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The paper looks at the use of mind mapping and concept mapping to develop help student teachers of physics to develop their understanding of teaching electrical concepts.   
What is the impact of an introduction to concept mapping on trainee physics teachers in Scotland?

•
What are the students’ responses to concept mapping itself?

•
Did they use concept mapping during their PGDE year?

•
Did concept mapping impact on the students’ approaches to teaching and learning?

•
Do the students intend to use concept mapping after the PGDE year?

The methods used were part of the ongoing work of trainee science teachers on an Initial Teacher Education course.  Student teachers of science were introduced to the use of mind mapping to organise their understanding of a topic two weeks into a thirty six week course.   This was followed up with student teachers of physics who were introduced to concept mapping within the context of developing their understanding of electrical concepts.   The physics students produced a written group concept map.   The next stage was for students to use concept mapping software to produce a concept map on the topic of energy before studying the topic.   This individual map was then revisited by the students after completing an energy workshop.

The students were deeply engaged by the group concept mapping task.   They found making the links between concepts challenging and worthwhile.  The group concept maps are somewhat limited and do not display the expected characteristics of expert concept maps.    In general, the students preferred to use the concept mapping software rather than mapping by hand.   However, the individual concept maps vary considerably in detail.   The concept maps produced after the additional input do not seem to show much change.   Despite the value placed on the concept maps during the process of developing them, feedback from the students showed that they did not find the concept mapping sessions as useful as sessions which concentrated more on teaching particular topics.   It is possible that the student teachers did not see the value of these techniques while on placement.
1.
Introduction

The Scottish background
The Scottish Parliament and Executive’s sustained interest in Education has led to a greater emphasis on teaching and learning in Scottish schools.   The subsequent introduction of the Assessment is for Learning (AifL) Programme, Scottish Executive (2006), and A Curriculum for Excellence (ACE), Curriculum Review Group (2004), means that teachers are now focussing more on teaching and learning as well as assessment strategies.   These changes are reflected in alterations to the approaches used in the Teacher Education Institutions (TEIs) preparing student teachers on the one year Professional Graduate Diploma in Education (PGDE) courses.   This paper considers the effect of introducing concept mapping to students on a PGDE course in the West of Scotland.

Mind Mapping and Concept Mapping
Mind mapping and Concept Mapping are both graphical mapping techniques which are used in schools, Caviglioli and Harris (2000).    There is often confusion about whether mind maps and concepts maps are actually different.   This confusion is probably replicated among the PGDE students who are generally more familiar with mind mapping than concept mapping.   Indeed, Caviglioli and Harris only mention concept mapping briefly before concentrating exclusively on mind mapping.
Mind mapping was developed by Buzan, Buzan and Buzan (1993) and (2006), as a flexible method for recording notes and organising information as well as planning.   Mind mapping developed from Buzan’s research about how the brain works and the nature of learning.   This lead him to the idea of “radiant thinking” as a way to unlock human creativity.

In mind maps, thoughts and ideas radiate from a central point and use colour, pictures and decreasing line thickness to structure the map.   As the map develops, links between different concepts and branches can be added.   However, there are no explicit links made between concepts.   Mind mapping is implicitly hierarchical with the main ideas being closest to the central concept, but this is often not stated explicitly.   Most of the value of a mind map arises when a map engages the mappers with their own thinking rather than examining a map which has already been produced.   Mind mapping can be popular in schools as a way to help pupils to learn, Conlon and Bird (2004), perhaps because most pupils seem to find this approach intuitive and quickly adapt to using it, Conlon (2002).   

Concept mapping was developed by Novak, see Novak (1998), Novak and Gowin (1984) and Novak and Cañas (2006), in order to organise ideas and to explore the structure of children’s knowledge of science.    Novak’s research extended Ausubel’s ideas about meaningful learning where learners actively construct meanings based on their existing knowledge, described in Ausubel et al (1978) and Novak (1998), chapter 5.
Concept mapping adopts an explicitly hierarchical approach, with the main concept at the top of the map and other concepts flowing beneath it.   Spatially, the nearer a concept is to the main concept, the more closely it is related to it.   Although colour and diagrams can be used, they tend not to be as prominent as in mind mapping.   However, in concept mapping much emphasis is given to writing explicit links between concepts rather than leaving the links implicit.   Again, like mind mapping, concept mapping is most valuable when the concept map is actively constructed rather than being passively consumed, Novak (1998).
Mind maps and concepts maps both show relationships between ideas and concepts in a visual way.    When used by experienced users both approaches are usually hierarchical, explicitly so in the case of concept mapping.   Links between branches are characteristic of expert mappers.   Mind mapping is more immediately appealing to novice mappers because it seems to flow more intuitively, Conlon (2002) and Eppler (2006). 

The main difference between the two is that concept maps require mappers to write down the explicit links between concepts.   This suggests that a mapper’s thinking can be seen and the level of understanding considered directly.   It is more difficult to infer a mapper’s thinking from a mind map where assumptions have to be made about the nature of the links and it can be difficult for others to understand, Eppler (2006).
The PGDE science students were asked to draw a concept map about electricity rather than a mind map primarily because a concept map does make explicit links between concepts.   It was thought that this more explicit approach would allow a more direct insight into the students’ thinking about electricity.   As discussed by Edmondson (2005), the task was intended to show the students’ own subject knowledge before they started to integrate this with their developing pedagogical content knowledge, van Driel et al (1998).

2.
Methodology

Ongoing teaching

The research was carried out as part of the ongoing development of teaching on the PGDE Physics with Science course.   A brief introduction to concept mapping with a previous cohort of students had been unsuccessful because it had been rushed and students had not been given enough information or time to develop their concept mapping skills, Findlay (2005).   As part of the development of the teaching programme, students were given a general introduction to mind mapping ideas before a structured introduction to concept mapping.

The students developed their concept mapping skills through forces, electricity and energy because these are topics which school pupils find difficult to grasp, Ross et al (2004) and Driver et al (1985) and (1994).   These are also areas that university students find difficult, as reflected in the Physics Education Research (PER) literature, Engelhardt and Beichner (2004), Halloun and Hestenes (1985) and Singh and Rosengrant (2003).   Anecdotally, PGDE students can find it difficult to reconceptualise force, electricity, Taber et al (2006), and energy topics to teach them to school pupils.   As well as developing their concept mapping skills, students were being asked to consider some of the difficult concepts in school physics to allow them to begin to engage with these ideas as a way to begin to develop their own understanding as a component of their pedagogical content knowledge, Kind and Taber (2005).   Students are generally happier dealing with numbers and equations rather than debating concepts, Sherin (2001) and SQA (2006a, b, c).
Research Questions 

What is the impact of an introduction to concept mapping on trainee physics teachers in Scotland?

· What are the students’ responses to concept mapping itself?

· Did they use concept mapping during their PGDE year?

· Did concept mapping impact on the students’ approaches to teaching and learning?

· Do the students intend to use concept mapping after the PGDE year?

Outline of introduction
During the second week of the PGDE course, all the science students were introduced to various aspects of teaching secondary school science.   A lecture about constructivism used a mixture of techniques including mind mapping to model constructivist teaching approaches.   The tasks used were chosen to cover a range of topics included in most General Science courses in First and Second Year of Secondary School.   The students were introduced to mind mapping via a class discussion about particle theory.   Homogeneous groups of students then developed a mind map about the water cycle, incorporating ideas from particle theory.
The following week the Physics students were given an introduction to concept mapping.   Part of the aim of the course is to model with students pedagogical techniques they can use with pupils.   In this spirit, the physics students were given an exercise to compare a mind map and a concept map about forces.   The aim was for the students to construct their understanding of the differences between the two different graphical organisers, as suggested by Caviglioli and Harris (2000).

To enable students to practice developing a concept map, they worked in groups to develop a concept map about electricity.   The introduction was based on using large sheets of paper and Post-It ® notes, as discussed by Novak and Cañas (2006).   As a class, the students suggest concepts which could be included on the concept map and then developed their ideas in groups.    The concept maps were translated into the Cmap (http://cmap.ihmc.us/download/free_client.php?myPlat=Win )  program for analysis. The topic for study the following week was electricity, which would be led by the second Physics tutor.   This allowed informal comparisons to be made with the ways previous cohorts of Physics students responded to the electricity topic.

Table 1

Outline of Mapping Teaching Sequence
	Week 
	Activity

	1
(14th August 2006)
	Registration week.   
No teaching.

	3
	Introduction to mind mapping for all science students.



	4
	Introduction to concept mapping and group electricity concept mapping task for physics students.

Individual energy concept map using computer software, set for week 9.

	7 - 8
	Induction Block – first school experience


	9
	Energy input.   Revised individual concept map task set. 


	11
	Submission of revised individual concept map.



	18
	End of Term 1 Evaluation 



	31
	Concept mapping questionnaire between School Experience 2 and 3




The students’ follow-up task was to develop an individual concept map about energy using the Cmap software.   This was explained as a way to focus their thoughts on energy and to allow them to recall their prior knowledge before they considered the subject of energy in class.   After the session on energy, the students went on a school placement for two weeks to introduce them to life in schools.   They were asked to submit a revised energy concept map after this placement with the aim of showing any changes in their thinking.   This stage was important to model the possible of use of concept maps with students.
The evaluation of the concept mapping input used a variety of formal and informal methods.   Informally, note was taken of anecdotal comments from students and tutors.   Formally, the normal end of first term evaluation was examined to find out if any comments about concept mapping were included.   This was done by asking the students to list the three most helpful and the three least helpful sessions during the previous term.   Finally, the students completed a short questionnaire about their use of concept mapping before starting their final block of teaching practice.
The students were also given a questionnaire about their experiences of concept mapping after the second six week block of teaching practice but before their final four week teaching placement.   The questionnaire was designed to discover if any of the students had used concept mapping before starting the course and to investigate the students’ feelings about concept mapping or if they had used concept mapping themselves   To try to put the students’ responses in context, they were also asked whether they had seen concept mapping in use in schools.   The questionnaire returned qualitative data which was analysed by allowing the categories of response to emerge from the data.   The results were recorded and analysed using concept maps.  Limited use was made of quantitative data to illustrate the qualitative responses.
A Note on the Number of Participants
The number of students varied in different phases of the research.   Overall, the number of students decreased as some left the course.   Most of the students undertook two physics placements before the final questionnaire.   However, students studying two teaching subjects had one placement in physics and one in their other teaching subject.   
3.
Results 
3.1     Comments about Concept Mapping Activity
Staff
Anecdotally, two members of staff, including the author, commented on the very high level of engagement shown by the students on the introductory task.     Nevertheless, it is difficult to think of other topics / sessions which had engaged students so thoroughly.   The second was another Science tutor who commented that he had rarely seen such a high level of engagement among students.   Part of the reason for the high level of engagement seemed to be that the students were spending a high proportion of their time verbalising the links between the concepts rather than leaving the links implicit.
The following week the students considered how to teach electricity with a different tutor.   His impression was that the students were able to engage with the material more closely.   Paradoxically, rather than clarifying their understanding, the students appear to have “clarified their own misconceptions.”   As a result they were more able to develop their own understanding beyond simple models shared with pupils.   For example, a common misconception was that in an electrical circuit, the electrons move around the circuit carrying bundles of energy, almost like a parcel.   Once this misconception was made explicit, the students were more able to consider the role of the electric field in transferring energy.   It would be interesting to find out if the clarification is the result of requiring the students to make explicit links between concepts via concept mapping or if a technique like mind mapping which leaves the links implicit would have the same effect.

The students also seemed more able to consider how to approach teaching from a pupil’s perspective rather than their own perspective as beginning teachers.    It is likely that encouraging the students to consider the links between concepts as part of their introduction to concept mapping helped the students to actively recall their prior knowledge and perhaps to begin to reorganise their ideas so they could be more easily explained to pupils.
Students
The students themselves seemed to enjoy the session and were apparently very engaged in what they were doing.   One or two commented that they found concept mapping difficult and challenging because they were being forced to put the links between concepts into words rather than leaving them implicit.   The students’ energy concept maps were displayed at the back of the laboratory the week after they handed them in.   Normally students pay minimal attention to wall displays, but in this case almost all the students went to examine the concept maps without a tutor suggestion that they might like to do so.

3.2     Results of Electricity and Energy Concept Maps
Group Electricity Concept Maps
The most notable observation about the group concept maps using the key question, “What is electricity?” was the extremely high levels of engagement displayed by the students.   The task was designed to give students a structured introduction to concept mapping and then practice at developing a concept map.    The students were in two classes, with five concept maps produced in each class.

Analysis of the electricity maps showed that most followed Kinchin et al’s (2000) spoke or branch classification.   Branches spread from the key questions.    Only six of the maps showed links between concepts in the same branch.   Five of the maps showed a loop among the concepts current, voltage and resistance which were explicitly linked to Ohm’s Law (voltage equals current x resistance).   One of the maps had two loops: the first loop dealt with generation of current and voltage and the loop immediately below dealt with the links between alternating and direct current.
Only one of the ten electricity maps had a link between two distinct branches.   This map was one of the maps which had a loop within a branch dealing with Ohm’s Law.   A branch dealing with energy linked to a branch dealing with current via the concept of power.

Individual Energy Concept Maps

The individual energy concept maps were created using Cmap software, freely downloadable on the web.   Most of the students found the software easy to use after the initial learning phase, although some reported that they still preferred to use pencil and paper methods.
The style of the individual maps was similar to that of the group maps.   In both cases there was a lack of cross-links between and within branches, which suggests that more practice is needed to develop concept mapping skills further, Trowbridge and Wandersee (2005).    

Another difference between the two mapping tasks was that students had a pedagogy class on the subject of energy after the individual energy map were submitted and were then given the opportunity to submit a revised energy concept map if they wished to make any changes.   This apparently repetitive task was designed to model the way mapping techniques can be used in class where the maps are revised as ideas develop.   Most of the students submitted unchanged maps, or submitted a second map with minimal changes.

3.3     Term 1 Evaluation
As part of the normal Recall Day activities after the first School Experience block, students were asked to say which three sessions they found most and least helpful.

Of the 31 questionnaires returned, only one included concept mapping in the sessions which had been found to most helpful.   Twenty three of the students included concept mapping among the three sessions they found least helpful and seven did not mention concept mapping.

The mismatch between the apparently positive response when students were introduced to concept mapping and the negative feedback in the evaluation requires to be explained.   Part of the explanation may lie in the two unsolicited comments about concept mapping from two students who said it had been one of the least helpful sessions:-

“Concept mapping but only because I didn’t use it this time around”

“Concept mapping: something I may yet use in my teaching career.”

These comments suggested a willingness, at least among a few of the students, to consider using concept mapping in future.   Nevertheless, the fact that students apparently did not see concept mapping being used in school suggests that they are taking a very instrumental approach to what they consider to be helpful in preparing them for the classroom.   This theme appears later in some of the excuses given for not using concept mapping in school themselves.
Another possible reason for the negative response to concept mapping is that the students found making concept maps difficult.   Focussing on the explicit links between concepts was difficult.   To the extent that the students are graduates with physics in their degrees, the student teachers can be regarded as experts on physics compared to school pupils.    Reflecting on expert tacit knowledge and making that tacit knowledge explicit is often a difficult process for learners.
The lack of familiarity with concept mapping and the fact that concept mapping is a complex skill which requires practice to improve and the challenge of re-considering what is assumed to be well-understood may have contributed to the initial feeling among the students that concept mapping was not useful in schools.  

3.4     Concept mapping questionnaire
To investigate students’ views about concept mapping further, they were given a short questionnaire about the introduction to concept mapping and any uses they made or saw of concept mapping in schools.   When the questionnaire was given after the second block of teaching in schools, thirty three out of the remaining thirty five students on the course returned completed questionnaires. 
Question 1: Did you use concept mapping before starting the PGDE Physics course?
Very few of the students (seven out of thirty three) had used concept mapping – or something similar -  before starting the course.    The five who had used concept mapping used it for a wide range of activities ranging from note taking and revision to essay planning and system design and analysis.   One of the five had also used flow charts for designing software.   The remaining two students did not distinguish clearly between concept mapping and other techniques because they responded “no” or “sort of” and then mentioned brainstorming, mind mapping and visual note taking using arrows and text to show ideas.

Question 2: Describe the introduction to concept mapping in Term 1 in three words.

This question was in fact badly phrased.   The intention was to ask about the students’ first impressions of concept mapping itself rather than to request feedback about how the introduction to concept mapping was implemented.   It is not possible to sort out whether the students’ comments refer to the introduction itself or to concept mapping.   However, linking these answers to willingness or otherwise to use concept mapping may give some clues.
The words used were sorted into positive, neutral and negative categories.   The total number of responses in Table 2.1 does not add up to 3 x 33 = 99 because not all of the students used three words to describe the introduction to concept mapping.   Two of the students did not give any words at all.
Table 2.1
Students’ Choice of Words about the Concept Mapping Introduction

	Choice of Word
	Number

	Positive 
	49

	Neutral 
	10

	Negative 
	20

	Total
	79


The most common positive responses were: interesting (10), informative (9), useful (6), new (5) and comprehensive (2).    The most common neutral responses were both given twice: different and concise.   The most common negative responses were confusing (4), (too) long (2), complex (2) and rushed (2).
As well as considering the words used, the students’ response were categorised as positive, neutral or negative, depending on the balance of words chosen.   These results are shown in Table 2.2.   Nearly two thirds were positive about the introduction and only five were negative.   The other five were either neutral on commented on how to do concept mapping.   Overall, this probably suggests a positive response to concept mapping as well as the introduction.

Table 2.2
Students’ Overall Position about the Concept Mapping Introduction

	Type of Response
	Number

	Positive 
	21

	Neutral 
	2

	Negative 
	5

	How to do concept mapping
	3

	Blank
	2

	Total
	33


Question 3:  Do you personally use concept mapping now?

Again, this question was badly phrased.   The intention was to discover uses of concept mapping outwith the classroom.   However, students often interpreted the question to be about any use of concept mapping, including in the classroom.    Questions 3 and 5 seem to have been interpreted in similar ways.   A summary of the emergent categories arising from these two questions is shown in a concept map in Figure 1.
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Figure 1
Categorisation of reasons given by students for using or not using concept mapping, arising from questions 3 and 5.

In the main, concept mapping was used for sound pedagogical reasons: to plan and deliver lessons and to help pupils to revise lessons or topics.  Within lessons concept mapping was used as a lesson starter or focussing device, or more rarely to build a class concept map over the course of a lesson.

Where concept mapping was not used there were again a range of reasons.   Some students felt that mind mapping was a better technique for pupils to use or did not feel personally happy using concept mapping.    There were institutional pressures in school which meant that students were unwilling to experiment with novel techniques which teachers were not using.   Some students made excuses for not using concept mapping, which may have included personal or institutional reasons.   When classifying the results, an excuse was a statement with no explanation or a trivial explanation.   

For example, “I personally don’t like mind mapping because I don’t think that way” is an excuse because the reason given is trivial.   Some of the pupils may well think that way.   However, the student who did not yet use concept mapping because they were uncomfortable with it is indicating a willingness to consider the possibility of using concept mapping because it may benefit pupils.
The way the concept maps are not used is also interesting.   Although the students used concept mapping for a wide range of reasons, these did not form a coherent progression from lesson planning, to lesson delivery and then revision.   It is unclear from the results if concept maps were used as advanced organisers to show pupils the structure of lessons.   Where concept maps were used for revision it is again unclear if the pupils were involved in developing the maps for themselves or were given fully developed maps.

Question 4:   Describe any use of concept mapping that you observed in school.
The aim of this question was to investigate the use of concept mapping in schools to see if this could be linked to the students’ approaches to concept mapping.    In fact most students (twenty four) did not see concept mapping being used in schools.   Of the nine who did see concept mapping being used, the most common use was for revision, particularly with younger classes.    Concept mapping was also used for lesson planning and a lesson starter.   One teacher used it for time management.

There is also some evidence of concept mapping being used as an excuse by one pupil:-

“One girl claimed that she could only learn using concept maps and demanded that the chemistry teacher only give her materials in that form – which is rubbish.”   

This misses the point about concept mapping being most useful when actively constructed by the learner rather than consuming a map provided by the teacher.
Question 5:   Did you use concept mapping in school?


Positive Responses
Only nine out of thirty three students had used concept mapping in schools.   The students used concept mapping for a wide variety of pedagogical reasons.    These ranged from planning topics and lessons to lesson starters, ongoing development of ideas about a topic within a series of lessons and to revise topics.   The most common use for concept mapping was for topic revision.   One student had only used concept mapping for lesson preparation.   This student did not feel confident in using concept mapping with pupils.
Concept mapping was mostly used with younger classes.   However, the student teachers’ school practice focuses on these classes so this may be a reflection of opportunity or of a willingness to use non-traditional techniques with younger classes but not in the higher stakes examination classes, where, paradoxically, a push for understanding may benefit pupils.

Negative Responses
Twenty four out of thirty three students had not tried concept mapping in schools.   Of these, two did not give a reason for this.   The reasons given for not using concept mapping split into four broad categories: pedagogical, personal, institutional and excuses.

Pedagogical
Several students felt that concept mapping would confuse pupils.   Interestingly, one raised the issue of the mismatch in style with current teaching methods:-


“Again, I feel it confuses students when they try to reconcile flowing maps to equations.”

One of the most common ways to teach physics to examination classes in Scottish Secondary Schools is to concentrate on using equations to generate numerical answers, commonly referred to as “number crunching”.   Examination questions asking pupils to describe what would happen in a physical situation are generally answered poorly, for examples see SQA (Scottish Qualifications Authority) Principal Assessors’ Reports for Intermediate 2, Standard Grade and Higher examinations, (2006).
Another good point is that the pupils need to develop their concept mapping skills, which may also be reflected in the comment  

“Didn’t see good enough reason to use given time restrictions”

These comments link directly to ideas about time pressure discussed in the “Institutional” section.

Personal
There were only three personal comments.   One of the students wanted to develop his own skills, with the implication that he would then use concept mapping in school.   The other two comments suggested that they would try concept mapping in school if they could find a use for them.   These were not considered to be excuses because the students indicated some willingness to try concept mapping later.   However, it does seem possible that these could be excuses rather than reasons.

Institutional
The institutional reasons mainly relate to pressure of time.   It does take time to develop pupils’ concept mapping skills.    There is also a strong feeling that because of pressure to cover the syllabus, it is not possible to fit concept mapping into the syllabus.
Teachers do feel pressure to cover the whole syllabus; however, these students seem to be feeling these time constraints very early in their careers.   This means that they are unwilling to adopt a different approach and have not considered whether it may save time if pupils gain a better understanding of the material.

Excuses
The final and largest category is excuses, where no reasons are given or implied, or the reasons are trivial.   Nevertheless, the students have given very honest answers here in particular.

On a personal level, some students felt that their concept mapping skills needed to be developed or they did not look for or could not see a reason to use concept mapping.

Others were influenced by more experienced colleagues who did not use concept mapping – and possibly could not see any point in doing so.   Concept mapping was not mentioned during lesson planning with the class teacher or the class teacher discouraged its use.   One student was “in the school that educational reform forgot!” presumably meaning that recent Scottish Executive initiatives had had little or no effect.

Five students made comments along the lines that they had not taught a suitable topic for concept mapping, or a topic that would have benefited from concept mapping.   This may link to the students who could not see a use for concept mapping yet.   All these comments could be paraphrased as, “the topic was too general to write about.”   This may suggest that these students had not understood the potential of concept mapping as a flexible tool for thinking.
Combining Questions 3 and 5  
The answers to questions 3 and 5 covered a number of common areas which are shown in Figure 1.   The areas of overlap have been discussed.   What has not been discussed is the elements which are missing from the maps.    There is a strong thread of pedagogical use which could be viewed as a coherent view of lesson planning and delivery.   However, there is no mention of using concept mapping to provide advanced organisers (ref) to give pupils an overview of a lesson or topic.   This is somewhat surprising as emphasis is laid on this as part of a constructivist approach to teaching and learning on the ITE course and when the students are undertaking teaching practice in schools.
Question 6:   Do you think you will use concept mapping in your own teaching?            

Negative responses
Seven of the students would definitively not use concept mapping in future teaching, although two would probably use mind mapping.   These students generally gave reasons for not using concept mapping, except the two who thought it would be too time consuming.   Three students left this part blank.
Positive responses
The twenty three positive approaches split into three categories: pedagogical, related to pupils and evaluative.   The pedagogical reasons were generally similar to those discussed earlier.   In addition, some of the students indicated that the visual nature of concept maps would be helpful for pupils, particularly to give an overview of a topic.    Others felt indicated that concept maps gave a logic structure to a topic that was easy to follow.
Other students indicated that it was a useful method to allow pupils to show what they knew and particularly to show links between topics.   Misconceptions could also be quickly identified.

A further group of students were willing to consider concept mapping, but would evaluate the pupils’ responses to it to consider if future use was warranted.

Combining Questions 5 and 6

Although only nine students had currently used concept mapping in their own school experience a further thirteen indicated their willingness to try it in future if a suitable topic arose.   Seven students had neither used it nor planned to use it in future.   A further three students had not used concept mapping in school and although they left the answer to question 6 blank, it is likely that they would not use concept mapping in future.   So overall, twenty three of the students planned to use concept mapping in the future, although some had reservations.   Only ten of the students did not plan to at least try concept mapping in future.

Table 3:
The number of students who used concept mapping during their school 

experiences compared to the number who plan to use concept mapping in their future teaching.


(3 students answered No to Question 5 and did not answer Question 6



 1 student answered No to Question 5 and Maybe to Question 6.   



 These 4 students are not included in the table.)

	     Question 5 

Question 6
	Did you use concept mapping in school?

Yes
	Did you use concept mapping in school?

No

	Do you think you will use concept mapping in your own teaching?

Yes            
	9
	13

	Do you think you will use concept mapping in your own teaching?

No
	0
	7


(n = 29 out of 33)
4.
Discussion
Expert concept maps are characterised by a high level of cross-linking among concepts within and between branches, Mintzes and Wandersee (2005).   The results from the group electricity concept maps showed that despite a very high level of student engagement, the maps displayed very few cross-links, so the students were not producing expert concept maps.   This is unsurprising given that it was the first time that most of the students had attempted concept mapping.   Nevertheless, they did give more thoughtful answers to a later session about teaching electrical concepts than students in previous years who had not produced concept maps before a session about teaching electricity.   This confirms earlier experience that even though all the students on the course must have a degree, they still need practice to fully develop their concept mapping skills, Trowbridge and Wandersee (2005).    Indeed, this lack of facility with the technique might be one reason why the students did not rate the concept mapping session highly.
The next step was to draw up individual concept maps about energy.   For most of the students this was only the second time they had used concept mapping and the first time they had completed an individual concept map.   There was little evidence of a richer structure of cross-links between branches.   This supports the suggestion that concept mapping skills take time to develop.    Therefore, rather than see the students’ relatively straightforward concept maps with very few cross-links as showing a deficiency in subject knowledge, it is better to see this as a lack of experience in concept mapping and the need for more practice.
One surprising outcome is the disjunction between the students’ very positive experience of concept mapping on campus and the high number who later said it was one of the least helpful aspects of their campus experience.    This was disappointing and prompted the later use of the questionnaire about their experiences with concept mapping in school.   In this case, the previous result was reversed as nine were already using concept mapping in schools.   These nine and a further thirteen intended to use concept mapping in their future teaching.   The initial negative response to concept mapping in the first term evaluation may be explained by the lack of concept mapping seen in schools.   The majority (twenty three) did not see concept mapping being used in schools.   Even if they had considered using concept mapping, this was not encouraged during lesson planning with class teachers.

Two unsolicited comments about the concept mapping input reveal the tension between students’ willingness to consider ideas suggested during the university-based component of the course and the practicalities of teaching in schools.   The students did not appear to value concept mapping because it had not featured in their first teaching practice – and yet they were willing to consider it in future.   This is supported by the fact in the later questionnaire, two thirds of the students were willing to at least consider using concept mapping in their future teaching.    It would be interesting to investigate whether the students did in fact use concept mapping during their probationary year.

Despite this hopeful sign, the evaluation and concept mapping questionnaires show a strand of opinion which disregards concept mapping because it is not used in schools.    This lack of use is then used as an excuse for not using concept mapping.   This excuse came in several forms:-


“Topics didn’t lend themselves easily to it.”


“Did not teach anything that would have benefited from using them.”


“I don’t feel I have covered a large enough topic yet that would allow me


 to put concept mapping to good use.”


“Not any appropriate topic yet for such (a) technique.”

As concept mapping is a very general skill, this is on a par with a teacher saying that they did not do any writing with the class because the topic was not suitable for it.    This suggests that some students are perhaps being enculturated (Ref) into a conservative view of teaching which does not fit with the Scottish Executive’s drive to improve teaching and learning in schools.

Questions 3 and 5 were supposed to explore the students’ use of concept mapping personally outwith the school environment and professionally within the school environment.   However, question 3 was badly phrased and the students interpreted the question as dealing with any use of concept mapping in school.  Comparing the responses to questions 3 and 5 allowed a number of positive and negative categories to come out of the data which were applicable to both.   

The students who made use of concept mapping or saw it used tended to see it used for lesson planning; as a lesson starter; developed during a lesson or series of lessons and for revision.   Although this could be seen as a coherent view of planning, teaching and learning and finally revision, none of the students indicated that they conceptualised using concept mapping as a theme in this way.   This suggests that presenting a coherent view of concept mapping as a technique which can be used for a variety of purposes may be the way to proceed with future cohorts.
The students who did not use concept mapping divided into two categories: those who gave reasons for not using concept mapping and those who gave excuses for not using concept mapping.    One student correctly notes that concept mapping has to be taught to pupils and that this will take time.   Another student can see the benefits, but wants to become more personally familiar with the technique.   This suggests a very reasonable wish among some students to evaluate the useful of techniques new to them and to develop their own relevant skills.

5.
Conclusion
The general aim of this piece of research was to find the impact of an introduction to concept mapping on trainee physics teachers in Scotland.    An interactive introduction to concept mapping was followed by the construction of a group concept map and then an individual concept map.   Students were surveyed at the end of term one and then a follow up questionnaire was used at the beginning of term three.
What are the students’ responses to concept mapping itself?

For most of the students, their first introduction to concept mapping was the initial group mapping exercise.   Anecdotally, this was received very positively by the students; however, the end of term evaluation was mostly negative about the concept mapping session.   

Did they use concept mapping during their PGDE year?
Most of the students did not see concept mapping being used during their PGDE year, which may have influenced their willingness to try using concept mapping themselves.   Just over one quarter of the students used concept mapping in schools.   
Did concept mapping impact on the students’ approaches to teaching and learning?
This question is difficult to answer directly.   Most of the students did not see concept mapping being used in schools during their PGDE year, suggesting little direct influence.   Approximately three quarters of the students did not use concept mapping or did not find it useful in schools, suggesting that it did not impact on their approaches to teaching and learning.

Do the students intend to use concept mapping after the PGDE year?
Most of the students do plan to use concept mapping after the PGDE year.   The nine students who used concept mapping in their PGDE year all plan to use it in future, as might be expected.  Of the remaining twenty who answered this question, thirteen planned to use it in future and seven did not plan to use it.   This suggests a “tentative maybe” to the question overall.
In summary, this small piece of work highlights the difficulties in using questionnaires for attitudinal studies with trainee teachers.   Whilst the observed reaction of the students to the basic introduction was overwhelmingly positive, with all of the students engaging very well with the tasks, the subsequent student survey at the end of the first term (fourteen weeks after the exercise) showed a very strong negative view of the value of the concept mapping session.   It is interesting, however, that after a second block of teaching practice, two thirds of the students showed a positive attitude towards and willingness to use or to consider using concept mapping in their teaching.   The anomaly seems to have been caused by the way in which data was gathered at the end of the first term.   This may point to lessons in the use of interim student attitudes in directing subsequent research.
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Appendix 1: Concept Mapping Questionnaire
Some Questions about Concept Mapping

Question 1

Did you use concept mapping before starting the PGDE 



Yes / No

Physics course?


If yes, give example(s):
Question 2
Please describe the introduction to concept mapping in Term 1 in three words.

Question 3

Do you personally use concept mapping now?




Yes / No

If yes, describe:

If no, explain why not:

Concept Mapping in Schools

Question 4

Describe any use of concept mapping that you observed in school.

Question 5

Did you use concept mapping in school?




        
Yes / No

If yes, describe:

If no, explain why not:

Question 6

Do you think you will use concept mapping in your own teaching?            
Yes / No

Please explain your answer.
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