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Context

In 2001, NESTA established a pilot programme to explore the value, in the Key Stage 3 curriculum, of a package
of LEGO resources. Specifically the package was aimed at supporting the systems & control elements of the
design & technology (hereafter d&t) curriculum. The pilot programme ran in 14 schools across England, Wales,
Scotland and N Ireland. In each school, teachers initiated project activities based on the LEGO materials and
the Technology Education Research Unit at Goldsmiths College was commissioned to undertake an evaluation

of the impact of the pilot.

It is important at the outset to understand some of the prevailing characteristics of KS 3 d&t. The prevailing
practice of schools is to use projects as the basic mode of teaching and learning. Design & technology is
composed of five specialist areas (resistant materials, food, textiles, graphics, systems & control) and students
typically progress through a sequence of projects that rotate them through these specialist areas. In year 7,
projects are typically 6-7 weeks in duration; with students having about one hour per week on their projects. This

time allocation rises somewhat through years 8 and 9.

The LEGO materials that are the subject of this research project will generally be expected to fit within the
“systems and control” component of the d&t specialist areas. Accordingly, the schools that have agreed to take
part in the project will have removed their normal “systems & control” project from yr 7, yr 8 and yr 9, and will
have agreed to replace them with projects derived from the LEGO materials. As students move from KS 3 into
KS4 in the National Curriculum, they make choices about their GCSE examination courses. Within d&t, most

examination boards offer a range of possible options, reflecting the specialist sub-areas outlined above.



There are a number of worrying trends in relation to systems and control at key stages 3 & 4. At KS 3, Ofsted

reports as follows:

“Overall, teaching is good in two thirds of schools, but there are significant areas of weakness including, in KS
3, the teaching of designing and of systems & control.” (Ofsted 2001)

Furthermore, and perhaps in part as a result of this, the current trend is that the ‘systems & control’ option at
GCSE is not popular, in fact Ofsted data suggests that only approximately 15% of schools offer s&c at GCSE,
with far higher numbers of students preferring the other d&t options. The following comments from the d&t
subject report (Ofsted 2000/2001) further illustrate the difficulties.

‘The shortage of specialist teachers, particularly for food and systems & control is now acute.... and is
depressing pupils’ attainment.”

“The majority of schools have insufficient teachers with adequate knowledge of systems & control aspects of
d&t and this adversely affects their ability to teach the full range of work required by the NC."

Overlaying these concerns is the more general concern - particularly at KS 3 - that teaching is excessively rigid,
locked into a view of teaching and learning that locates the teacher in the role of technical instructor. Teachers
design projects (eg in food, in resistant materials, and in systems & control) in order to teach their pupils a small
specified range of skills and knowledge. In systems and control, this manifests itself as the semi-formal
teaching of circuits and sensors almost regardless of the design purpose for using such skills and knowledge.
There is a concern that the curriculum (and the associated assessment regime) has become too instructional;

insufficiently developing the imaginative design ideas of youngsters.

“The children see the teacher as knowing all the answers. The process skills - for developing and recording
ideas - are equally controlled by the teacher through the folder format. There is very little freedom of action to
pupils (which is why all the outcomes are so similar) and there is equally little uncertainty. “ (Kimbell, Stables,
Green 1996)

It is this complex of problems that this LEGO research project seeks to address. The project is based upon a
new range of LEGO materials from the RoboLab and Mindstorms series, and these are used to support a newly
developed curriculum concerning “Energy and the Environment”. The LEGO materials comprise three broad

kinds of resource:



- a special kit of bricks and components

including the programmable RCX brick;

- supporting assembly guides for students to

build machines;

- a curriculum that links these components and

guides into the d&t curriculum for KS 3.

The objectives of this research project relate to the current shortcomings of the systems & control elements of
the d&t curriculum at KS 3. Specifically the brief from NESTA requires that the evaluation should assess “..the

extent to which the material and the associated teaching and learning process:

« creates teacher and pupil interest and enthusiasm, enabling students to

engage fully in their own learning

+ promotes creativity and innovation in teaching and learning

+ increases the likelihood that more students will elect systems and control-related options at GCSE
+ encourages and reinforces experiences in other related curricular areas

+ enables teachers to deliver the national curriculum in an efficient and effective way

+ delivers ways of using the QCA framework to promote creativity and innovation in a Design and

Technology curriculum context."

In addressing these issues we have found it beneficial to group them into cognate clusters. Accordingly the data
gathering, data management and recommendations have been structured to establish the extent to which the

new LEGO resources:

- create interest and enthusiasm for teachers and learners in systems and control, thereby
encouraging more students to take the ‘systems & control’ option at GCSE in key stage 4;

* encourage creativity and innovation in the curriculum; through teachers’ development and delivery
of the curriculum and through students’ response to their tasks;

* encourage cross disciplinary learning in the context of energy and the environment.



Methodology
Our approach to this task was organised into three phases, resulting in the acquisition of a range of datasets
using a combination of interview, questionnaire and classroom observation techniques. Schematically, these

three phases might be represented as follows:

+ establishing baselines (teacher interviews / teacher questionnaire / school visits)
+ the reality in schools (classroom observation / teacher & pupil interviews / photos)
+ reflections (teacher interviews / teacher questionnaire / presentations)

The timetable for these three phases was controlled by the dates at which the LEGO curriculum, guides and kit
could be delivered to schools. Originally it had been planned that this delivery would take place in the autumn
term of 2001, enabling the pilot to run in the spring term of 2002 and the whole exercise to be concluded during
the summer term 2002. In practice, the curriculum and the kit was distributed to schools immediately prior to the
Easter vacation 2002, the pilot ran during the summer term of 2002, and this report has been composed during

the summer vacation for delivery to NESTA in September/October 2002.

The key to the first phase of data gathering lay in the 2 day training session held at Birmingham in November
2001. This training session was designed to familiarise teachers with the kit that they would be receiving in the
spring term. This familiarisation did not include the curriculum, which was still at that point being developed in
the LEGO facility in Boston USA. The evaluation team took advantage of the training session to spend time with

each of the teachers - gathering data from them through a questionnaire and from individual interviews.

The questionnaire was focussed onto matters of creativity: what
teachers believe it to be in the context of schools and curriculum,

and what they see as fostering it or inhibiting it. (See Appendix A).

The interview was designed to tease out teachers understandings

and beliefs:

+ about teaching & learning in d&t;
+ about teaching & learning ‘systems & control’ in d&t;
+ about the value & role of LEGO in d&t. (See Appendix B)

Taken together, these data enabled us to create a base-line view

of teachers’ attitudes, beliefs, skills, knowledge and general

familiarity with the matters that lie at the heart of this evaluation.



In phase two of the evaluation, we sought to determine the reality of the implementation of the curriculum in
schools. This was based primarily on classroom observation of lessons undertaken by the teacher with groups
of yr 7, yr 8 and yr 9 pupils. This observation was based on a pre-designed proforma that was piloted in schools
in and/or around the greater London area. The proforma divided the lesson into 5 phases (a 60 minute lesson
would therefore have five phases of 12 minutes), and allowed the observer to note a number of features of the
lesson from the point of view of the teacher (eg.whether they organised the students into groups) and from the
point of view of the student (eg. their degree of engagement with the task). In addition to these quantitative data,
the observer also collected general descriptive data concerning the nature of the activities underway. (See
Appendix C). In addition to classroom observation data, we took advantage of these visits to schools to conduct
informal interviews with students and with teachers, and to record the work photographically. The observations

in schools took place between the beginning of May and the middle of June 2002.

It should be noted that, because of the logistic
difficulties involved in monitoring the work of the 14
schools in a sample distributed throughout the
United Kingdom, we were only able to undertake
classroom observation in three schools at three
points in their projects (broadly at the outset, in the
middle and towards the end). In the other 11
schools we observed classes on a single occasion
towards the end of the projects. These processes
were negotiated and agreed in advance with
NESTA, with LEGO and with the schools.

The third phase of the project was based on the feedback conference held with all the teachers at LEGO-land
Windsor at the end of June 2002. At this point the projects in the schools were (in most cases) completed and
the teachers were in a position to reflect on the work of their students and more generally on the LEGO materials
with which they had been working. We used this 2 day feedback conference to derive complementary data to
that collected at the initiating Birmingham training session. Specifically, we re-used a modified form of the
creativity questionnaire to see to what extent the experience had modified or developed teachers views about
creativity in the curriculum. We also finally conducted a series of teacher interviews which were based on a
semi-structured format in order to capture in a systematic way data concerning teachers views of the whole pilot

project for them, for their students and for their school.



Following these three phases of information gathering, the data were consolidated and analysed during July and
August, during which time sections of the report were also created in draft form. The full preliminary report was
drafted for consideration at a meeting of NESTA, LEGO and the evaluation team on 24th Sept 2002. This final

report has been prepared following that consultation.

Teachers views of systems & control and LEGO

At the outset of this ‘issues’ section of the report, it is necessary to establish the baselines of our data by
illustrating the comments and views of teachers about the role of LEGO in d&t, specifically in relation to systems
& control and enhancing student creativity. These views were established at the outset of the project in the 2

day training session in Birmingham.

+ systems & control
We have already drawn attention to the problems that are seen to beset the systems & control component of d&t

at KS 3 and KS4. This study has further exemplified the problems. Does it inspire and excite children?

“NO, they don't find it interesting. We must do better here - not enough kids want to follow it through to GCSE. |
think it's our least successful area. That's why I'm here!” (teacher 1)

“The problem is that the kids have to feel engaged personally in their tasks for it to be an attractive subject area
- they have to be interested in systems and control - it mainly
engages boys at my school.” (teacher 4)

“We don't have the resources and expertise at present,
therefore we don't do it, other than some electronics at KS
3.” (teacher 12)

“It is quite closed. However, the possibilities are good.
Teacher inexperience can cause problems.” (teacher 14)

Does the systems & control component in d&t encourage

children to be creative?

“It has the potential to - but we have not really made it work
yet. We must do more.” (teacher 1)

“Generally systems & control is less creative, but the existing
LEGO project... is probably the most creative.” (teacher 2)




+ LEGO for systems & control

Given these lukewarm views of the systems & control curriculum, what did the teachers think (at the outset of the
project) about LEGO ? Approximately 50% of the teachers had used LEGO in their KS 3 curriculum - the
remainder either using different modelling systems or none at all. Those that were familiar with LEGO had the

following spectrum of views about the extent to which it inspires interest, enthusiasm and creativity;

“Very exciting - particularly the production of a new product. LEGO will motivate students. Very user-friendly.
Kids gain good understanding of the concept of control.” (teacher 3)

“Yes - kids love it — it's very colourful - some find it difficult to use though, and hard to manipulate. Some kids
with low ability cannot even follow the work-cards.” (teacher 5)

“It can be a turn off for girls - probably for historic reasons - although they are maybe better at it! There is often
a 'building block' approach, and until they have had lots of experience its difficult to be really creative. There is
a tendency to rely on construction manuals.” (teacher 6)

These views act as a backcloth against which we can evaluate the teachers’ attitudes about the work that they
and their students undertook as part of this project. One further part of that backcloth is established through
analysis of the questionnaire that we used in Birmingham. This was specifically designed to gather teachers

views about creativity; what it is, how it might be enhanced, and how it can be inhibited.

+ views about creativity (from the questionnaires)

The questionnaire was in two parts - first responding to a list of potential definitions of creativity, and thereafter
listing 3 main ‘promoters’ and three main ‘inhibiters’ of creativity. This questionnaire was about creativity in

general in the curriculum - not specifically addressing the issue of LEGO as a system with creative possibilities.

We offered 13 definitions of creativity to teachers, inviting them to indicate whether they strongly agreed, agreed,
disagreed or strongly disagreed with each of them. When these data are collapsed into two groups (agree /
disagree), the teachers are seen to define creativity principally in the following terms

* solving problems * using imagination & experience

+ thinking laterally * risk-taking
(all scored 14/14 hits)

They are clear that itis NOT

* much the same as intelligence (11 negative hits)
+ about being individual (6 negative hits)



« arising out of chance occurrences (5 negative hits)
+ about being original (5 negative hits)

These data suggest that creativity is seen by teachers as task-focussed, and that while on task students are
expected to take risks, to think laterally (out of the box?) and to use their imagination. It is interesting to see how

these views are further developed by teachers in their lists of features that ‘promote’ or ‘inhibit’ student creativity.

Teachers see six dominant issues promoting creativity:

the nature of tasks

the time to do them

the quality of the teachers support

an atmosphere free from the fear of failure
a stimulating environment

quality resources to work with

These might be further classified into two groupings:

concerning the teacher’s approach / style

- using appropriate tasks (open-ended)
- providing support
- avoiding fear of failure

concerning the working environment
- adequate time
- good resources
- a stimulating environment

This spread of concerns might be expected to be mirrored in the ‘inhibitors’ list, but interestingly there is a far

more simple story there. There is a major dominant influence that teachers see as inhibiting creativity in the
curriculum....

‘too much teacher intervention’
‘too detailed briefs’

‘narrow horizons’

‘too much teacher direction’
‘narrow guidelines’

‘set procedures’

‘prescription’

‘rigid structures’



Each of these, and many more in teachers’ lists, bear testimony to teachers’ concern that they (the teachers) are
themselves the worst offenders. They appear to believe that they have it in their power to inhibit students’
creativity simply by the way they set tasks and manage the classroom / learning environment. And we believe
that they are right. There is much research evidence that points to the truth of this; not just through the
externally imposed strictures of the National Curriculum and the ‘big brother’ monitoring of Ofsted, but moreover
through the internally imposed constraints of teachers’ design of KS 3 projects. (see eg. Kimbell, Stables Green
1996)

Teachers are not working in a vacuum, but in schools striving to claw their way up the league tables. Success for
schools comes from good A-C grade percentages at GCSE, and this is all too frequently seen as coming from
tight management structures. Scrutinise any Ofsted report - and count the number of times that good (‘secure’
transparent’) management is lauded. Unfortunately, such tight management structures have an inevitable
tendency to filter down to the classroom as tight teacher management of learning / tasks. Teachers know that it
is happening. They feel bound to do it. But they know it runs counter to the interests of developing students’
creativity. But then count the number of times that creativity is even mentioned in an Ofsted report. Teachers
know it is not a priority for Ofsted / DfES. (For a fuller discussion of this issue see Kimbell 2000). The fact that
our pilot teachers registered this concern is a testament to their professional perception of this problem. It is
easier and more comfortable to pretend it is not happening. These data from our teachers, when added to the

fact that they have agreed to take part in this pilot, suggests that they may be an unusually risk-taking group.

Teachers do of course see other inhibitors, typically in the reciprocal form of the groupings mentioned above (not
enough time, resource, stimulating environment etc). However, the dominant inhibitor is clearly seen as the

teacher - and specifically through the ways in which tasks are presented and managed in the classroom.

The data from the 2nd round of questionnaires was derived from the 2 day de-briefing session held at LEGO-
land Windsor on June 24/25th 2002. Of the 14 schools in the pilot, some were unable to attend the session, and

in two cases the initial teachers sent an alternative member of staff to represent their work.

The data from the 2nd questionnaire was handled in exactly the same way as with the 1st round, though this
time it is possible to display the changes that resulted from the experience and the time lag of the project. The
table below lists (on the left) the priority order of definitions for creativity established in the 1st round. The list on
the right is the same list from the 2nd round. The lines indicate moving features of the list. Red lines (deficit
lines) are things that are seen as less important 2nd time round. Blue lines indicate features that have gone up

the priority list.
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solving problems

thinking laterally

using imagination and experience
enabling risk-taking

expanding / combining existing ideas
generating new ideas

being spontaneous

producing the unexpected

being enthusiastic / motivated

being original

being individual

things arising out of chance occurrences
much the same as intelligence

solving problems

being spontaneous

producing the unexpected

being enthusiastic / motivated
expanding/combining existing ideas
things arising out of chance occurrences
generating new ideas

thinking laterally

using imagination and experience
enabling risk-taking

being original

being individual

much the same as intelligence

There are several interesting features about this list, and the key differences arise because the teachers are now

answering the questions in the context of their experience on the project - using LEGO in their classrooms,

workshops and studios. The ‘top dog’ in both cases is problem-solving, and the bottom in both cases is the

certainty that creativity is not the same as intelligence. But critically thereafter, ‘risk-taking’ and ‘lateral thinking’

(which are characteristic definitions of creativity in the ‘real world’) have been replaced at the top of the list by

enthusiasm, chance and spontaneity. These are features that teachers can recognise in children working with

LEGO.

We believe that teachers see lateral thinking -
turning problems upside down and inside out to
completely reconfigure the task - as not
something that can easily be done within the
strictly constrained environment of LEGO bricks
and components. Moreover, much of the risk of
experimentation is removed by the ‘safeness’ of
modelling in LEGO - it always fits together and
can always be made to work. On the other hand
teachers can see their students being
enthusiastic, spontaneous, and doing unexpected
things within the constraints of the task and the

available resource.

11



Looking at the ‘promoters’ and ‘inhibitors’ that teachers
identified 2nd time round provides a very simple and
clear indication of the perceived strengths and
weaknesses of LEGO. The two principal ‘promoters’ of
creativity are the speed at which students can work, and
the fact that they can model their ideas in three

dimensions, try it out and re-work it again.

+ speed of construction

+ instant nature of LEGO

* rapid assembly

» modelling gets around drawing
+ a concrete method of seeing
(their ideas)

* no language barrier

+ shortage of components
+ pupil to kit ratio
+ the sharing of kits
+ having to
(and the thought of having to)
get all the bits back into the box
+ storage and sorting of small parts
+ important parts get lost

It is important to recognise that these

advantages are all seen in terms of

childrens’ learning. By contrast, most of

the inhibitors to creativity are not cast in

terms of learning - but rather in terms of

the simple practicalities of storage,
management, and the amount of kit

available.

12



The most significant perceived inhibitor of creativity that was not a practical/management issue, concerned the
limitations of the very concept of LEGO - with highly structured worksheets and a strictly constrained mode of

joining and operation.

+ to stay with LEGO modelling all the time restricts creativity

- the structured sheets

Observation of the project in action

Our examination of the classroom-based data arising from this project is presented in two broad sections;

1 the teachers’ experience: pedagogic strengths and weaknesses

2 the students’ experience: learning strengths and weaknesses

In these two sections we deal sequentially with the curriculum, the construction guides, and the hardware/kit. At
the end of these two major sections, there is a final brief section that deals with some technical details of the

LEGO resource itself.

1 the teachers’ experience (pedagogy)
1a) The curriculum
Teachers typically used the curriculum folder at the start of the project to understand the units and create a

scheme of work. From then on, they did not use the curriculum folder in the classroom at all.

“As far as the curriculum is concerned | have never used it in lessons, | have looked at it outside in my office quite
alot .... to check for a particular thing, but you can't teach with it (open on the desk) in lessons, can you?” Teacher
4

Teachers on the whole were pleased with its colourful impact, and commented that it looked well-designed.
LEGO has clearly made an effort with the production. However, the layout and hierarchy of units within the
curriculum was less clear. As an example of the inherent confusion, Unit 1 has 11 activities, the 10th being
graded design challenges. Unit 2, however, has 15 activities with the design challenges at the outset (activity 1)
and with a more sophisticated debate about how to use the challenges. The difference between these two is a
bigger matter than simply of timing. It raises fundamental pedagogic questions about the resource. Is it
knowledge-led, leaving the student ultimately able to tackle a task (as in Unit 1), or is it task-led, with knowledge
subsequently developed as a resource for acting on the task (as in Unit 2)? This issue links to a debate raised
later in the report on the relation of d&t with the science curriculum; science being dominantly knowledge-led

whilst d&t is dominantly task-led.

13



The question of time for teachers to ‘get their heads around’ the curriculum was a recurrent theme. This has to
be understood against the timing of teachers’ receipt of the curriculum materials (before the Easter vacation),

with the project due to start imediately after the vacation.

“...it takes a great deal of reading as its not very clear; its hard to read and is confusing in the way it it is divided up.
| think that probably the more you use it then the easier it will become to use.”  (teacher 4)

“...there is an abundance of riches here - perhaps too much.” (teacher 13)

“The time taken to read the resources is enormous ....the time needed to find our way through the resource and
make it suitable for us almost killed us... Seeing a route through it was very difficult...” (teacher 2)

“We dipped into the paperwork and then pulled out before we got overwhelmed™. (teacher 10)

“...it is difficult to read and it lacks a clear introduction. The layout is difficult. Once you got your head round it and
look back, it does make sense. However, it would do to have more explanations of what is to be achieved by
everyone at the start.” (teacher 4)

We believe, however, that this is a one-off problem, associated with the teachers’ first use of the materials.

supporting KS 3 systems & control
Overall, teachers saw the curriculum as supportive of the d&t curriculum, though there were comments that it
was “..perhaps a bit too sciency.” We recognise that the curriculum is (in part) intentionally cross-curricular and
some were happy with this; “..it's a good context; no problem. It's about kids looking after the planet, which is
great.” But others felt that they were “...not sure

that year 9 should be sold to science’. With the
emphasis on creativity being ever present in this
project, it was felt that the context could hinder
creative responses if teachers over-did the science
elements. “Science is about investigation, not
creativity, so one has to be careful how much science
is going on.” In a pupil referral unit, where curriculum

is similar to mainstream schools, we were told that:

“The curriculum folder was used well by us to
show the advisers from the local council that the
LEGO was suitable to be used in place of science
as well as technology. Once the advisers saw the
amount of science involved in the LEGO project,
they conceded that it was suitable.” (teacher 7)

Teachers recognised that the curriculum is not a replacement for their existing activities, but a supplement to
them. Teachers commented that they also wanted to get students to start working directly with electronic
components, such as PCB’s, ready for KS4. Generally, however, the teachers saw the curriculum as a valuable

support for d&t (particularly for systems & control) and a very worthwhile medium for use in schools at KS 3.

14



There was a strong sense that teachers were happy because they
covered more ground with their students than they would have
done without LEGO. Typically, a student doing this project made
at least five different models or robots which demonstrated
different principles. If the schools had not had LEGO, only one
item would normally have been made. Students would typically
have been doing small tasks with motors and pulleys and small
electrical projects, for example... making wire skill testers, night

lights or alarm beepers (input/output feedback).

“As far as content is concerned - we would be doing purely manufactured
tasks, so the fact that students would be using motors/gears/ and
designing outcomes by themselves - is far superior to what we would
have had in place anyway.” (teacher 3)

“Year 8 would typically be manufacturing a motorised car - a task rather
than a design brief. LEGO was a real design project - making decisions,
applying systems of control. We wouldn't have done this normally. The

curriculum took them further ahead with systems and control than we otherwise could have

done with the existing one. The downside of this was that they were less far ahead with manufacturing skills - not
LEGO'’s fault. “ (teacher 3)

supporting creativity

Whilst teachers were generally very supportive about the role of LEGO in the d&t KS3 curriculum, there were
doubts expressed about LEGO in the context of creativity. Reflecting on the curriculum experience as a whole,

teachers drew attention to their anxieties in this area.

“My definition of creativity is using imagination from
an open-ended point of view.....So you have to give
them open briefs and teach them to think laterally.
With LEGO | think what we have is definitely problem
solving...creating situations for the kids and letting
them solve these in straightforward ways”. (teacher
3)

“LEGO has a view that it’s kit is a creative resource,
but | think not... they have got to learn the skills
about how to put the components together... but the
creativity bit is more cosmetic”.  (teacher 5)

“My view of creativity is lateral thinking - coming at a
problem from a number of angles.....LEGO think the
kit is problem solving and creative - but you can’t
meet the creativity with the LEGO kit - you need to
interface it with other materials”. (teacher 2)

“It all seemed too structured....the pupils have been less creative than normal because of the structure and lesson
timings.... the creativity came from off-task playing rather than the actual tasks set.” (teacher 6)

15



It is important to sort out what might appear to be contradictory messages here. As we shall see later in the
report, the teachers are genuinely enthusiastic about LEGO as a learning vehicle and particularly in relation
to its power as a modelling medium to explore technical/mechanical ideas quickly and directly. This appears
to be univerally recognised and acknowledged. But teachers are not persuaded that it is equally a creative
medium. The structure of the tasks, the lock-step nature of the guides, the constrained nature of building, all tend
to make teachers question the creativity of their students’ responses. We explore these issues in more detalil

below.

teachers doing their own thing

Our overall reflection on the curriculum is that it worked by providing overview guidance at the outset of the
project. It did not work as a day-by-day guide to practice in the classroom. It is important to recognise that there
is no precedent in d&t in the UK of teaching materials that take students (or teachers) step by step through
projects, feeding them pre-determined student activities and supplying the pre-determined necessary resources.
Design & technology teaching in the UK is typically more free-wheeling than that, and we believe this accounts
for some of the teachers’ negative reaction concerning creativity. What teachers are accustomed to is starting
from the idea for a project, and then working out for themselves the scheme of work; how to stage the activities

through a number of lessons and weeks.

“...my main worry was the amount of curriculum given to me - | didn't have time -it's ...you look through it all, but it
made a good resource for picking and choosing.”  (teacher 1)

“...itis a good resource, so it can work. The frustration comes from knocking it into shape.” (teacher 2)

The teachers did not want just to ‘take’ the curriculum as it stood, they wanted to create it from the resource that
they were given. The time-lines at the start of the project really inhibited that process of personalisation, but

teachers now have a strong sense of how they would move ahead for next year.

specific strengths and weaknesses

The teachers identified a number of specific strengths and weaknesses in the curriculum framework.

- a weakness - assessment
The curriculum gives no guidance about assessment,
= which is an issue of importance. Teachers took
photos and written notes, viewed students’
_____ evaluation work, records obtained from data-logging
: (eg, solar panel brick), printouts of research

/ e v compiled from internet sources (eg, recycling), and

Al 7: i : marked the work done on the Investigation Activities

‘copymaster’ sheets. In several cases, teachers told
16



us that end-of-term marks would be derived from their
own reflections on the activity (good or bad), and on
their pupils throughout the life-span of the
project.

“It's going to be difficult to work out how to assess this. | am perhaps going to set questions on the issues involved

during the term.... evaluation is an important element. It shows that they are understanding what they are doing.
This must be built in so it gives us something to mark.” (teacher 10)

- a strength - promoting discussion
Our observations through the project showed that the curriculum lives up to its claim to support pupils“.. fo
become engaged in questioning and discussion about technological and science-based issues which may affect

their lives, the society in which they live and the environment in general.”

The context really did marry well with the kit in order to promote discourse on any number of related subjects,
varying from in-depth discussion about the angles of the sun in relation to the earth at different times of day
(when working with solar panel bricks), to a visit to a local wind-farm in order to explore the production of

electricity by wind power.

1b) the guides and teachers pedagogy

the scale of curriculum

Teachers commented on the extreme gap between the large-scale thinking of the curriculum files and the
minutae of the construction guides. The small-scale guides generate a ‘pick & mix’ mentality that allows teachers
to be creative in devising their scheme of work. In this project, however, the teachers had to ‘hit the ground
running’ and so they were looking for a pre-packaged middle-way, with the construction guides linked together

to develop a pathway through the material.

accompanying information

Teachers felt that it would be helpful to have more information
(in the guides themselves) on the various types of motion that
the students are working on. They currently operate exclusively
as construction guides, but the teachers wanted more from
them. The learning power of the guides would be supported if
the motions were appropriately named (eg rotary motion >>
reciprocating action) and explored schematically. The
coexistance of the conceptual label with the making would

reinforce student learning. When the students are fully engaged




with the kit, it is then that they may be more receptive to making connections between the theory and the 3D
motions they are creating; enriching their long-term understanding. This could be done through very simplified

schematic diagrams and text throughout each guide.

creativity
Teachers found the guides invaluable for supporting the making of models. But naturally, they (and the students)

regarded them as construction manuals to be followed in detail. As a result, each student’s model was almost a

carbon copy of every other one.

“In all probability the worksheets and the guides hinder creativity.... they
tend to produce what they see...The paperwork is certainly not a help.”
(teacher 1)

“We didn't really use the worksheets... “ (teacher 3)

We comment below on the students’ reaction to this issue, but it
is important for teachers to take a view about it. The ‘step-by-
step’, right-answer approach of the guides challenges our
concepts of student creativity. Because of the exclusive nature
of the kit and the guides, the students were mostly dutifully rule-
following in the ‘LEGO zone’ and they could only be creative by
breaking out of the zone and abandoning the guides altogether.
The guides were therefore either used or not used. Thisis a
pedagogic weakness that would be easy to sort out. We can
see a case for some guides that offer alternative starting points

or half solutions, creating the need for students to think for

themselves as they work on their models. The current
impression is that the guides, if used, demand blind rule-

following to a fixed end-result.

ic the hardware/kit and teachers pedagogy

enthusiasm for ‘concrete’ learning

The teachers in the pilot were well disposed
towards the resource from the outset. They had a
positive attitude derived from their sense that it was

a robust, high quality product, with immediate




appeal to students, supporting hands-on learning.

There was almost universal praise for the power of LEGO modelling as a vehicle to introduce new concepts and
to get students exploring technical ideas and systems. The fact that LEGO is associated somewhat with ‘play’ is

also helpful and many teachers reported the enthusiasm with which their classes launched into the tasks.

“It’s exciting for kids....| came in with scepticism... thinking of systems & control as an industrial process...We have
had good results from the kit.. very quick and it teaches the theory of movement and mechanisms well.” (teacher 1)

“'m enthusiastic about the kit...it gets the kids into problem-solving mode right away....it got them through the project
quickly.... it presents a real life introduction to the principles.” (teacher 2)

“It’s very good for kids using imagination... they have got to be able to bring ideas from paper to 3D model and
experiment to get different outcomes... LEGO provides this.” (teacher 3)

“It’'s very effective for seeing and learning concepts.” (teacher 11)

Most ‘direction’ from the teacher came in the form of
allocating kit, introducing topics, and subsequently
extending support and advice in reviews and
evaluations. An analysis of teacher activity shows
that from the very start of the project, teachers are
freed to act in a supportive rather than directive role.
In the lessons we observed, more than 83% of time

was spent by teachers in a supportive role. This is a

dramatic finding, and illustrates that the students are
intereacting with the materials largely autonomously;
and the materials provide fast inherent feedback.
Success generally came quickly and kept the students engaged. Teachers found very few cases where students
had just given up. Teachers were generally very enthusiastic about the pedagogic strengths of the LEGO

resource.

group work

There is no doubt that the activities supported group experimentation and creation.

“The (renewable energy) unit...provides an opportunity for pupils to develop team-working skills. Pupils form
individual project teams, each of which tackles a specific task, encouraging teamwork, project management and
communication skills...” Teacher 14

We observed all kinds of group sizes and dynamics in the
classroom. In one school we saw four teams of six students, in

another we saw students working in pairs.




“It would be better to work in pairs rather than 3s and 4s - but that creates a kit problem and a storage
problem.” (teacher 11)

“It would be better to work with smaller groups ...” (teacher 6)
“l find no problem with groups of 4-5.” (teacher 1)

“With 6 RCX bricks you tend to use them in group work which can lead to 3 or 4 working together, so the strong
personality may well form the outcome, which is not necessarily the aim of the project.” (teacher 3)

It was generally the case that four was a common group size and this grouping arose principally through the
boxed kits (four students to a box). In such groups the
evolving solution was typically dictated by the stronger
personalities in the group; the dynamics offered
opportunities for less keen or shyer students to ‘hide’. A
typical group arrangement was for there to be a ‘lead’
builder; and assistant builder (finding the bits) a
programmer and an internet researcher. But this neat
segmentation of tasks did not hold good for most of the

project, and the concensus amongst the teachers was

that groups of two was best. A box of kit between 2
students balanced resource supply with the potential for
creative individualism. There are, however, other ways of looking at the issue of ‘boxing’. It became clear that
teachers would have appreciated other arrangements for boxing: perhaps a kit for individual students, or the

possibility of a central ‘class’ kit, particularly for specialised components.

management

All the teachers experienced the difficulty involved in
managing all the bricks and components; making sure
that the right kits are being used; that they have all the
right bits in them; that the bits should not get lost; that
students should not be ‘swiping’ bits from each others’
kits; that all the bits should be packed away again at the

end of the lesson; and so on. These related issues were

a serious concern for all the teachers.

“Kids partially build models and | feel that they must

keep that with the box, so it becomes a storage nightmare. Bits keep falling on the floor ...” (teacher 5)

“You need more spare bits because LEGO ‘swiping’ took place quite a bit. ...and not losing bits was a real problem -
we have the wrong colour floor! It took a while to work out which manual went with each kit“ (teacher 10)
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“There needs to be a really good spares service.” (teacher 11)

“For me, the frustration was in the inability to manage the kit. | was disappointed with myself. We’re going to
put our heads together and work out a system...” (teacher 1)

One of the decisions to be made concerned whether to leave models
(and partially completed models) intact from week to week - or
whether to disassemble them at the end of each lesson, resorting the
bits back into their boxes. Most teachers dedicated the kits to a
particular class - allowing the models to be built up and
accummulated over the weeks of the project. It is of course very
expensive to do this; tying up a major investment in kit so that it can
only be used by a small number of students. But the alternative raised

too many management hassles for the teachers to contemplate.

“I don’t know how | would manage doing two classes....or if | had
another teacher with another year doing a class ...it would be a
nightmare....the kit would have to be dismantled” (teacher 5)

Storage of the kit at the end of the lessons requires
the allocation of time. Most teachers gave jobs to each
person in the groups, but however well intentioned, it
only worked in a few schools. When it comes to
packing away in the (typical) five minutes allocated,
there was no possibity that students could get it all
back into the boxes ‘as new’.

“Putting the bits back in boxes.....we have nine kits....

we can’t afford an hour for them to be putting all the

kit away. A solution might be that you sort out bits

that you accept you can’t check - and use these as a
central resource.” (teacher 2)

self-contained
It is difficult to link LEGO to other materials. It operates extremely well as a self-contained system, but this
places serious limits on the kinds of objects that can be built. Teachers wanted to attach all kinds of other

materials - from MDF to textiles to electronic components - and at every level this raises some difficulties.

“I'm not sure where LEGO components interface between electronics and resistant materials...” (teacher 6)
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This interfacing issue eventually forced a more profound issue to the
surface. The power of LEGO in d&t is as a modelling kit, for
exploring ideas prior to (or in association with) moving into ‘real’
materials. But in reality this only happened in one school. But there

it had very powerful effects on the students.

“I was surprised how well the pupils took to it, especially the sustainability
project. Pupils just took off, worked at their own pace...they couldn’t get
enough of it. A competitive element crept in and there were lots of different
things going on... the pupils were constantly engaged.” (teacher 11)

In every other school,
models were dismantled,
leaving behind nothing but the experience. This added to the sense that

teachers had of running activities that were closer to science than to d&t.

Interestingly, we observed a group of students grappling with a self-
imposed sub-task, and we invited them to comment on the creative
opportunities provided by this LEGO project. Were there (we asked) any
particular moments or episodes when they saw creativity in their own

work?

“I had to find a way to get the magnet over the top without it obstructing
the non-magnetic things. So | got a piece of masking tape and hung it
over a top frame. This meant that it was flexible enough to be

pushed out of the way of the non-magnetic objects (bigger)

but still allowed the magnetic bits to be picked up.” (school 10)

Note that this creative piece of thinking demanded that the student operated outside the ‘LEGO zone’, interfacing
with other materials. This message was also reflected in other schools, where the teachers re-organised and
customised the materials to be comfortable with them. As an example, one teacher was speculating about what

he was going to do next.

“I would like to develop more kinetic art sculpture....it will definitely take off given time to come up with creative
solutions... we will try to marry LEGO with resistant materials and textiles .... | really see this as the future of
creative work.” (teacher 1)

linkages and progression

Repeatedly we were told by teachers that students at KS4 will be using PIC
chip ‘Logicator’ programming, and RCX programming has no apparent
connection to it. So if students devote learning energy to RCX programming,
where will it lead? How will it be built upon? Moreover, ‘Logicator’

programming is inexpensive, and students frequently have the technology to
22




work on it at home.

For modelling technical and mechanical systems there was nothing but praise, but there were several comments
that the software for the RCX brick did not represent a good model -
for other programming systems. It was not that the RCX

programming was bad, in fact there were several comments that it

was easy:

“The RCX brick is an interesting piece of kit... the kids can pick up
on the icons so easily... and there is no language barrier.”
(teacher 5)

Rather, the problem was that it was just a different system
altogether, and specifically that it was different to the systems that
prevail at KS4 for GCSE.

“...(there is a problem with) the stand alone software and ... the P
programming language. There are no links to other programming languages and
this could be a problem as we will have to teach them another way when they come to GCSE” (teacher 11)

“...the biggest negative is trying to interface LEGO with anything else.” (teacher 2)

The upshot of this is that if the students use Robolab and RCX brick programming at KS 3 - this is no help to
them when they move on to KS4, where they will be confronted (typically) by ‘Logicator’ software for PIC chip
programming. Whilst the mechanical and electro-mechanical parts of LEGO act as an ideal modelling tool for

other mechanical and electro-mechanical systems, the LEGO software does not. It is just a different system.

So the message is two-sided. Yes the LEGO/RCX software is easy to learn and use - but then it can only be
forgotten and discarded as students move on. It would be far more constructive if interface links to other

systems could be created.

2 the students’ experience (learning)

2 a) the construction guides and student learning
Students’ use of the guides varied dramatically through the
life of the project. At the start, they were reliant upon them,
and autonomy from the teacher was attained largely by dint
of their use. In three schools, we took measures of time
spent in all lessons using the LEGO guides. During the first
third of the term, an average of 38% of all the time spent in
lessons was spent using the guides. By the last third, usage
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had dropped dramatically to an average of only 8% of time spent with the guides.

" We've got used to it, we don't really need to use the guides to build them."
(student from school 14, class 9S, ph. 3. 19/06/02)

The students enjoyed making the set models and
completing the kits to the instructions. Some
teachers were surprised by this, as they believed
that their students would be turned off from
making the set models. However, students told us
that they found the guides essential, mainly
because the kit itself had so many complicated
bits. All this contributed to the sense that students

could not experiment at the beginning, but only

once the set models were made.

In many schools these set models took up the vast majority of

project time - thus squeezing any creative opportunity into the

. final phases.

—
T—

Learning to cope with the guides is therefore a very tricky
business. You can stay on task with them (following their
rules) if you want to succeed with the model. But you will only
succeed with your learning when you have the courage to
dispense with them. The management of this transition is

critical for students and teachers to understand.

differentiation

The guides did not provide differentiated learning opportunities for

different ability groups or different experience groups. We

™

observed two schools where teachers deliberately sought to
challenge their more able pupils by using the proposed shape
only as an example (challenging them to develop an
alternative). The idea was that they could build halfway and then

move on with their own design. However, few students were

seen to move significantly away from the shown model which

was so powerfully
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embedded in the guide.

2b) the hardware/kit and student learning

In virtually every school, we observed that students - right from the very start of the project - could work
autonomously with the kit.

Even when they were just introduced to the contexts and the specialist bricks; they were able to ‘take off’ with it

and use it well. This is an important quality of the kit, owing much to the instant useability of the guides.

gender differences
The LEGO kit empowered all students to work effectively. We were aware of the possibility that it might be seen
as more ‘boy-friendly’ than ‘girl-friendly’, but this was not apparent in the work except in one sense. Whilst all
students grappled with the ideas in the tasks, group work roles
tended to allow the gender groups to revert to ‘type’; with girls (in
mixed groups) assuming the tidying up roles, and tending to favour
programming and internet exploration over getting to grips with
construction. In mixed sex groups, boys were more hands-on, while
the girls looked-on.
However, in single sex
groups girls rapidly got
to grips with the tasks,
grappling very
effectively both with

the construction and

with the programming

challenges. In our
view, the gender differentiation observed during the project had
less to do with the LEGO materials than with the teachers’

inexperience of managing group work at KS 3.

behaviour and control

The materials are self-sustaining, in the sense that once students
have embarked on a model, and have the kit in front of them, they
tend to just get on in a quiet and orderly manner. The kit acts as a
kind of control device — bringing peace and order to d&t classes
that are typically more noisy and interactive. Moreover, d&t
classes typically involve the teacher supporting endless decision

making about materials, form, function, appearance etc, but with
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the prescribed nature of the models, and with pupils following the step-by-step construction guides, this demand

on teachers falls away.

“Probably the most surprising thing was that yr 7 enjoyed making the set models - enjoyed completing the kits to the
way LEGO had given their instructions - they were constrained by the guides ....but were still pleased about making
the set models.” (teacher 2)

“The thing that got me was how quickly and quietly they set about tasks. We were experimenting with year 9 who are
disenchanted...nearly all boys...we gave them LEGO and were very surprised at how well they got involved...they
were very un-motivated kids, so it was surprising to see them so on task.” (teacher 1)

The phenomenon we are describing here was most first noted during the observations in a classroom with
seriously challenging youngsters. The calming effect of working on the set models was initially surprising, but or

reflection is quite explicable.

nothing to take away
Towards the end of the project, even the amiable groups became disgruntled because they had to take their
models apart. They had produced creations that they were proud of. One boy, proud of a lifting mechanism he

had produced, hid it behind a folder in the storage area. He was naturally very dispirited when it had to go.

This is a real problem if LEGO is not seen purely as a modelling medium. The students didn’t; they saw the
models as their real thing - but they couldn’t of course take it home. According to several teachers the project
produced the best work their students had done for years, but they had nothing real to hold and show for their
efforts. Some schools made efforts to record students’ work with digital cameras, and some even used video
cameras. But this raises again the issue of LEGO as a modelling tool (for assembly and disassembly) or LEGO

as an end product.

This has significance for the question of whether more
students will opt for systems and control at GCSE. PIC
chip technology allows GCSE student to create real
artefacts - but if students pre-GCSE exposure to systems
& control is through LEGO, they will have got used to the
idea that systems & control does not result in products.
This would be an unfortunate position and underlines the

point that LEGO can only be part of the systems & control

curriculum at KS 3.
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some technical failings of the kit
The components in the LEGO kits are seen to be high-quality, robust products that overall have very few
technical weaknesses. There are however some weaknesses that emerged during the project that LEGO might

wish to take note of.

adhesion

The level of adhesion seemed to be variable according to the scale of
the component. The large flat RCX brick was difficult to fix (apparently
through the misalignment of nipples/holes) - but small components often
stuck too firmly, requiring nails, teeth and even knives to loosen them.
The use of PVA adhesive was not found to be a good solution. It ties up
blocks that need to be used for other models and tends to confuse the
concept of ‘modelling’ with that of ‘end product’. We refer to this

confusion elsewhere.

robustness
The motors in particular suffered from a weakness of the central
spindles, which frequently sheared off when models rolled off tables.
Other weaknesses included;

+ grey axles bending

+ light sensors failing (or mis-calibrated at the factory to give the illusion of failure)

the RCX brick
Poor adhesion of the RCX brick has been noted, and students responded by building LEGO around it to keep it
in place on models. Because of the clear need for sharing (the bricks are expensive), the RCX brick needs to be

designed so that it can just slot onto the top of any model.

There was also a serious problem with powering the
brick, or rather the brick running out of power and losing
student programmes. Changing the batteries (there are
lots of them and they are expensive) too frequently wiped
out the memory, and we see no reason why rechargeable
battery packs should not be fitted. These then could be
charged directly with a lead (like a mobile phone). The
lack of a charging socket seems to us (and to every

teacher in the pilot) a strange oversight.
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The software was generally thought to be good and intuitive, with little help needed for students to get on with it.
However, on several occasions the downloading of programmes from the tower simply failed. It took a good
deal of fault finding to realise that the source of the problem was the fluorescent lights in the room. The typical

low-tech solution was to use the lid of a cardboard box as a ‘hat’.

the acid test .... what about next year?

A good way to summarise the data from our observations of classrooms and the final round of interviews is to

report the range of responses to the question; “based on this experience what will you do next year?”

“Next year we will modify the yr. 7 project... we’ll do more
research on the yr 8 project where the RCX brick has much
potential...” (teacher 1)

“Definitely we’ll be doing LEGO ... no reason for it not to be
part of the curriculum at KS 3... it will be very beneficial ...
we want to use it as a vehicle to introduce various topics.”
(teacher 3)

“l would like to use it as a stimulus for club work... we
couldn’t use it as it is with any year group.... we would use
and adapt bits, but without alteration we could not use it in
the curriculum.” (teacher 5)

‘It will be integrated into all year groups (at KS 3) but as
shorter projects...what they did this year was too long and
didn’t sustain their interest. We’'ll use bits and adapt it to our
own needs.” (teacher 6)

“The reason for not using much of the resource
next year is that | fear it has a lack of creativity
given the small space of time, and | don’t fancy
the management part of it.” (teacher 10)

“We’ll use it next year, but it will be a problem if
we can’t expand the number of kits to run more
than one group at a time. We’ll be looking to
adapt things so the models can be unpicked at
the end of lessons for the next class to use,
and we’ll change the projects a bit...” (teacher
11)

“The plan is to work through (the rest of this year) and see how it goes...then we will review and develop our
own scheme. Timetabling is going to be a problem because of the storage of half-built projects so that no-one
else can use the materials.... it looks to be a good programme, well worked out, and educationally it makes
sense.” (teacher 12)
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Recommendations

Our comments in this section should properly be addressed to the objectives that launched the project.
Accordingly we will take them in turn, reflecting briefly on the evidence that has emerged during the pilot, and

then on the recommendations that we might offer.

1. Does the LEGO resource create interest and enthusiasm in systems and control for teachers and learners,
thereby encouraging more students to take the ‘systems & control’ option at GCSE in key stage 47?
There is absolutely no doubt that it does. LEGO provides a powerful concrete learning vehicle that supports
teachers and learners in getting to grips with systems and control. Its great virtue as a modelling medium
derives from the facts that:

+ it is quick to use

+ the sense of ‘play’ that it engenders encourages learners to get involved

« it produces models that fit accurately together and moving parts therefore ‘mesh’ properly

+ the construction guides are virtually fool-proof and can be used from the first moment

+ this frees the teacher to act as a progress-chaser and general support

+ it enables teachers to tackle much of the KS3 curriculum for systems & control

For these reasons, in all the pilot schools, we found enthusiasm for the use of LEGO in this new role at KS3, and
in the vast majority of the schools there was a conviction that it would henceforth be a standard part of their

curriculum.
The following recommendations are offered to further enrich the existing strengths of the materials.

Rec1.1 The curriculum folder was vary rarely used to provide support to teachers during lessons, but
was rather used as an overview document at the start of the project. Thereafter it was to be found (usually) on a
shelf in the department office. With this in mind we recommend that it be redesigned as a project planning
document. In this way it could be radically slimmed-down (all teachers needed that), and allow teachers to

customise projects to their own curricula and their own time scales.

Rec1.2 Different pedagogic models were observed to be at work in the three units of the curriculum. For
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example, part one was knowledge-led, and arrived at design challenges at the end (activity 10), whereas part
two started off with levelled design challenges which then led info knowledge acquisition as a resource for action
on the challenges. We recommend that that this latter approach (task-led rather than knowledge-led) is adopted

and developed in the planning guide (Rec 1.1) as it is more appropriate for design & technology settings.

Rec1.3 The ownership of finished objects is an issue. Where much time and intellectual energy is
expended on developing a LEGO solution, it is dispiriting for students and teachers to have to break it all up at
the end. We recommend that the planning guide (Rec 1.1) provides guidance on creating ‘real’ objects, using the
wider resources of a design & technology department, once the principles have been explored and modelled in
LEGO.

Rec 1.4 The real objects resulting from Rec 1.3 will probably still require a small number of key LEGO
components. These components have then to be seen as ‘consumables’ rather than as a fixed and reclaimable
modelling kit. We recommend that LEGO provides a fast and economic replacement service to allow consumed

components to be restocked by departments.

Rec 1.5 The issue of continuity from KS3 to KS4 (GCSE) arose in that schools typically use PIC chips
and ‘Logicator’ for systems & control at GCSE. The problem then is the lack of transferability (and hence
progression) of learning using RCX programming in KS3, which can only be discarded at KS4 as teachers focus
on PIC programming. We recommend that LEGO considers this continuity problem — possibly by building links

into Logicator, or possibly by developing alternative KS 4 avenues within LEGO.

Rec 1.6 The RCX brick was warmly received by schools, principally because the software is intuitive and
easy for students to learn. There were some practical problems however, the most important being the need for
a recharging system. We recommend that in any subsequent models of the RCX brick, LEGO builds in a

recharging facility similar to that in mobile phones.

2. Does the LEGO resource encourage creativity and innovation in the curriculum, through teachers’
development and delivery of the curriculum and through students’ response to their tasks?

The evidence here is less convincing, and the pilot study has revealed a paradox that LEGO needs to grapple
with. The construction guides take learners through the step-by-step construction of a model. The more ‘fool-
proof’ the guides become, the more they guarantee that the end products for learners will all be the same; time
after time. This fail-safe duplication is antipathetic to the risk-taking adventurousness that is characteristic of
creative behaviour. So, perversely, the more successful the guides become, the more they fail the creativity test.
We believe that this is why we observed more creative behaviour in the use of the kits when learners were not

following the guides, but were in effect ‘off-task’ exploring possibilities beyond the constraints of the guide.
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The success of the construction guides in supporting learners is a great strength — but it needs to be
supplemented with other materials to enable LEGO to pass the creativity test. These other materials need to
create uncertainty and force exploration and decision-making onto learners. The file of curriculum materials for
the pilot was not used as a day-to-day teaching guide and therefore was not able to do this job.

Uncertainty and decision-making could be made to arise by making the guide more schematic and less fool-
proof, or by providing alternative routes to a solution each with strengths and weaknesses, or by facilitating

alterations and developments once the model is initially ‘completed’.

Rec 2.1 We recommend that LEGO develops the concept of the construction guides so that they are
layered’ (differentiated) with uncertainty. One layer of the guide could be viewed as fool-proof (as the guides
currently are). A second layer could be viewed as semi-fool-proof, with some clear starting points but with
progressively more schematic guidance, forcing learners to make decisions and explore possibilities as they
proceed. A third layer could be almost entirely schematic, providing a number of overview target possibilities but
with only sketchy guidance as to how these targets might be achieved. In this way, learners would be
transformed from being rule-followers and empowered to become designers. To achieve this, the guides need to

become sophisticated pedagogic tools rather than just ‘right-answer’ devices.

We believe that the ‘right-answer’ nature of the current materials — along with the repeated suggestions in the
curriculum that pupils ‘build’ and then ‘investigate’, explains why the pilot teachers saw the materials as
‘sciency’. This is classic science behaviour. But it is not designerly behaviour which is typically more exploratory
and open-ended. The concept of ‘layered’ guides would enable teachers to be sciency if they so wish (by using

layer 1), whilst enabling other teachers to be more designerly, (by using layers 2 or 3).

Rec 2.2 The construction guides need fto illustrate (at least schematically) how alternative (non-LEGO)

materials might be attached to and incorporated within LEGO structures.

Rec 2.3 During the pilot, the bulk of learner activity in schools centred on the interplay of the guides with
the kit. The guides aided construction, reducing very substantially the need for teachers to guide the
construction. However, the teachers were needed to support learners’ understanding of the systems being built,
and this role would be made pedagogically more sophisticated in the event of ‘layered’ guides (rec 2.1). In this
situation teachers would benefit from additional support material. Specifically we recommend that — in
association with layered guides - LEGO develops sets of photo-copyable sheets illustrating, labelling and
providing technical notes upon the main elements that are central to the systems & control curriculum as it can
be explored through LEGO (eg) rotary to reciprocating, or linear to oscillating motion. Such materials could
underpin the development of learners’ technical vocabulary as they work on the models, and enrich the

theoretical understanding that can be explored through the models.
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Rec 2.4 The ‘boxing’ of LEGO raises several issues. First it impacts on the organisation of group work
(so many students per box). Second it demands careful re-boxing at the end of the lesson/activity. Third, the
issue of boxing is changed if the procedures of modelling are less prescribed (rec 2.1) and the outcomes
therefore less predictable. For all these reasons we recommend that LEGO considers offering the kit in
alternative packages — for example we particularly recommend that LEGO explores the potential of generic class
sets of non specialist items for general-purpose modelling. Naturally, we also recommend that the illustrations
on boxes be rendered in a way that suggests many possibilities rather than one right answer. The power of

those images is enormous in shaping learner expectations and aspirations.

3. Does the LEGO resource encourage cross-disciplinary learning in the context of energy and the

environment?

This aspiration was (arguably) compromised from the outset by the need for the pilot to be ‘championed’ by the
design & technology staff in the pilot schools. Interdisciplinary initiatives are difficult to operate in a curriculum
that is carved up into subject areas. Having decided that design & technology is the heartland of these
materials, the strength of operating this pilot through design & technology staff has been that the teachers made
sure that the materials worked and gave a valuable experience to learners. It was however an almost totally
subject-centred experience. This is not the fault of the materials, or of the teachers, but is a de facto
consequence of the structure of the curriculum. This tendency is reduced somewhat when the materials operate
in a ‘clubs’ setting outside the formal curriculum, but even then the club is run by a member of staff who is quite

properly concerned with (and expert in - and seen by pupils as being attached to) a subject.

Several teachers / schools developed projects that demonstrated clear connections to other subjects —
particularly to geography (eg. concerning sustainable environments) and to science (eg. concerning the
efficiency of systems). But these connections were fleeting and based principally on the design & technology
teachers’ grasp of these ‘other subject’ concerns. In short, through no fault of the participants, we believe that

the cross disciplinary potential of the materials has not been explored in this pilot.

Rec 3.1 If the cross-disciplinary potential of these materials is an important issue for NESTA and LEGO
then we recommend that this potential be explored in curricular settings that are not subject divided. We are
aware of schools with curricula at KS3 that replicate a year 5/6 (primary school) model of topic based activity.
The Royal Society of Arts is currently running its “Opening Minds’ project in several pilot schools with this open,
project-based curriculum structure at KS3. It would be very interesting to evaluate the impact of these materials

in such a setting.
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4. Post-Pilot activity recommendations

The project has made huge demands on teachers’ time and energy. They have had to learn new skills (eg in
programming the RCX brick), they have had to redesign their curricula, and they have had to do this against an
unrealistically sharp time-line. They received the curriculum before the Easter vacation and had to implement it
immediately after that vacation. They deserve the wholehearted thanks and congratulations of NESTA and
LEGO.

During this pilot, the teachers have fought their way up a fierce learning curve and are now far more competent
and confident with the materials than they were when they launched the projects with their students in May.
Confidence is a key factor in creativity, and we believe that the teachers are now far more likely to generate
creative responses with students than they were in May. In short the 1% round of these materials was a learning
time for all participants. The 2™ round is now underway in schools with teachers adapting and customising the
materials in the light of their new skills and experience. It is inevitable that far more creative things will happen in

the schools this year than were observed in the pilot.

Rec 4.1 We recommend that NESTA / LEGO continue to monitor activities in the pilot schools that
choose to continue with the LEGO materials. We recommend that this should involve the continuing supply of
resources to schools (eg.refreshing the kits),; the continuing allocation of budget to allow the project research
officer to visit the schools and keep them ‘warmed’ to the wider aims of the project; and a continuing commitment

to a further de-briefing event that draws all the teachers together in June 2003.

Rec 4.2 We recommend that the replication and wider dissemination of the project and its associated
materials should be planned during this year. The 2™ phase nature of the year would allow NESTA /LEGO, in
association with pilot schools, to develop an ‘induction’ package that schools would find easy to adopt and
rewarding for students at KS3. The de-briefing event (Rec 4.1) could be used to confirm the package — which
could be launched at the DATA conference in July 2003.

The assessment of student performance was raised several times by teachers. They pointed out that the current
materials provide no guidance on this matter and provide no appropriate tools for supporting judgements of
quality about students’ work. Set against this weakness is the fact that Balchin’s PhD is concerned with

developing tools to support the assessment of creative performance in design & technology.

Rec 4.3 We recommend that the research officer’'s PhD studies be offered continuing support by NESTA
/LEGO. Further, we recommend that the pilot schools be invited to collaborate in the assessment project,
piloting Balchin’s assessment approaches specifically in the context of the LEGO materials. We believe that the

schools, LEGO and NESTA have much to gain through this collaborative research venture.
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