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Researching the impact of a carefully designed scheme of work on pupils’ use of misconceptions in Decimals and associated assessment for learning.


This essay will address the common misconceptions experienced by children on the mathematical topic of Decimals. This research has been conducted by myself whilst at my second professional teaching placement -School X.
School X is a well-established Secondary School situated in Swansea. There are currently 1200 pupils attending School X ranging from KS3 to sixth form. This investigation was performed with a year 7 (ages 11-12), band C class. There are twenty-five pupils in the class consisting of seventeen boys and eight girls. This particular class was chosen for the research project as the pupils have recently moved up from Primary School in the September, and it was essential   to test the range of abilities in the class, to identify if they had grasped the fundamentals of decimals. The topic of decimal numbers was also on School X’s current scheme of work, which was an obvious choice for a natural progression and less disruption.  Therefore, the subject of decimal numbers was decided upon for my research project. Decimal numbers are extremely important, not only in mathematics but in real life situations such as dealing with money and for performing measurement. It is paramount for all pupils to comprehend decimals to ensure that they are able to confidently use them throughout their lives. The first stage of this research will be to analyse the available academic literature.

There is a wealth of academic knowledge on the subject of mathematical misconceptions. A consensus exists among authors such as Chambers and Timlin (2013) and Swan (2001) that a misconception is inherently different to a mistake. Mistakes are often attributable to carelessness, lapses of concentration and incorrect reading.  In contrast, misconceptions arise where the student has misleading ideas as to the solution of a mathematical problem.
Misconceptions can also occur when a pupil misapplies a concept. Another idiosyncratic feature of misconceptions is that they tend to occur frequently, in contrast to a mistake, which tends to be a ‘one off’. Swan (2001) also asserts that misconceptions cannot be avoided, and he even goes as far as to say that it is a natural stage in the development of learning.
This analysis will seek to clarify the meaning of misconception and show its impact on pupils understanding of decimalisation. Particular attention will be payed to the comprehensive work of Stacy and Stein (1998). Finally, an examination will be made on how teachers can change their teaching style to help pupils become aware of misconceptions and at the same time enhance their learning experience.

Paul Chambers and Robert Timlin (2013) in their comprehensive work, state that misconceptions are simply systematic errors. More accurately, they articulate that whilst misconceptions always result in wrong answers being given, pupils can employ a logical reason for this understanding. This shows the importance of teacher interaction, without which, the same errors will be repeated again and again. Chambers and Timlin (2013) provide comprehensive examples on why pupils have typically misconceived decimalisation. In their example, they provide qualitative evidence of a typical early stage misconception that pupils tend to make. This is a belief that if you multiply a number by ten, you simply add a zero on the end. They show that whilst this is true for an integer, it is an incorrect way to understand decimals. Maria Goulding (1987) also shows through a number of pertinent examples, that misconceptions can have a serious impact on pupil behaviour. Exemplifying this, is that when pupils appear slow in picking up decimalisation, teachers often make the mistake that students are ‘playing up’ rather than seeing it as a general difficultly. Goulding (1987) highlights that the unwary or unexperienced teacher really needs to listen to pupils and take time to resolve misunderstandings. The topic of misconceptions in mathematics is also addressed by Askew and Wilian (1995), who have used qualitative and quantitative evidence to show that pupils constantly invent rules to explain what they see around them.

Now that we have identified what defines a misconception, it is necessary to look at them in a typical classroom environment. Howard Tanner and Sonia Jones (2000) provide a comprehensive analysis of the common misconceptions that are made. Their findings are particularly useful, as it is set around the teaching of decimalisation. What is particularly important is their use of case studies. Their first examples concern how pupils understand decimal notation where it is shown vertically.

Example
6.25
-      4
____
(Foxman 1985, Tanner and Jones, page 74)

Tanner and Jones (2000) show that 28% of pupils actually get the answer correct when it is shown in the above format. The rest of the learners ignore the decimal place and wrongly line up the digits. The work of Foxman (1985) demonstrates, however, that if the figures were formatted horizontally as in 6.25 – 4 = 2.25, then an amazing 88% of pupils get the right answer (Foxman 1985:68). This clearly shows the importance of format, as an important tool in the teacher’s arsenal. Other misconceptions highlighted by Foxman (1985) are the correct position of the decimal point. He shows that two wrong answers are possible with the following decimal calculation.
(5.07 – 1.3 =). (Foxman 1985:77)
Foxman (1985:77) shows that this question can be interpreted in a number of ways (5-1) and (07-3) = 4.04) or (5-1) and (7-3) = 4.4.

Using quantitative evidence from eleven-year olds he articulates that only a third of pupils will get the correct answer. What this analysis shows, is that teachers must strive to provide information in a clear and easily discernible format. Most importantly they must strive to show pupils how to avoid common errors. It is interesting to note, that Tanner and Jones (2000), show that if mathematical examples are based on real life situations such as money, rather than a theoretical concept, then their understanding is enhanced. Whilst Tanner and Jones (2000) work is persuasive, we should also take on board the methodological findings Piaget (1971) and Longfield (2009). Both sets of authors provide a highly theoretical consensus, that suggest that the way we learn, helps us to understanding how misconceptions arise. Piaget (1971) further contends that pupils are highly motivated to misinterpret information if it conflicts with their naive understanding of a topic. Longfield (2009) is also very persuasive when he states that new information is better absorbed when it is interrelated with something that is already known. This has big ramifications with the teaching of topics like decimalisation. The teacher should strive to conduct lessons in a way that builds upon learners existing knowledge. The teacher also needs to quickly address common misconceptions before further learning can occur.  Also, key to addressing Piaget’s concerns, is that students need to be made quickly aware of any deficiencies in their current way of thinking before they can assimilate any new knowledge. It is also pertinent at this stage, to consider Tanner and Jones’ (2000) suggestion, that topics need to be made interesting and informative in order to be a catalyst for change. Furthermore, just because a pupil gets an answer correct, does not in itself mean they have complete understanding of a concept. They contend that the excellent teacher will try to zone in on pupils’ misunderstandings before the lesson begins.

It is also necessary to give credence to the work of Chambers and Timlin (2013) who construe that misconceptions often arise from what they class as ‘short term learning’. This occurs when a pupil is only able to follow the correct method for a short space of time. Then, what typically occurs, one or two lessons later when the subject topic is revisited, is that pupils revert to an incorrect understanding. This shows to be effective, mathematics teachers must think carefully and be mindful of how topics are introduced and the constant need for repetition to get pupils to assimilate key concepts.

Stacey and Steinie (1998) in their comprehensive work show a raft of qualitative and quantitative evidence regarding common misconceptions with regard to decimal numbers.
Although their work is based on an Australian educational environment, it still has relevance for a British school system and the way pupils understand decimalisation.
Stacey and Steinie (1998) group misconceptions into three categories. The first category is the “longer is larger misconceptions”. This is where students exhibit long number thinking. Pupils who adopt this learning pattern, consider that numbers after a decimal point are in effect another whole number. They provide quantitative evidence which shows that typically as much as 30% of year 5 students follow this pattern. Underlining this method are students who think a decimal such 2.34 and 2.7 are not numbers between 2 and 3 but are in effect separated whole numbers such as 34 and 7. Another attribute to the “longer is larger” misconception is the “zero makes small thinking”.  These pupils find it incomprehensible the idea that a decimal is a “fractional part”.  Finally, reverse thinking pupils will typically consider that 0.43 is larger than 0.5. Their reverse thinking would attest to the fact 43 is bigger than 5. [ All statistical data taken from Stacey and Steinie, 1998, Melbourne Website]

Another common issue picked up by Stacey and Steinie (1998), is the “shorter is larger misconceptions”. One facet of this is denominator focussed thinking. Pupils displaying this trait would have an inability to understand the numerator and denominator of a fraction. They would consequently pick shorter decimals to be a larger number.  Whilst they would understand, the example that 0.2 = 2 tenths and 0.64 = 64 hundredths, they would also conceive that tenths are larger than hundredths. They would consequently and incorrectly assert that 0.2 is greater than 0.64, because they split the decimal up into parts (the tenths and hundredths). The authors of this research, state that in their experience, approximately 10% of the student population exhibit this tendency. Another element of this “shorter is larger misconceptions” is reciprocal thinking.  An example below shows the common misunderstandings these pupils have.  They know that 34< 4567, so they think 1/34 > 1/4567; so, they assume 0.34 > 0.4567.
With regards to this learning pattern, Hiebert (1995) and Carpenter et al show, using a multiply choice question, that when students were asked for the decimal equivalent of 1/5 only 38% of pupils could correctly identify that it was 0.2. An equal 38%, surprisingly concluded it was 0.5. Another element of the “shorter is larger misconception”, is that of negative thinking. Irwrn (1996) shows that pupils who exhibited this characteristic became confused with negatives and decimals. He gives an example of a year 7/8 pupil called Elizabeth who put the number 1.149 and 0.65 on a number line in position -0.149 and -0.65. Another characteristic of negative thinking is that students have simply forgotten older knowledge concerning the decimal fraction line. Statistical evidence provided by Stacy and Steine (1998), demonstrates that 5% to 8% of year 5 to 10 students exhibit this inherent behaviour. Finally, Stacey and Steine (1998) also show that misconceptions also arises due to what they note as apparent “EXPERT BEHAVIOUR”. Many of the pupils in this category understand rules but have specific difficulties with zero or what they describe as money thinking.   These money thinking pupils tend to have good understanding of one and two decimal places but have trouble with numbers exceeding those number of digits. [ All statistical data taken from Stacey and Steinie, 1998, Melbourne Website].


Stacy and Steinie’s work is pertinent because misconceptions are difficult to detect and their breakdown into categories help teachers to understand the difficulties that their pupils face. However, whilst Stacy and Steinie’s (1998) works is very comprehensive and allows teachers to identify pupils’ misconceptions in a coherent manner, it does not fully address how teachers can resolve this issue. In an article in the Times Education Supplement (2017), the author suggests that teachers use more visual aids because pupils understand better with this medium. Also, the teaching of decimals should proceed that of lessons on fractions.  They also place importance on the language that is used by a teacher. Derek Hayloch and Ann Cockburn (1989) conceptualise these attributes in their visual tool kit. This provides teachers with an arsenal of different ways that teachers can enhance the learning experience and thereby reduce misconceptions.
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They suggest that all four elements need to be properly connected to facilitate pupil understanding. [ image developed by Derek Haylock and Anne Cockburn, cited Kingsbridge Community College Website]
One further authority to note is Cindy Jong (2017) et all in the Ohio journal of mathematics who states that misconceptions need to be identified at an early stage in the pupils’ development if they are to be properly addressed.  From theses plethora of authorities, it can be asserted, that doing nothing is not an option for a teacher that wants to get the best out of his or her students.	Comment by Adrian Davis: Try and be consistent with your use of apostrophes.	Comment by Hannah Turner: 

Other authorities such as Almeida (2017) build on the above analysis and advocate the adoption of a diagnostic teaching method. This approach means that pupils take a much more prominent role in facilitating their understanding of their concepts. This would be achieved by the learner taking a much more active role in classroom discussion and having an environment where they are not afraid to articulate their thoughts. Almeida (2017), even goes as far as to suggest that there should be a template for diagnostic teaching. To achieve this, he suggests a combination of both small group discussion and wider discussion with the class as a whole. The key above all else is both the use of feedback from teacher to pupil and vice versa. Particular importance must be placed on a judgement free and non-threatening environment so that ideas and concepts can emerge naturally. David F Treagust (1988) 159-156 also advocates the use of multiple choice tests as a diagnostic tool to help identify misconceptions.

From the evidence undertaken in this literature review, we have demonstrated that misconceptions in learning and teaching are a wide concept with a variety of methodological interpretations. It is imperative that teachers fully understand its impact on pupil behaviour and the way that pupils interpret information. A vast array of quantitative and qualitative evidence has been used to show that pupils’ misconception cannot be easily categorised and there is a wealth of differentiated models that can be assigned to the way pupils comprehend and learn. The work of Stacy and Steinie (1998) is particularly important, in order to show the idiosyncratic difficulties that pupils face. The teacher is better informed on the strategies they can adopt, especially when this analysis is combined with the work of Piaget (1971), Chambers and Timlin (2013). Excellence in teaching can only be achieved by zoning in on misunderstandings, being properly prepared and avoiding short term learning.  Teachers should be mindful of how topics should be introduced and the necessity for repetition to instil key elements of knowledge.  A final point, is that the use of diagnostic teaching is highly recommended where pupils actively contribute to solutions. Teachers must also be prepared to give feedback if they identify misconceptions. This should be done in a non-threatening and judgement free environment.



Methodologies

In order to explore the basis of the research question posed, I have decided to use the method of a ‘pretest’ to investigate any misconceptions that occurred within the year 7 class. Once, the pre-test had been completed and marked by myself, I would then start the ‘intervention stage’ which would consist of a series of lessons that would revisit the area of decimalisation in more depth. These lessons would hopefully correct any misunderstandings experienced by the pupils and ensure that they would have a greater understanding. This would help enable them to reach their full potential. I will then test the pupil’s knowledge again, by the use of a ‘post-test’. This ‘post-test’ will consist of the repeat questions used in the ‘pre-test’. I will then be able to compare the results of the ‘pre–test’ and the ‘post-test’ in order to determine if the pupils have improved on their marks. If their marks have improved, this would imply that the pupils have a better understanding of decimalisation and that misconceptions have been reduced and corrected. This would then show if the intervention was successful. However, if there was no difference or if there was a slight decrease in the average mark, that would show that no misconceptions have been corrected and therefore the intervention was unsuccessful.

[image: ../../../Desktop/Screen%20Shot%202018-04-22%20at%2014.42.33.png]Before creating the questions that will be used in the pre and post-test, I initially had to explore the Scheme of work established by ‘School X’ for the year 7 band C class.
The Scheme of work was designed for the year 7 class, on the chosen research topic of decimals and numbers, based on the Welsh National Curriculum, which I have illustrated above. This concentrated on the pupils revising the basics from primary school on topics such as reading and writing numbers. This element of work also included how to add and subtract decimals. With the scheme of work and chosen literature in mind I was able to design the pre and post-test.

In light of one’s evaluation, I used the tool of a fifteen-minute pre-test to identify any misconceptions within my year 7 class. The pre-test consisted of three carefully designed questions that will challenge pupils’ prior knowledge from primary school and indicate if any students have any decimal misconceptions.

With reference to question one of the pre-test pupils were asked to circle the largest number in the sequence. I felt that it was necessary to create such a question after reading the work of Stacey and Steinie (1998), where it was established that pupils create misconceptions between larger number thinking.	Comment by Adrian Davis: This sentence would benefit from a rewrite.	Comment by Hannah Turner: 
This question was divided into four sub questions, characterised by: a, b, c, and d. Each question consisted of three varying decimal number sequences in which the pupils were asked to identify the largest number in the sequence as illustrated below.

Question 1.
Circle the largest number:

a. 0.20             0.5              0.7
b. 2.3               1.2             2.23
c. 1.4               1.04          1
d. 4.375           4.69          4.1

In examining question one part (a) and with reference to Stacey and Steinie’s (1998) work based on the ‘larger is longer’ misconceptions, the pupils might circle the decimal 0.20 as being the largest number. Underlining this method, even though the decimal 0.20 is the smallest in the sequence, the pupils may recognise that the units’ column for these three decimals have the same value zero and therefore may visualise the ’20’ as being a larger number than the ‘5’ and ‘7’.

Question one part (b), was created in a similar way to focus on the ‘larger is longer’ misconception. However, within this sub question, the units’ column had varying numbers. Therefore, pupils would need to recognise that the decimal 1.2 is smaller than the decimals 2.3 and 2.23. The pupils may circle the decimal 2.23 as being the largest number as they would visualise ’23’ as being a larger number than ‘3’.

Question one part (c), was created in a similar way to part (a) as the three decimal numbers used in the new sequence all have an equal value of one. This time, I used the decimals 1.4 and 1.04, as I wanted to determine if some pupils would regard these decimals as having an equal value. This may be undertaken by some pupils who ignore the value of 0 in the decimal 1.04, thus making it 1.4. Therefore, by this thought process, some
pupils may either circle both 1.4 and 1.04 as being the bigger number or may get confused and just circle the whole number 1.

Question one part (d), again focuses on the ‘larger is longer’ misconception where the decimals in the sequence all have an equal digit column value of 4. Therefore, even though the decimal 4.375 is not the largest number in the sequence, some pupils may visualise that ‘375’ as being a larger number than ‘69’ and ‘1’.

With reference to question two of the pre-test, pupils were asked to continue the numbers in the sequences provided. I felt that it was necessary to create such a question after reading the work of Stacey and Steinie (1998), where it was established that pupils create misconceptions between decimals and money thinking.
This example was divided into three sub questions, characterised by: a, b, and c. Each question consisted of three decimals which belonged to a particular sequence. The pupils were then asked to recognise the sequence being used and to continue the next three terms belonging to each sequence as shown below.

Question 2.
Continue these sequences:

a. 0.7,   0.8,   0.9,   ____ , ____ , _____
b. 0.44,  0.43,   0.42, ____ , ____ , _____
c. 1.96,  1.97,  1.98,  _____ , _____ , _____

With regards to question 2 part (a) and with relation to Stacey and Steinie’s (1998) work based on how pupils have a strong mind-set about decimals and their relationship to money, it may be asserted that some pupils may recognise the sequence as being the same as 7 pence, 8 pence and 9 pence. Therefore, some pupils would identify the sequence as increasing by 1 pence at a time, this would consequently lead to some pupils assuming that the next three terms as being 10p, 11p and 12p written in decimal form as 0.10, 0.11 and 0.12. Rather than the correct method of increasing the tenths column by one resulting in the units’ column to be increased, leading to the correct answers of 1, 1.1 and 1.2.

Question two, part (b) again, similar to the first sequence, is examining how pupils relate decimals to money. However, this time, by taking the approach of converting decimals to money implying 0.44 as 44p, 0.43 as 43p and 0.42 as 42p, would in fact lead some of the pupils to the correct pattern of decreasing the hundredths column by 1. Therefore, the resultant terms in the sequence would be 41p, 40p and 39p. In decimal format this would be 0.41, 0.40 and 0.39. This consequently may cause some pupils questioning their answer to sub question part (a).

Question two, part (c), has been constructed to identify those pupils who are the ‘larger is longer’ thinkers.  Some pupils may recognise the correct sequence pattern of increasing the hundredths column by 1 and therefore will assume that the next three decimals will be 1.99, 1.100 and 1.101.
Other students may tackle this sequence again in terms of ‘money thinking’ and will convert the decimals into money taking such form as £1.96, £1.97 and £1.98. Again, some pupils may recognise the correct sequence pattern of increasing the hundredths column by 1 or in in terms of money thinking ‘ by increasing the sequence by 1 pence’. Therefore, they will be able to correctly identify the next three terms as being £1.99, £2 and £2.01 written in decimal form as 1.99, 2 and 2.01.

With reference to question three of the pre-test, pupils were asked to solve a number of decimal calculations in relation to addition and multiplication. I considered it was prudent to create such a question after reading the work of authors such as Foxman (1985) and Howard Tanner and Sonia Jones (2000). These authors established that pupils create misconceptions when decimal questions are presented in a horizontal format. The area of adding and multiplying decimals was also on the current Scheme of Work for the pupils and therefore was integral to be included this area in my test.
This question was divided into three sub questions, characterised by: (a),( b), and (c).
Each question consisted of a decimal calculation which was presented in a horizontal format, but space on the test was made available for any pupils who wished to set their calculation out vertically. The pupils were then asked to solve the following questions as illustrated below.

Question 3
Calculate the following:

a. 5.5 + 2.5 =
b. 0.45 + 3.14 =
c. 6.7 x 10 =

With regard to Question 3 part (a) and paying particular attention to the work of Foxman (1985), if  5.5 + 2.5 is laid out in a horizontal layout, I would expect to see three varied answers with a number of misconceptions.  Some year 7 pupils may split the decimals into units and tenths. Other pupils may add two units together for example:   5 + 2  = 7 and then the tenths together 5 + 5 =10  and this will ultimately  result in an incorrect answer of 7.10 .
In a similar way to the first answer, some pupils may add the ‘imaginary zero’ on to the decimal numbers forming the new numbers most typically 5.50 and 2.50. Subsequently, by adding up the two columns separately for example: 5 + 2 = 7 and 50 + 50 = 100 will result in an overall incorrect answer of 7.100.
I found the vertical format most effective in avoiding misconception exemplified as follows:
5 . 5
+ 2 . 5
8 . 0
1

they would see that the correct answer was 8.0.

Question 3 part (b), was very similar to part (a) and I expected to see a number of pupils again to spilt up and add the corresponding decimal parts, ‘units’, ‘tenths’ and ‘hundredths’.  For example, the units 0 + 3 = 3, the tenths 4 + 1 = 5 and the hundredths 5 + 5 = 9 resulting in the correct answer 3.59.  I decided to use this question, as it would create a discussion amongst the class on how the method can work for some decimals and not for others.

In Question 3 part (c), I would expect the pupils to multiply the decimal 6.7 by 10. Some pupils are obviously familiar with the trick that if you multiply a whole number by 10 you simply add a zero on to the end of the number, for example 67 x 10 = 670. However, they do not grasp that by multiplying by ten we are making the number ten times bigger. This consequently means we shift all the numbers up a column. Therefore, I would expect to see this misconception answer of 6.70.



Benefits and Limitations to the methodologies

There is a wealth of academic literature on the subject of research methods in Education. Amongst these, is the work by author Louis Cohen (2007) et el, in his book ‘research methods in education’. He asserts that there are many benefits to using the method of a pretest to investigate a research question in Education. One benefit of using this testing method, is that it enables me to be in full control of what I want to get out of the test.
Another benefit to using a pre-test with a single set class, is that all pupils’ abilities have already been tested by the school. This is evidenced by the fact that pupils have been appropriately put into sets. The advantage of sets is that it enables pupils to work at the correct pace, and to specifically target work for their range of ability.
The limitations of my research, includes the restriction of the sample size I will use compared to the academic sample. It is also important to consider that some of the answers on the pre-test might be general mistakes rather than misconceptions.
Once the pretest has been completed by the year 7 pupils and has been marked by myself, I will then begin the next stage of my research which will be the intervention.

The intervention stage will consist of a series of two lessons which will cover the decimal areas associated in the pre-test, therefore targeting the misconceptions that some of the pupils may have. It is important that when planning the intervention lessons that I focus on a range of Assessment for Learning (AFL) tools, which will enable me to examine the pupils understanding throughout the lessons.  This will enable me to determine what stage they are at in their own learning. With reference to Black and William (1998a, 1998b page 125 chambers) who assert that there is strong evidence to suggest that the use of good formative assessment leads to effective teaching and learning. Therefore, I must assess my learners’ processes and understanding thoroughly throughout the intervention stage, to ensure that I enhance the learning experience had by all and to verify that any previous misconceptions are minimalized and corrected. The assessment reform group (1999)
insist that to enhance the learning experience had by pupils during the lesson depends on the following assessment elements: pupils need time to evaluate their work independently or by peer marking; by providing the pupils with either verbal or written feedback during the lesson, by allowing the pupils to have the opportunity to contribute to their learning; planning lessons which have been derived from previous feedback and by allowing the pupils time to evaluate their learning in order for them to progress. [The assessment reform group (1999), cited in Chambers and Timlin]
By including relevant and regular assessment opportunities during my lesson will enable me to evaluate the effectiveness of my intervention within the classroom.

Responsibilities

With educational research comes teacher and student responsibilities. Throughout the investigation of researching my chosen question, I must ensure that the safety of all of my pupils and fellow staff are my highest priority. Therefore, the anonymity of both school and pupil’s identities must be strictly confidential.

Following the guidelines put in place by the British Educational Research Association (BERA), I have followed the procedures of “Voluntary Informed Consent”, by informing the year 7 pupils of my research and by gaining their written agreement of participation, with their acknowledgement that they can withdraw at any time.
Also, by following the guideline of ‘Privacy’, I have been able to keep the year 7 pupil’s data anonymous by distributing ‘identification numbers’ to the comparison tests in order to keep their identity’s hidden. When working within the legal requirements, I have stored my research data under a folder which requires a passcode, therefore operating securely within the Data Protection Act (1998).

Analysis of pre-test data

The pre- test was given to the year 7 pupils to complete under strict test conditions on Tuesday the 6th of March 2018. By analysing the pre-test answers, I was able to identify any misconceptions within the class and then was able to start planning resources and techniques that could be used during the lessons to resolve these misunderstandings.

Question 1, asked the pupils to circle the decimal that they felt was the biggest number in the sequence.
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By examining the pupils results for question 1 part (a), I was able to create the above graph to represent their answers. As you can see from the graph above, the majority 68% of the students circled 0.20 as being the biggest number. In contrast, only 28% of the class were able to correctly identify that 0.7 was the biggest number. Therefore, from this result, I was able to conclude that the majority of the pupils had what Stacey and Steinie (1998) would note as the ‘longer is larger’ misconception. This is caused by pupils visualizing the number ‘20’ as being a larger number than ‘5’ and ‘7’.
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Again, asking the pupils to circle the biggest decimal number in the sequence only a third of the class were able to correctly identify the number as 2.3. A massive 62.5% of the class circled the number 2.23. Again, identifying the ‘larger is longer’ misconception by visualising that ‘23’ is a larger number than ‘2’ and ‘3’. One pupil in the class circled the number 1.2 as being the largest. This pupil did not take into account the value of the unit’s column, therefore, circled the decimal 1.2 which is actually the smallest number in the pattern of numbers.
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By examining the results for question 1, part (c) the majority of the class with an average of 58% circled the correct answer of 1.4 as being the largest number in the pattern. Therefore, these pupils identified the importance of the zero digit in the number 1.04 enabling them to recognise that 1.4 is larger than 1.04. However, 37.5% of the pupils circled 1 as being the largest number. This result highlights that pupils do not recognise the importance of the numbers which come after the decimal place. Again, one pupil circled the number 1.04.
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For question 1 part (d), only 25% were able to correctly identify the correct answer of 1.69 as being the largest number out of the given numbers. This resulted in the majority of the class at 66.6% of the pupils circling the number 4.375 as the largest number. This again shows the misconception that Stacey and Steinie (1998) articulated as the ‘longer is larger’ misconception, as the pupils must have visualized that the number ‘375’ as being a larger number than ’69’ and ‘1’. There were also two pupils who circled the number 4.1 as the largest number. This misconception identified by Stacey and Steinie (1998) is the ‘shorter is larger’ misconception. This is where pupils would recognise 4.1 as having = 1 tenths and 4.69 as having 69 hundredths. This would lead pupils to conceiving that tenths are larger than hundredths. They would then consequently incorrectly assert that 4.1 is greater than 4.69.

Therefore, by evaluating the year 7 answers for question 1 and analysing the work of Stacey and Steinie (1998), I have been able to identify that the pupils do have common misconceptions on the mathematical concept of decimalisation. With only five out of the twenty-four pupils in the class obtaining one hundred percent in the pre-test question 1, it was clear to me that the majority of the pupils had not grasped the foundations of decimal number work from primary school. Consequently, in order to correct this knowledge, it was paramount that I remind the pupils of the importance of decimal place value when teaching.

Question 2.

With reference to question two of the pre-test, pupils were asked to continue the numbers in the sequences provided. Pupils had to recognise the pattern and then continue the next three terms in the sequence.

With regards to question 2 part (a) which was to continue the sequence 0.7, 0.8 and 0.9, this question was answered correctly by only 42 % of the pupils whose answers were 1.0 , 1.1 and 1.2. Consequently, the other 58% of the class answered incorrectly. The majority at 42% of the pupils gave incorrect answers such as 0.10 , 0.11 and 0.12.  Following on from this answer, a small 8% answered with the continued terms 10, 11 and 12. From examining these answers, it was clear to conclude that these pupils have what Stacey and Steinie (1998) refer to as the ‘money thinking’ misconception. These pupils thought of this sequence as money, therefore, identified the sequence as increasing by 1 pence at a time. As a result, these pupils assumed that the next three terms as being 10p, 11p and 12p written in decimal form as 0.10, 0.11 and 0.12. However, the small 8% of pupils just forgot to turn this pattern into a decimal form.
The other 8% of the class identified the wrong pattern with a mere 4% answering with 1.0, 1.2 and 1.4 and the other 4% similarly with 1.0, 1.2 and 1.3.

With regards to question 2 part (b) which was to continue the sequence 0.44, 0.43 and 0.42, this question was answered particularly well. A healthy 79 % of the pupils answered correctly, namely 0.41, 0.40 and 0.42. The other 21% of the class answered incorrectly. An average of 4% of the pupils gave the answer 41, 40 and 39, therefore identifying the pattern. However, they did not understand the importance of the units digit and the decimal place. Another 8% of the pupils gave the answers 0.41, 0.39 and 0.38. These pupils recognised how the pattern was decreasing, however, they did not acknowledge the number as being between 0.41 and 0.39 as 0.40. The other 8% of the pupils misunderstood the question completely with 4% providing the answer 0.1 , 0.2 and 0.43. Finally, 4% provided the answers 0.41, 0.40 and 0.01, which cannot be explained mathematically.

With regards to question 2 part (c) which was to continue the sequence 1.96, 1.97 and 1.98, this question was answered poorly. Indicative of this, was a mere 25% of the pupils answered correctly as 1.99, 2.00 and 2.01. The majority of the class, with an average of 46% of the pupils, identified the following answers as 1.99, 2.00 and 2.1. These pupils recognised that the pattern was decreasing, however, they did not acknowledge that it was decreasing with respect to the hundredth’s digit. They correctly identified the first two terms correctly, but the third term was wrong. This is because the pupils do not understand the basics of number rules. A further 8% of the pupils provided the answer 1.99, 2.1 and 2.2. This is similar to part (b), in that these pupils did not recognise the number after 1.99 as 2.00. They simply carried on adding one. Similar to part a), 8% of the pupils corresponded to the misconception by providing the answers 1.9, 1.100 and 1.101. Therefore, just like with whole numbers these students just kept numerically adding. Another 4% of pupils identified the wrong pattern by providing the answers 1,99, 1.0 and 1.1. The final 8% of the pupils misunderstood the question completely, with 4% providing the anomalies of 0.03, 2.99 and 2.000. These cannot be explained mathematically. Finally, a remaining 4% just left this question blank suggesting they did not understand the concept at all.

Therefore, by evaluating the pupils answers for question 2 and analysing the work of Stacey and Steinie (1998), I have been able to identify that the pupils do have misconceptions on the mathematical concept of decimalisation. With only 3 out of the twenty-four pupils in the class obtaining one hundred percent in the pre-test question 2, it was clear to me that the majority of the pupils had not grasped the basics of number rules from the previous key stage. Therefore, to correct these misunderstandings, in my lessons I must provide the pupils with clear examples of place value and demonstrate where numbers belong on a number line.

Question 3.

With reference to question three of the pre-test, pupils were asked to calculate the following questions with respect to addition and multiplication. Each question consisted of a decimal calculation which was presented in a horizontal format

With regards to question 3 part (a), pupils were asked to calculate the sum 5.5 + 2.5 This question was answered very well, with 79 % of the pupils answering correctly with the answer 8.0. By analysing the year 7 test results, I was able to identify that a small 9% of the pupils had a misconception, identified in the work of Foxman (1985:77). Consequently, these pupils had split the decimals into their units and tenths and then added the two values together separately. For example, adding the units 5 + 2 = 7 and then the tenths together 5 + 5 = 10 resulted in an incorrect answer of 7.10. A small 4% of the pupils provided the answer 6.10, where I assume they made an arithmetic mistake when they added the units’ columns together. The final 4% of the pupils provided the answer 8.4, which cannot be explained mathematically.

With reference to question three part (b) which was to calculate the sum 0.45 + 3.14, this question was also answered very well with 83% of the year 7 pupils coming up with the correct result of 3.59. A small 4% of the pupils provided the answer 3.54, where I assume they simply made an arithmetic mistake. The final 12% of the pupils misunderstood the question completely with 4% providing the answer 5.59. Another 4% provided the answer 5.59 which cannot be explained mathematically and the final 4% just left this question blank. Again, the assumption is that they did not understand the concept.

The final question on the pre-test, question 3 part (c) asked the pupils to calculate the sum 6.7 x 10. This question was answered very poorly, with only 33% of the pupils giving the correct result of 67.  In fact, this question produced a range of answers from the pupils. A total of 8% of the pupils provided the answer 60.70, where they must have just multiplied the units and tenths digits by ten.  Another 12% of the pupils provided the answer 670 where they must have calculated 67 x 10. The final 44% of the pupils misunderstood the question completely, with 24% providing the range of answers 16.7, 67.9, 150, 70, 6.80 and 13. These cannot be explained mathematically. Finally, a remaining 20% just left this question blank suggesting they did not understand the concept at all.

By evaluating the year 7 answers for question 3 in combination with the work of Foxman (1985), I have found numerous misconceptions on the mathematical concept of decimalisation. With only 8 out of the twenty-four pupils in the class obtaining one hundred percent in the pre-test question 3. It was clear to me that I needed to focus on this area of adding and multiplying decimals in more depth by means of showing the pupils how to set up their workings in a vertical layout.


The Intervention

The intervention consisted of a series of two lessons which took place on Thursday the 15th of March and Tuesday the 20th of March.

Intervention Lesson 1
By following the guidance of my mentor and scheme of work created for the year 7 class, I began the lesson with the starter activity by asking the pupils to write the following digits into words and the following words into number digits.
After recognising that the pupils needed to revisit the importance of place value, I introduced the following format:
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With assessment for learning strategies in mind, I distributed every pupil with a mini white board. I then displayed different numbers upon the board and randomly asked the students “What is the place value of this digit?” The pupils then wrote their answers upon their mini white boards. I used three examples of whole numbers before introducing decimals. I then asked the pupils what number comes after the decimal point? I allowed them to identify that the format of the new columns would be tenths and hundredths. I then introduced the place value format of:
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I then repeated the process again by asking the pupils “What is the place value of the following digits?” The pupils were then given questions such as which number is the biggest, thousands or hundreds. They confidently answered thousands. Pupils were then asked which number is the biggest, Tenths or Hundredths and there was a mixed response. Here, I used the example of cutting up a cake. I asked the pupils would you rather have one tenth of a piece of cake or one hundredth of a cake? By explaining rationally, the pupils were able to determine that tenths are bigger than hundredths. To allow the pupils to practise further, a short on-board question task was provided for the pupils to complete in their books.
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The second half of this lesson was based on question two of the pre-test, which was to be able to correctly identify the next three items of a sequence. With the practice of place value fresh in mind, I then set up the next slide which was:
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Allowing the pupils, a minute to think about their answers, I then displayed ‘my’ answer of 1.10, 1.11 and 1.12 and asked the pupils, “who agreed with my answer”. I then challenged a pupil who said that he disagreed with my answer and asked him why. He then asserted, “this cannot be correct as the first three numbers in the sequence are getting bigger and your answers are smaller than the previous sequence given”. This was correct and to explain this question further, I constructed a quick number line on the whiteboard and asked the pupils what numbers came before 1.7, 1.8 and 1.9. Through discussion we were able to correctly place the values on the number-line, acknowledging that 1.10, 1.11 and 1.12 was in fact the wrong pattern.
I then used the visual tool of money. I asked the pupils “if I have £1.70, £1.80 and £1.90, how much money am I increasing each amount by?” The pupils identified that this amount was 10p. Therefore, together we provided the follow on sequence as £2, £2.10 and £2.20 by adding 10p onto each amount.

I then set up the next slide:
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The pupils were able to identify the pattern as decreasing and provided the next three terms as 3.0, 2.9 and 2.8.

With only 10 minutes left of the lesson, I set up the plenary activity:
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I provided clear instructions to the pupils which were to simply stand up when I called out the number which they thought was the biggest.

Intervention Lesson 2
I began lesson 2 with the starter activity, asking the pupils to round up a selection of numbers to the nearest tens, hundreds and thousands.
The main objective of this lesson was to revisit the basic skills of adding and subtracting decimals.  This also included reminding pupils on the importance of the presentation of their workings.
The first half of the lesson focused on addition, as you can see below:
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To begin with, I gave a range of differentiated questions which increased in difficultly. I provided the questions in a horizontal format in order to mirror the pre-test questions. I then demonstrated to the class how to set up the questions in a vertical format and the importance of presentation, such as in b) and c) lining the decimals up. This also included in part c), adding the extra zero onto 7.1 to ensure it is the same size and 5.34. Once I was happy that the pupils were ready to move on, I set up slide two which consisted of a range of questions.
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With assessment for learning in mind, I used sub-questions (b), (e) and (k) as hinge questions to ensure that the pupils had a correct understanding. After marking and receiving feedback from the class, we moved on to subtraction. Whilst I did not include a subtraction question in my pre-test, it needed to be included in my lessons as it’s a basic skill that all pupils should be familiar with.

The second half of the lesson focused on subtraction, as you can see below:
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Again, with assessment for learning in mind, I used sub-questions (a), (i) and (m) as hinge questions to ensure that the pupils have a correct understanding. After marking and receiving feedback from the class, we moved on to the plenary.

The plenary activity was used as an assessment for learning opportunity where I provided the slide which consisted of a bronze, silver and gold self-assessment.
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The pupils were then asked to write down what level best represented their learning ability and what they needed to do to move up to the next level. After receiving some pupil feedback, it was time to end the lesson.
Due to the shortage of time being dedicated to this area of maths in the scheme of work, I was unable to revisit the topic of multiplying decimals which was question 3 part (c) in the pre-test.

Post – Test Analysis

The post- test was given to the year 7 pupils to complete under strict test conditions on Tuesday the 27th of March 2018. By analysing the post-test answers and comparing with the pre-test results, I was able to determine if the intervention on correcting misconceptions has been successful.

Question 1.
Analysing question 1 part (a) 87.5% of the pupils were able to correctly identify that the decimal 0.7 was the biggest number.
With regards to question 1 part (b) 83.3% of the pupils were able to correctly identify that the decimal 2.3 was the largest number.
With respect to question 1 part (c) 91% of the pupils were able to correctly identify the decimal 1.4 as the biggest number.
Then finally, part (d) 75% of the pupils were able to correctly identify 4.69 as the biggest number.

Question 2.
Analysing question 2 part (a) 75% of the pupils were able to correctly identify the pattern and were able to write the next three numbers in the sequence as 1.0, 1.1 and 1.2.
With regards to question 2 part (b) 83.3% of the pupils were able correctly identify the pattern and were able to write the next three numbers in the sequence as 0.41, 0.42 and 0.43.
Then finally, part (c) sadly only 29% of the pupils were able to correctly identify the pattern and were able to write the next three numbers in the sequence as 1.99, 2.00 and 2.01.

Question 3.
Analysing question 3 part (a), 41% of the pupils were able to correctly identify the answer of 5.5+2.5 as 8.
With regards to question 3 part (b), 95% of the pupils were able to correctly identify the answer of 0.45+3.14 as 3.59.
Then finally, part (c), only 45% of the pupils were able to correctly identify the answer of
6.7 x 10 as 67.

Conclusion

In conclusion, despite the limitations of sample size and prior pupil ability, I was able to make a number of cogent assertions.  Firstly, using the mechanism of a comparison test, I was able to establish a clear pattern of misconception.  This was prevalent in the question (1) highlighting the “longer is larger” anomaly.  By using a mixture of qualitative and quantitative analysis, I showed that once a misconception is identified, key improvements could be made by pupils. Indeed, the results in part (a) were an outstanding rise from 28% to 87%. In both parts (b) and (c) there were similar statistical improvement. To achieve these results, I revisited the basics of how to place value and using “monetary decimal values” as a basis to enhance understanding. For example, this was underlined most clearly in showing pupils the fact that the 10th column was bigger than the hundredth. These factors were also integral in improving pupil performance in relation to question 2. In question 3, I was able to show that misconception is avoided by changing the format of the columns. Columns with decimals in the vertical format were more effective than the horizontal orientation of digits. This worked for question 3(a) but not for question 3(b). This was different to Foxman’s (1985) assertion, that horizontal format was always better.  One reason for this difference may have been the distance between the two intervention lessons. Finally, some other factors which may improve misconception would be to give proactive feedback to pupils in a timely manner and involving them in class discussion.








































Appendix
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Question 1. 

Circle the largest number: 

a.      0.20           0.5             0.7       

b.      2.3             1.2             2.23

c.      1.4             1.04             1

d.      4.375        4.69           4.1


Question 2. 

Continue these sequences:

a.  0.7,   0.8,   0.9,   ______,    ______,    ______ 

b.  0.44,    0.43,    0.42,    _______,    ______,    ______

c. 1.96,   1.97,   1.98,   ______,   ______,  _______   


Question 3.

Calculating the following:

a. 5.5  +   2.5 =     ______

b. 0. 45 + 3.14 =   ______

c. [image: ../../../Desktop/Screen%20Shot%202018-02-25%20at%2015.09.57.png]6.7 x 10 =   _______
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