and 4 mathematics topics into a wider historical context. The strategies the teacher used to teach mathematics in its historical contextThe teacher used three main strategies:learning a skill through worksheets which explained skills in their historical contextstory telling about mathematicians, the geography of mathematical discoveries, and about great national and international collaborations or competitions between mathematicians; andthrough research-based activities in whole-class teaching and through themed homeworks - finding about a skill, mathematician, or the meaning of a mathematical term.At Key Stage 3, the pupils' projects aimed to link more than one topic and lead to an investigative task. Key Stage 4 pupils were given projects as preparation for their GCSE investigative work: for statistics coursework they participated in the Cryptography project; andfor the number coursework they had two projects to choose from - Numerals and The Development of Algebra and Algebraic Symbols.An example - the historical context of 'proof' A project to understand the meaning of 'proof' began by showing the importance Greeks gave to the development of geometry. This led to exploring famous mathematicians, and famous places. The teacher started by talking with the class about Euclid and his Elements, showing the first edition of the Elements (which was the first pop-up book in English) and talking about Alexandria (which is where Euclid lived) and some other famous mathematicians who lived there. Euclid's Elements were then looked at again, and some theorems investigated, before a closer examination of Pythagoras' theorem was made. This led to the life of Pythagoras, his school of mathematics, and his travels to Egypt. Pupils were asked to map their understanding of proof by finding more about Euclid, Alexandria and its famous mathematicians, Pythagoras, his school, and the origin of his theorem.The effect becoming familiar with the historical context had on the pupilsThe pupils found some topics more interesting than others and what adults seemed to find more interesting was not always what the children did. For example, the favourite pages and worksheets seemed to be those that describe excesses in some way - the largest prime, the many thousands of decimal places of irrational numbers, as well as the more gory details about personal stories of mathematicians' lives. Although this could sound trivial, many more pupils in the school knew what Pi is and where it is used than before the project began.The project also showed that there is a lapse of time between introducing this approach and seeing the benefits both in terms of increased pupil understanding and improved achievement. But questionnaires and interviews showed that the motivation of the pupils who participated in this project progressively increased:pupils found it easier and more interesting to complete work at home than before and because they took greater responsibility for their learning, they found it more enjoyableundertaking their own investigations and producing material led to a rise in pupils' confidence in mathematics and in understanding of the topics they were learning aboutas most of the investigation based projects involved pupils in sharing and discussing their findings with the class, their communication skills increased. ReferenceLawrence, S. (2004): Maths is good for you: Teaching mathematics in a historical context. National Teacher Research Panel. Available at: http://www.ntrp.org.uk/ The project website which contains materials and resources for the teaching and learning of mathematics in a historical context is at: www.mathsisgoodforyou.comBack to topFurther readingMaria Montessori: The secret of childhoodMaria Montessori: Discovery of the ChildMaria Montessori: The Absorbent Mind Dr. Montessori's Own Handbook IllustratedMaria Montessori's Own Handbook: A Short Guide to Her Ideas and MaterialsStanding, E.M. (1957) Maria Montessori: Her Life and WorkLillard, A. and Else-Quest, N. (2006) 'Evaluating Montessori Education' Science, 313, pp, 1893-1894Related TLA research summary summariesAssessment for learning: putting it into practicePromoting students' persistence in meeting challengesRaising achievement through group workResearching effective pedagogy in the early yearsSecondary school mathematicsTransforming teaching and learning with ICTRelated research summariesEngaging ADHD students in tasks with hand gesturesHand gestures say more than you think (NERF Bulletin, issue 2)Peer tutoring in writing Praising the person or what they doImproving group work among primary pupilsResourcesMaterials and resources for the teaching and learning of mathematics in a historical context: Maths is good for you The Montessori FoundationTeachers TV Proven to work - Hand gesturesTeachers TV Proven to work - Specific praiseTeachers TV Proven to work - Collaborative enquiryTeachers TV Proven to work - Independent group workBack to topAppraisalRobustnessLillard's book sets out to examine and synthesise recent psychological and educational research in support of Montessori theory and practice. She identified eight principles of Montessori education and devoted a chapter to each. She drew together some key pieces of research that are consistent with it (pointing out any weaknesses with particular studies or angles that have not been researched), and explained how each principle is applied in the classroom. In so doing, she contrasts Montessori philosophy and methods with what she refers to as 'traditional education', which she equates with American 'factory-style' schooling that sees children as empty vessels waiting to be filled. The first Montessori principle (principle 1) that Lillard explored is that movement and thinking are closely intertwined and that physical movement can enhance thinking and learning. Lillard supported this principle with studies that show that people make faster judgements and more accurately remember information when their movements align with what they are thinking about or learning. The principle of movement and thinking relates to some of probably the most well-known components of Montessori education - the practical life exercises (for example pouring, polishing, tying and buttoning), sensorial materials (for example sound cylinders) and mathematics materials (for example binomial and trinomial cubes).The next three principles concern issues of pupil motivation:learning is improved when people have choice and a sense of control over their lives (principle 2)personal interest enhances learning in a context where interests build on prior knowledge and the children's own questions (principle 3); andextrinsic rewards have a negative impact on motivation and learning in the long term (principle 4). Lillard provided much evidence supporting these principles. For example, research shows that people learn and remember better, solve tasks better and opt to engage in tasks more and longer when they think they have more control and that interest affects a range of factors ranging from grades and self-esteem to motivation in a range of subjects from history to biology. Research also shows that interest in an activity is best sustained when extrinsic rewards are not used.Principle 5 - that working with peers is conducive to learning - is supported by a strong body of studies concerning peer tutoring and collaborative learning. It is often (falsely) believed that Montessori education emphasises children working alone. Lillard presents research that shows the many ways that children have been shown to learn from others through observation, imitation, tutoring or being tutored and working in collaborative small groups. Montessori education increases child-child collaboration through vertical age groupings that encourage older/younger nurturing and teaching and the relatively large class size that increases child/child contact.There is strong evidence in support of principle 6 - that learning is situated in and connected to meaningful contexts is more effective than learning in abstract contexts. The scope of the Montessori curriculum ensures that new lessons build on past ones and also on children's curiosity and connect classroom experiences to the real world to make learning meaningful. Principle 7 - that sensitive and responsive teaching is associated with better outcomes - is supported by strong evidence from recent studies on social-emotional development, such as parenting styles which indicate that children benefit from adult guidance that is high in warmth and firm, but flexible. Research in support of principle 8 about order in the environment indicates the benefits of routines for children and the negative effects of noise. Montessori classrooms are very orderly and prepared with regard to spatial arrangement and organised use of materials.RelevanceThis book is relevant to teachers and parents who have heard of Montessori, but who are uncertain of what her teaching and learning methods involve, and/or who are familiar with Montessori practices, but are interested in exploring research evidence that shows why her methods are effective. While Montessori methods are usually associated with early years, any teachers (including primary and secondary) interested in reading what psychology research says about learning and development and how to use it to improve teaching effectiveness will find the exploration of her ideas helpful for their practice.ApplicabilityThe book shows the importance for learning of giving pupils the opportunity to:move around and do practical activities;make choices while having boundaries in place to enable choices to be manageable; andlearn with and from each other.The book also suggests the value of teachers:reviewing the effectiveness of reward systems they currently use, working without rewards and reflecting on the effects of doing so, and making greater use of strategies such as peer and self assessmentcarefully observing pupils' reaction to activities; andgetting together to plan the curriculum in ways that ensure that what pupils learn in one area can be transferred to another and use stories as contexts for learning.WritingThe book is well organised and written in an engaging style that includes vivid descriptions of Montessori teaching and learning practices and accessible explanations of the complex theory that underlies Montessori practice. Back to top
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