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Executive summary

Introduction

Millimetre-Waves: The vision for the future was a partnership between the
Department of Physics at the University of St Andrews and FifeX, an
exhibition design company. It was funded by the Engineering and Physical
Sciences Research Council (EPSRC).

The project aimed to promote mm-waves research and highlight its
applications and societal implications. It involved an interactive exhibition,
talks and schools workshops. The evaluation considered the opinions of
students and their teachers, public audience members, project partners and
presenters. Details of all of the activities can be found on the project
website: http://www.vision4thefuture.org

Findings: exhibition

“I liked the fact that there was some controversial science included”
[visitor, Cheltenham Festival of Science]

Over 80% of visitors felt that the exhibition was very interesting and very
educational. Most also felt that it was interactive and fun. The fact that
‘real scientists’ were on hand to explain their research was a strong success
factor for the exhibition.

As well as learning about mm-waves, visitors said the stand had raised their
awareness of one specific application or the range of applications of mm-
waves technologies. Around a quarter of questionnaire respondents said
they were more interested in science as a result of the exhibit. Over two-
thirds said they were likely to continue to discuss the issues raised.

Findings: schools workshops

“I thought it was great how millimetre waves can see through more
things than other technology and it was good fun learning it”

[school student]

The schools workshops were well-received by both primary and secondary
students. Over half of primary school students and over a third of secondary
students said the workshops made them more interested in science.

The majority of the workshops were run with primary school students. A
series of factors that influenced their effectiveness was identified:

 Students enjoyed the interactive nature of the workshops;
 Having enough time for each of the workshops was crucial to their

success;
 Ensuring every student could take their turn was very important;
 Making sure the science was well explained was essential;
 Students were highly sensitive to the level of enthusiasm that

different presenters or demonstrators displayed.



Conclusions

 The project was an excellent way to highlight real research
applications;

 The aim to provide a forum for discussion was partially met as
discussions with scientists took place at events. However, capturing and
continuing these discussions via the comments board and web forum was
less successful;

 The exhibition was successful as a mechanism for engaging science
festival visitors with mm-waves;

 The workshops have a sound basis but further refining is possible.
The activities themselves are well-developed, but issues such as timing,
enthusiasm and ensuring each student gets a turn need to be ironed out;

 The workshops and exhibition have clear educational value;

 The workshops appeared to have stimulated an increased interest in
science among some participants. This was linked strongly to the hands-
on approach taken;

 The team’s commitment and enthusiasm for the project was crucial to
its success;

 However, issues of staff time availability meant that aspects of the
project such as organising the schools tour suffered;

 There have been several positive impacts for the research group,
especially the transferable skills developed in communication and
electronics;

 A particularly positive outcome followed the development of the SAFIRE
radar, the first of its kind. The team have gained publications and
significant industrial funding as a result of this.

Recommendations

1. Decide on a way to ensure that workshop participants have enough
time to complete the activities;

2. Methods for delivering each of the workshops and the exhibition
should be recorded;

3. Embed activities in the work of the research group;

4. Choose high profile events carefully;

5. Collaborate with other research groups at the University in public
engagement;

6. Consider a permanent exhibit at a science centre;

7. For future bids, fund another staff member or more time to
coordinate activities.

8. Consider ways to extend the discursive element of the project;

9. Disseminate the work to the wider mm-waves research community.



1 Introduction
Millimetre-Waves: The vision for the future was a partnership between the
Department of Physics at the University of St Andrews and FifeX, an
exhibition design company. It was funded through the Engineering and
Physical Sciences Research Council’s Partnerships for Public Engagement
(PPE) awards scheme.

The project had the following aims:
1. To promote science as an academic subject and a hobby;
2. To promote science and technology as a subject choice for higher

education or any post-school activity;
3. To promote the work of research scientists and highlight the real life

applications and societal implications of their research;
4. To provide a forum for audiences to share their opinions on the issues

surrounding the science.

The project communicated these messages through a range of activities and
media. These included:

1. Workshops aimed at secondary school students;
2. Public lectures and Cafés Scientifiques;
3. Exhibitions at science festivals and in science centres;
4. A website with links to the project resources and a discussion forum.

The main scientific themes that were included in the project materials are:
 The science of mm-waves including the electromagnetic spectrum

and applications with volcanoes, including a section on being a
scientist;

 Security and privacy including scanning applications at airports;
 Radar applications such as automatic car steering;
 Earth and beyond applications including COBE, climate change and

fusion diagnostics.

2 The evaluation

2.1 Evaluation questions
The evaluation addressed the following questions:

1. Did the project effectively meet its four key objectives?
2. What was the cognitive (understanding) and affective (attitudinal)

impact of the activity on its various target audiences?
3. How and why did the impacts of the different activities in the suite

differ?
4. Did the activities represent appropriate media for communication of

the project messages?
5. What lessons/good practices are there from this project that would

be of use to future practitioners?



The evaluation considered the opinions of students and their teachers,
public audience members, project partners and presenters.

2.2 Methodology
The evaluation used a mixed-method approach to collect quantitative and
qualitative data about the project. Methods include:

 Observation of the exhibition stand at science festivals;
 Interviews with stand visitors at the pilot stage;
 Audience questionnaires for public exhibitions and lectures;
 Observation of student workshops;
 Student and teacher questionnaires for schools workshops;
 Student focus groups for schools workshops;
 A debrief day to capture deliverers’ experiences and learning points.

We also intended to use an electronic voting system to capture the opinions
of students during the schools workshops; however it was not possible to
obtain such a system, so paper questionnaires were substituted. The
original plan was also to include some evaluation questions in the electronic
parts of the exhibition, but as the screens were eventually used for video
rather than interactive displays, this was not possible.

The exhibition questionnaires doubled up as comment cards at some science
festivals, where audience members could record a question or concern
about mm-waves that one of the scientists would respond to.

2.3 Reporting
The materials were piloted at Cheltenham Festival of Science in June 2007.
Evaluation was undertaken using questionnaires and interviews, as well as a
debrief discussion with the project team. A report was produced with
recommendations for improving the stand.

A further report was produced after the first schools workshops were
delivered at the BA Festival of Science in September 2007. This report
made a number of recommendations for work with schools.

This report draws together all of the data collected throughout the project
to form some general conclusions about its impact and identify good
practice and learning points.



3 Project delivery

The project centred on the development of an interactive exhibition on
millimetre waves and their applications. The exhibits were used to target
both public and schools audiences as stands at science festivals or activities
for interactive schools’ workshops.

3.1 Activities
Details of all of the activities can be found on the project website:

http://www.vision4thefuture.org

3.1.1 Exhibits
A number of exhibits were developed that were used as part of science
festival displays and other large-scale events. Some detail on each is given
in this section.

Display Pods
A set of portable pods was used to
enclose different display elements.
Each of these pods was a half
hexagon shape. They could be
assembled by pushing two together
to make a full hexagon (for a free-
standing display) as shown in the
photo, or by individually pushing
one against a wall.

Pod Element 1 – Display boards
explained the science and
applications of mm-waves.
Following pilot feedback, the text
on the displays was simplified and
some acronyms and jargon
removed.

Pod Element 2 – Video screens
showed videos about mm-waves
including mm-wave images. The
screens incorporated buttons to
control the movies. This also

allowed them to be used as teaching tools so that the staff could cycle
quickly through movies and images. These worked best when placed near
the outside of the stand area as they drew visitors in.

Pod Element 3 - A comments board (just visible in image) allowed visitors
to record questions or comments for the scientists.



Pod Element 4 - An infra-red camera and display screen worked well to
attract visitors at science festivals. Over the course of the project, the
team developed a few simple demonstrations to extend this activity, e.g.
using a spray bottle filled with water to cool down materials such as visitors’
jumpers.

The AVTIS scanner was displayed at some venues: the actual scanner used
to map volcanic activity using mm-waves. It produced real time scans of
exhibition rooms.

SAFIRE (pictured) is a real-time mm-wave
radar that can map the positions of people in
the room in real time. SAFIRE served a dual
role in the project: in exhibition form, it
constantly scanned its surroundings and its
visual output was displayed through one of the
pod screens; in the workshop, it formed the
basis of one of the activities. SAFIRE is the
first radar of its kind ever to be developed; as
such it posed significant technical hurdles. As
a piece of engineering, its success has led to
further industrial funding for the research
group.



The transmission
wheel was an
interactive exhibit
built by FifeX
specifically for the
project. It showed
the extent to which
different types of
electromagnetic
radiation
penetrated
different materials
such as fabric, glass
and wood.

At the pilot stage, a scalextric track exhibit was developed. Speed guns
were used to measure the cars’ speed and demonstrate an application of
radar. However, it was felt that this did not fit in well with the other
exhibits and so this part of the exhibition was developed along different
lines into a section focusing purely on the Doppler effect (see below).

Pixel boards demonstrated high and low resolution images. These were
simple and effective in terms of demonstrating resolution. At the pilot
stage, they were thought to be too heavy to hold and so were subsequently
mounted on swivel stands (pictured below). Shapes were also designed to be
used with the boards (also pictured).



3.1.2 Workshop elements
A presentation and four interactive workshops were developed. Each
individual workshop section had a number of components and further detail
about these is given in this section.

An introductory presentation provided the basics about the science of mm-
waves. After this, smaller groups of students participated in a circuit of
activities.

Seeing through stuff
investigated how different
wavelengths pass through various
materials in different ways,
illustrated by a comparison
between visible, infrared and
mm-waves. This workshop was
based on a portable version of
the transmission wheel and
used various materials with
which participants could
experiment.

Picture Perfect? Explored the concept of
‘resolution’ and how it affects imaging. In
particular, users explored what would affect
someone’s ability to identify objects, such
as shapes, colours, contrast, brightness etc.
This workshop used a number of activities:

 The pixel boards above were used
in more detail;

 Webcam software was designed to
take pictures at different
resolutions;

 Images were compiled both
digitally and in poster-form as a
challenge for users to see what
affected their ability to identify
pictures at different resolutions.



Cops and Doppler was about the
Doppler Effect and how it works.

Doppler sensors were designed
into a new exhibit which related
the motion of a user to sound –
this allowed the users to ‘hear’
the speed. A game was designed to
see who could move the fastest.

Radar in a room used SAFIRE: the radar
built specifically for this project. It
created a real-time radar map of the
room (see image) in which participants
could identify themselves and other
objects.

The radar itself was designed with a
transparent side panel meaning that
users could see inside and all the key
components of the radar could be
explained.

A concluding presentation summarised the workshop activities allowing
users to feed back what they had learned and ask questions. In shorter
workshops, some of the participants would not have been able to see all the
workshops and so this section allowed the other participants to explain what
they had learned and vice versa. Finally, examples were given of some
applications not included in the workshops, such as mapping volcanoes and
landing planes in fog.

3.2 Delivery metrics
The project initially aimed to engage 2500 school students and 30000
members of the public with the science and technology of mm-waves.



Over the course of the funding period, we estimate that nearly 40,000
people have engaged with the project in some way, with over 600 attending
a lecture or science café and 3500 experiencing a one-on-one interaction
with the scientists at exhibitions or during schools workshops.

Summary totals for the different types of delivery are given in the tables
below:

Types of activities delivered Number delivered

Talk / science café 19 sessions
Schools workshop 39 sessions

Exhibition 26 days

Audience type Numbers

Talk / science café 602
Workshop (schools) 999
Exhibition: public 21794
Exhibition: schools 15345

Exhibition: others (e.g. university staff) 775
Exhibition: total 37914

Grand total 39515

Levels of engagement Numbers

Talk / science café 602
Workshop (schools) 999

One-on-one with scientist at exhibition 2500
Brief engagement with exhibition 35414

Grand total 39515

3.3 Project website
The website is in its third version and contains a wealth of information and
resources related to mm-waves. In the period since its release it has had
over 1800 visits and over 7300 page views.

http://www.vision4thefuture.org



4 Findings: public exhibition
The exhibition was displayed for 26 days over the course of the funding
period, reaching a maximum audience of around 38,000 visitors. Where the
stand was manned, it was estimated that each scientist had a one-on-one
interaction lasting more than 5 minutes with 50 people per day, giving a
total of 2500 such interactions over the course of the project.

84 exhibition questionnaires were collected from four venues:
 Cheltenham Festival of Science (55)
 Moray winter science festival (17)
 Cardiff mm-waves conference (5)
 BA Festival of Science, York (7)

In addition, 52 interviews involving 90 visitors were conducted during
Cheltenham Festival of Science in 2007.

The age ranges and gender balance for questionnaire respondents are
presented in the graphs below.

Respondent age ranges
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Respondent gender balance

41, 66%

21, 34%

male

female

The age ranges reveal that family audiences were most likely to attend the
science festivals. Males are over-represented in the sample, making up two-
thirds (66%) of respondents.

4.1 Observations about the stand
Many observations were made about the layout of the stand, especially at
Cheltenham Festival of Science during the pilot. Key points are summarised
here:

 The IR camera appeared to be the initial draw for most visitors. The
demonstrations with the spray bottle are very engaging.

 Visitors spent any length of time from a couple of minutes to over an
hour at the stand. Longer visits usually involved discussions with one
of the scientists.

 Many visitors stopped to watch the video playing on the screen that
faced outwards from the stand area.

 The display is an effective way of facilitating discussions between the
scientists and visitors.

 The impact of the exhibits is greatly increased when the scientists
are there to facilitate. Lots of visitors were looking only briefly then
walking off while the scientists took their lunch breaks.

 The impact of the stand suffered when there was insufficient space,
such as at Moray Science Festival.



4.2 Visitor experiences

4.2.1 Overall opinions of the stand

Visitors' opinions of the exhibition
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Most visitors that completed questionnaires felt that the stand was very
interesting and very educational. Over 80% also felt that it was ‘quite’ or
‘very’ interactive and fun.

Lots of interviewees described the stand as ‘good’ or ‘informative’. Visitor
comments about the stand included:

Really good to hear about applying technology for good reasons
e.g. runway debris clearance

It was good to see real hardware and not just computer screens

There is a lot of information here. A handout would be good to
help me and my pupils remember it

The volcanoes were the most interesting thing because I am doing
them at school. The people on the stand were happy to answer my
questions about them

I liked the fact that there was some controversial science included

Having real scientists - good to see scientists explain their work

Someone had made the effort to make it accessible

4.2.2 Favourite and least favourite parts of the stand
Visitors were asked to write down their favourite aspect of the exhibition.
Different visitors cited different areas as their favourite, but the infra-red
camera appeared to be the most popular with 20 mentions. Visitors also
enjoyed the pixel boards (5), the transmission wheel (4) and hearing about
volcanoes (3). Many visitors liked aspects of the stand that linked to the



various applications of mm-waves (9) and several mentioned the videos and
computer screens (4). Two visitors mentioned the radar, and one
mentioned AVTIS, although these parts of the stand changed midway
through the project so this is probably an unfair measure of their popularity.

Finally, six visitors described the importance of having the science
explained to them by researchers in the field.

Example quotes: what was your favourite part of the exhibit and why?

Infra red imaging - interactive

Some of the video examples. Cool applications

Imaging systems and security - this will become important

Seeing and using exhibits to explain pixels

The radar in the room. Easy concept to get hold of, fun to
experiment with

The people and their enthusiasm

Only ten respondents described a part of the exhibition that they didn’t
like. At Cheltenham Festival of Science, some of the comments were that
the boards contained too much text and that there wasn’t enough space.
The displays were changed for later events. Two respondents thought the
volcano section was the least interesting: one said because it was not
interactive. Another commented that the videos were too long and one
person would have liked a handout to take away.

Example quotes: what was your least favourite part of the exhibit and why?

Too much text

Volcano topography - just info and not interactive

No handout to take away

4.3 Impacts on visitors

4.3.1 Learning
From the feedback above, it is clear that visitors enjoyed talking to the
scientists at the stand and interacting with the exhibits. The responses here
can be divided into three themes, which are outlined below and illustrated
with quotes.

Many visitors described learning something of the science behind mm-waves
or the electromagnetic spectrum. Twenty responses fell into this category.
Examples include:

The idea of wavelength affecting image quality

What infra-red actually means!

Waves can travel through things

How mm-wave imaging works



About mm waves and the fact that they exist

The difference between less pixels and a lot of pixels

Many respondents also described specific applications of mm-wave imaging
as learning points. Examples of the eleven responses that fell into this
category include:

Use of radar in volcano monitoring

About use of radar for finding debris

Millimetre waves can see through ash

Mm wave security

A similar number of respondents described the range or importance of
applications as their learning point. Examples of the twelve responses are
given below:

Importance of thermal imaging, mm waves

The application of science in my world

How science, research and practical applications work together

Applications of mm-waves are so wide ranging

Three respondents felt they learned nothing from the exhibit: two of these
were professionals that already worked in the field, so this was unsurprising.
However, it became apparent during the interviews conducted at the pilot
stage that the messages visitors were leaving with were not always clear.
The interviews were an opportunity to explore the learning in more depth,
and this threw up questions for some interviewees. These questions
included:

What was the IR camera for? What is a mm-wave? How close is
the scanner to the volcano – would it get damaged?

What is the relationship of the uni to money making activities?

What is the main message of this stand?

Why are these scientists here – are they looking for funding?

Changes were made to the panels to address these questions and make clear
the positions and affiliations of the scientists working on the project.
However it is interesting that the questionnaires alone did not reveal these
concerns. When asked, many interviewees described what they had learned
about infra-red rather than mm-waves. The IR demo was very engaging so it
is important to have clear links with this and the key project messages.

4.3.2 Changing attitudes towards science / engineering
Many visitors to science festivals have positive attitudes towards science1,
which was revealed in some of the responses to the question about whether

1 See for example: Grant L (2005) Comparative evaluation of science communication activities and
their impacts, University of Liverpool, chapter 6



the exhibit had changed how visitors feel about it. Thirty-two respondents
reported no change, eleven reported a change (all positive, many said it was
more interesting after the exhibit) and three were unsure or unclear in their
response.

Comments included:

I've always been interested in science

Not really - already convinced of importance

Feel more interested in the issue of airport security

Yes - science/engineering seems less remote

Yes, made me more interested

4.3.3 Stimulating discussion
Questionnaire respondents were asked whether they were likely to continue
to discuss any of the issues raised by the exhibit. Over two-thirds (70%) said
yes, three people said no and the remaining quarter (25%) were not sure.

Exhibit visitors: are you likely to continue to discuss the issues
raised?

41, 70%

3, 5%

15, 25%

yes

no

not sure

At Cheltenham Festival of Science, the comment cards were an interesting
addition to the stand. Without the space for these to be displayed at other
events, very few visitors left comments.

Example comments and questions (and the answers provided by the
scientists) are given here:

 I'd be happier with a mmw scan than a CCTV camera every 30m in the street

 I'd much rather be mm wave imaged than have a pat down search



 How much does this procedure cost? And is it worth the money? mm-wave
imagers can cost from £30,000 to over £250,000. Perhaps this is worth the
money if it prevents another 9/11?

 Which airports are using these imagers? They have been trialled at Heathrow,
Gatwick and several airports in Europe and the US. As the technology is new
they are yet to be used on a widespread basis

 Why do you need to look at volcanoes? To warn people that live nearby -
volcanoes can be covered in cloud for months at a time - the millimetre waves
see straight through to the activity and heat

 Don't these things give you cancer? No! - They use less power than a mobile
phone if they are shining millimetre wave light - most are just like a normal
camera, capturing the natural light

 How do you guys even start making an instrument like AVTIS? With the idea:
can we use mm-waves for this? Then we try a few simple tests (like measuring
how reflective volcanic rock is). Building the instrument takes a lot of design
and time, but essentially starts from one basic drawing of the layout

 Isn't looking through someone's clothes infringing their personal rights? That
depends on your point of view. You are only being imaged to screen for
terrorists hiding weapons in order to make travel safer

Initially, the web discussion forum was designed to provide a space for these
types of debates to continue. Unfortunately the forum was not widely used,
so was closed down.

4.3.4 Further comments
In the final section of the questionnaire, visitors were invited to add further
comments or suggest improvements to the stand. Several themes were
identified in the responses:

Many visitors used the space to say ‘keep doing it’ and express their view of
the importance of activities such as the exhibition. Comments included:

Keep doing it, keep it interactive

Just continue to allow people to try things out with experiments
to see for themselves, particularly children

Several respondents wanted the team to do more, by extending the size and
types of activities within the exhibition. Expanding the project through
publicity and using venues such as science centres were also suggestions:

Do some more activities

Larger - more space

Make sure this is well-publicised

Three visitors suggested making the exhibits more interactive:

Well done overall. Could use less text and more interactivity

More interactive elements



Some visitors also suggested producing a handout or giveaway:

Something to take away for kids

Need leaflets as reminders of demonstrations

4.4 Opinions of the scientific community
The stand was displayed at the IRMMW-THz technical and commercial
exhibition for three days during September 2007. The exhibition ran
alongside a full conference programme (where members of the team were
presenting papers). The stand was an outstanding success. It was very well
received by a specialist audience, some of whom said they could see the
benefits of having such a professional display, which would attract potential
collaborators and sponsors.

Comments from visitors included:

This is the best stand here

The link between science and ethical considerations are brilliantly
made and relevant to everyone.

I expect most people underestimate the resources that go into
something like this. It looks wonderful

It is important that this does not become a ‘second job’ for the
team. They need to carry on their research- it is the foundation
of what they do and without it this outreach work would lack
credibility.

Please publicise how you have done this and the benefits. We
need this information to persuade our colleagues to do something
similar.

What has the exhibit cost?

What are the impacts on your research of doing outreach?

The stand was highly successful and there appears to be a great level of
interest in the project from the scientific community.



5 Talks and debates
Fourteen talks and debates were delivered throughout the course of the
project. Unfortunately it was not possible to collect data using the
questionnaires from all of them.

However, some feedback on the talk at Cheltenham Festival of Science was
obtained. The Surveillance Britain debate was attended by c.70 people.
The approximate male/female ratio was 60/40 (for questionnaire responses
this was 53% male, 47% female). The audience were attentive throughout
the event and only one person left before the end of the talks and three
during the questions.

Several questions were asked about the ‘morality’ of surveillance. The mm-
waves researcher was asked specific questions about the effectiveness of
surveillance technologies and also raised a point about public reaction if
they discovered technology had been available but not used to prevent
incidents.

The event provided a good opportunity to promote the work of the group to
people who would not necessarily have visited the Discover Zone, where the
exhibition stand was located.

Audience impressions: Cheltenham talk
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Overall, audience impressions of the debate were positive. Most
respondents (89%) said they were likely to continue to discuss the issues
raised at the event and two respondents were unsure whether they would.
No respondents said they were unlikely to continue the discussion. All but
one of the respondents said they would attend an event like this again.
Comments included:

Thought provoking

A good event that was constricted by the time allowed - not a
tight enough programme

Never enough time for this interesting subject



6 Schools workshops
The schools’ workshops were evaluated in two ways. Firstly, an evaluator
attended workshops for two days at the BA Festival of Science in September
2007. Questionnaires were distributed to students and teachers at these
events. Secondly, four focus groups were conducted with students that had
participated in the workshops at the University of St Andrews in June 2008.
This section of the report summarises the findings from these two data
sources.

6.1 Workshops at the BA Festival of science
The mm-waves team ran a series of workshops as part of the Young Peoples’
Programme at the BA Festival of Science on 11, 12 and 13 September. The
stand and workshops took place in the Sports Tent, which was the site of all
KS2 and 3 activities and was extremely hot and noisy.

Each workshop comprised 4 interactive activities and the stand. Visitors to
the Festival were able to view the stand at time when workshops were not
taking place

An evaluator was present on Wednesday 12 and Thursday 13 September.
She observed the following workshops:

Wednesday
 1 x KS2 session (16 students – 9 Y x 5 and 7 x Y6)
 3 x KS3 sessions (37 students – 36 x Y7 and 1 Home Educated)

Thursday
 1 x KS4 session ( 20 students - Y10)
 1 x KS2 special needs (12 students)

The KS2 and KS3 sessions lasted 45 minutes and students completed a
selection of the workshop activities and no worksheets. All 53 KS2 and 3
students completed the primary questionnaire.

The KS4 session lasted 90 minutes and all the students completed every
workshop activity including the worksheets. The 20 KS4 students completed
the secondary questionnaire as did one KS3 home educated student.

10 teachers/ home educators completed the teachers questionnaire. Seven
visitors to the exhibition also completed exhibit feedback questionnaires.

6.2 Observations
The five presenters were enthusiastic and professional. They coped very
well with the noisy and hot conditions. They were able to engage with
students from a wide range of ages and educational abilities.

The presence of a member of the team from Fifex removed much of the
organisational/administrative burden from the presenters, enabling them to
focus on the development and delivery of the workshops.



A number of students returned to the stand at lunchtime and were
overheard telling their friends how good and interesting it was.

The KS4 students seemed unsure what to do with worksheets i.e. hand
them in or take them away. They also found them difficult to complete
when stood up.

Radar in a room technology sometimes froze or broke down. It also seemed
to rely on the presence of a particular presenter.

Feedback questionnaires were only handed out when the evaluator was
present. The rulers were very popular and proved to be a good incentive to
complete the questionnaires.

6.3 Questionnaire responses

6.3.1 Teacher questionnaires
The questionnaires were completed by the following:

 1 x special needs
 3 x home educators
 4 x secondary teachers
 2 x primary teachers

Every teacher rated the whole workshop and individual elements as good or
very good. Their reasons included:

Presenters engage with children and are enthusiastic about the
subject

Highly informative. Clever and helpful analogies. V.good
equipment/demonstrations

Activities were interactive and fun

Pitched at a level that was accessible but also challenging

Overall it was very good. Sometimes the presenters used jargon,
which the students did not understand

Six teachers rated the workshop as ‘very interesting’ and six as ‘very
interactive. Seven said it was ‘very educational’ and five rated it ‘very fun’.
Both primary teachers stated that the content was a little advanced for
their age groups.

Every teacher identified something that their students had learned from the
workshop. The learning points included:

About Infra Red to see different temperatures

Basic understanding of waves and applications

They were able to link whole EM spectrum together as a quick
overview - it brings together knowledge and previous ideas



They have a better understanding of resolution (some good
practical activities) and an understanding of the uses of this
technology.

The Doppler effect and the use of radar amongst other things

Every teacher agreed that workshops were an effective way of stimulating
interest in science and engineering. Among the reasons given were:

We are finding out that class visits are talked about and
remembered far more readily than routine lessons. They DO
stimulate.

Children accept the way things are - they need to be challenged
to think and understand.

Anything hands on really engages the children. They learn first
hand and remember and take things further later.

The hands-on activities were rated as the most successful elements of the
workshops and the talks the least successful. However in all cases this was
attributed to the poor acoustics and high levels of background noise in the
venue. All suggestions for improvement and comments related to choosing a
different, more suitable venue.

6.3.2 KS4 Student Questionnaires
The questionnaires were completed by 11 females and 10 males aged 12-15.
They were generally positive about the workshop. Responses to the closed
items on the questionnaires are given in the graph below:
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The responses are generally positive with over 90% rating the workshops as
good or very good overall. The individual who rated the closing talk as very
bad said it was because they could not hear it. Those who rated the
worksheets as average or bad said it was because they were boring or
difficult to complete standing-up.



Students were also asked to rate how educational, fun, interesting and
interactive the workshops were. Results are summarised in the graph
below:

Activity rating: KS4, n=21
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Most students felt that the workshop was very interesting and very
educational. Respondents were less certain about whether the exhibit was
fun or interactive, although the results are positive overall. Reasons given
for these ratings included:

The activities were interactive which made them enjoyable

There was lots of info to take in, in such a small amount of time

Could have slowed the talking down

I learnt a lot and most activities involved something interesting

The activities were the best part and anything that wasn't clear in
the introduction was easier to understand in the activity

There was lots of information but at times the language was too
advanced

It is the people just saying stuff and not explaining

A majority of respondents (80%) said they were not sure if they would
continue to discuss the issues raised by the work shop. 10% said yes and 10%
no.

38% said the workshop had made them more interested in science and 62%
reported no change in their attitude, which may be because they were
already interested. Their teacher said they were the top set and all had
chosen to study triple science.

A number of different learning points were identified. They included:

There are many forms of vision

About the Doppler effect and RADAR and more about pixels



That different waves have different frequencies

That mm waves are useful

About infrared and how it is used
The respondents’ favourite part of the workshop was ‘Cops and Doppler’.
Their least favourite was ‘Seeing through Stuff’, which several respondents
said was difficult to hear and others reported as not having enough activities
for them to do.

6.4 KS2 and KS3 Student Questionnaires
43 males and 10 females completed the questionnaire. 36 students were in
Year 7, 9 in Year 5, 7 in Year 6 and 1 (aged 10) was home educated.

The students were positive about the workshop with most (79%) rating it as
good and the remaining 21% rating it average. Among the general reasons
given for this rating were ‘it was interesting’ or ‘enjoyable’. Specific
reasons included:

It was interesting but we spent too long on each activity and the
one I didn't do looked like the best

It was interesting because I had never heard of mm-waves

I never knew that you could see the lava through cloud

I thought it was great how millimetre waves can see through more
things than other technology and it was good fun learning it

Brilliant. State of the art. Some of this stuff could be put to
brilliant use

It was hard to understand - I would do it again definitely.

Students were also asked how much they had learned from the activity and
whether it had changed how they felt about science/engineering:

 62% said they had learned ‘lots’, the remaining 38% said they learned
‘a little’;

 58% said they were more interested in science as a result of the
workshop, with the remainder reporting no change.

Respondents listed a number of learning points about mm waves and waves
in general. These included:

That you can see through things with machines

How police catch people speeding

About the more pixels there are, the clearer the picture

How mm waves can detect things and map them out

The difference between UV rays, mm waves and thermal imaging

The respondents other comments were all positive. They included:

I thought it was all very well explained



Keep doing this workshop!

I hope we get to come again

It was BRILL!

6.5 Feedback from further schools’ events
One of the Masters’ students who participated in the project evaluated
several activities and wrote a detailed report as part of her course2. The
report goes into detail about the development of the workshops and
identified a number of areas where subsequent improvements were made.

A particularly valuable aspect of this work was a focus group with teachers
in early 2008, where the content and level of the science to be included in
the workshops was discussed. Engaging teachers early in the development
also facilitated the collection of further feedback later.

Feedback from students was generally positive, especially when small group
sizes allowed one-on-one interactions with members of the project team.

There is no doubt that this work was very valuable to the project.

6.6 Focus group findings
Four focus groups were conducted with P5 and P6 students from the same
school that attended the workshops on different days during June 2008.
Each group contained five or six students, as follows:

 Group 1: 6 boys, P5
 Group 2: 6 girls, P5
 Group 3: 2 boys, 3 girls, P6
 Group 4: 3 boys, 3 girls, P6

The school was one that includes evaluation in much of its work, so all of
the students were familiar with the process of evaluation. This meant that
the students were experienced in formulating and sharing their opinions.
They were very articulate which made for some very interesting discussions.

Students discussed the different activities in depth and were probed to test
their understanding of the scientific concepts covered. They were also
asked to identify which parts of the workshops they liked most and least and
why, and to rate the days overall. Finally, students were asked to describe
what they had learned and whether the activities had changed the way they
felt about science or scientists.

The mm-waves activities were delivered in conjunction with another set of
activities developed for a different project. Students found it difficult to
separate the two, so both were included in the discussions, although
opinions on the mm-wave activities were probed in more depth. This meant

2 Millimetre-Waves and the Public Engagement of Science, Leila Sattary, April 2008



that some of the impacts reported are impacts for both sets of events
(especially in terms of attitudinal change).

6.6.1 Introductory talk and IR camera
The students were fairly ambivalent about the introductory talk. It
contained considerably fewer demonstrations than the talk at the start of
the other set of activities, and some felt that they marked it down in
comparison for this reason. However, all of the students enjoyed the IR
camera demonstration that formed part of the talk:

P6 Girl: Like cameras, infrared and stuff and it was showing you,
and I thought that was really cool, it was like showing you what
bits were hot and what bits were cold and the man in the talk, he
actually showed you.

They also appeared to have a good grasp of the science behind the IR
camera:

P5 Boy: I think it’s when the water, you spray it on so your clothes
go cold and your hand is hot and your hand protects you clothes so
it gets dry so that’s the bit where you get warm.

Facilitator: Ok. Cool.

P5 Boy: I think it was because he had a hand print and it was in
infrared, and the water darkened it down and the water would
have gone on his hand instead of there so it would have left.

P5 Boy: That would have been in colour but all the rest went
black on the computer.

Students generally seemed happy with the terminology ‘infra-red’ and used
it frequently throughout the discussions without prompting.

6.6.2 Radar in a room
On the whole, the students enjoyed this activity. One of the reasons was
because everyone in the group could get involved at the same time:

P5 Girl: It was quite exciting because you didn’t know what was
going to happen.

P5 Girl: Everyone got a turn at the same time, not like you had to
line up and then get a turn. It was more like everyone got to see
themselves on screen and see how it worked and everything at the
same time.

Students had grasped some of the science behind the radar, although some
said they still didn’t really understand how it worked. Several had a go at
explaining the technology:

P5 Boy: It was a mirror and it spun around and it bounced off
things and it made a map of the room, and it was spinning when
we walked around so it tracked us moving.



Facilitator: So what bounced off it?

P5 Boy: Light, I think.

Many of the students said they liked the fact that the scientist that made
the radar was there to talk to them:

Facilitator: Why did you like that one?

P6 Girl: Because it was interesting and the man had built it by
himself.

P6 Boy: I liked the radar that he made himself that was quite cool

One factor that came up over and over in the discussions was how the lack
of time with the activities affected their success with students. Below is an
excerpt from one of the discussions where students describe how this
affected the radar activity, which was one of the most popular:

P6 Girl: It was really like the idea of it was very good except he
didn’t make it as interesting as it could have been.

P6 Girl: He only turned it on for about less than a minute and
that’s kind of all we got to do apart from talking to himself.

P6 Girl: I thought he included our group quite a bit. He turned it
on for quite a while and let us do what we wanted to. So I
thought he was quite good.

6.6.3 Seeing through stuff
Overall, this was the least popular of the workshops: although some
students enjoyed it, others thought it was a little boring:

P6 Girl: I thought it was interesting because I didn’t know about
the different kinds of light and I didn’t know which would go
through what.

P5 Boy: It was quite boring. All you had to do was put stuff in and
see if it blocked anything or it let everything through.

Several factors affected the success of this workshop. Students became
annoyed if they didn’t get to take their turn on the apparatus:

P5 Girl: But I don’t think the box one was very well explained and
I only got a shot of one once and whenever I was putting my
material in somebody else would put it in the other side.

Also, students said that seeing the results from previous groups undermined
the activity for them:

P5 Girl: The bad thing about that one was if you weren’t in the
first group it was quite annoying coz all of the numbers were kept
up so all the first group’s would be up still and then when it go to
the last group it would all be filled up and so you didn’t really get
to do anything.



Most of the groups understood that they were testing to what extent light
penetrated the different materials, but weren’t able to articulate a
conclusion. The exception to this was the group of P5 boys. They appeared
to understand the outcome of the experiment well and linked it to the video
they saw during the talk:

P5 Boy: We did this thing where there was like cardboard and you
put it against a thing. It had this weighing thing on it and it either
went up or down [all talking at once] and there was one like for
cardboard, one for paper, one for cloth, one for wood.

P5 Boy: We did infrared, visible and millimetre waves.

Facilitator: Ok, so what was the difference between those three?

P5 Boy: Infrared tracked heat, visible was just normal, it means
you can see the light and millimetre waves… I can’t actually
remember.

P5 Boy: The millimetre waves could go through absolutely
anything so they showed you a picture of a man who had weapons
and he kept on putting a jumper on but he still couldn’t hide it.

P5 Boy: He had like a rifle, a machine gun, and he had a knife in
his belt and he put like a jumper on but you could still see it. It
goes through anything.

This is a positive outcome, which indicates that this activity is crucial for
communicating the project messages. However the way the activity is
presented in the workshop could still be improved.

6.6.4 Cops and Doppler
The game-like element of this activity was popular with students, especially
those that won!

P6 Boy: The best thing probably there was when you do the miles
per hour.

Facilitator: Ok, so how does that work?

P6 Boy: There’s this thing that measures how fast you are going,
like a speed camera for a car. And you have to get this pole and
you go like this and you see how fast you can go and it was like a
mini competition.

P6 Girl: You got the fastest.

Facilitator: Ah, so is that why you liked that bit?

P6 Boy: Yeah!

Students also liked the fact that the explainer was enthusiastic:

P6 Girl: There was one and the guy was really good at explaining
this one. He had this like sensor thing and it was like what you
use to see what speed cars are going at. And the way he explained
it, that was really good.

Facilitator: So why do you think you liked that one?



P6 Girl: Coz it was like interesting and it was like a game as well
and everyone could see a car. It was really interactive. He talked
and we got loads of information but he didn’t talk really, really
fast.

However, their interest depended on the demonstrator keeping them
engaged with the activity after they had each had their turn:

P6 Girl: I found it quite interesting at first but then it was quite
boring just watching everyone else do it.

Facilitator: Oh, right, so once you….

P6 Girl: You didn’t get to do anything when everyone else was
doing it, you just had to stand there, that got really boring.

Facilitator: Ok, so could there have been something else then
maybe to keep you interested?

P6 Girl: Yeah.

Facilitator: Like what? Any ideas?

P6 Girl: He could have told people more about it

Linking the speeds to sound helped the students conceptualise how fast they
were moving, although they didn’t seem to grasp how the speed camera
actually worked:

Facilitator: Ok, so how does that work then? Who wants to tell me
a little bit about the science of it?

P5 Girl: I didn’t get it.

Facilitator: Does anyone want to have a go?

P5 Girl: I think there was a sensor thingy and it could, er, sense
the thing. You hold it like a triangle metal thingy.

P5 Girl: I think it had to be metal because then it could sense it
better.

Facilitator: Ok.

P5 Girl: It was like a speed camera, like metal cars, you know.

The fact that the students did not grasp all aspects of the science is
not surprising. Some very complex concepts were described to the
students in a relatively short period of time. For example, the above
excerpt shows some confusion about how the demonstration worked.
However students had understood that the sensor worked better with
metal and that it was measuring speed.

6.6.5 Picture perfect
This was a popular activity for most students and the science content
appeared to be well understood. This was evidenced by their comparing
what they had seen with other situations:

P6 Boy: …Then as he showed us the pictures, there were more and
more pixels, it showed them more advanced, more detail. And



ones where you could even see the pixels, like on an LCD TV, if
you look really close you can see the squares… …it showed you
how you need loads of pixels to make it really detailed and with
hardly any you can’t make pictures.

P6 Girl: I think that the picture where you’d got to guess and
everything, what everything was, and he told us how many pixels
there were and how it got better. That’s what it means when you
buy a camera.

The main complaint about the workshop was again lack of time:

P5 Girl: But it could have done with more time as well because
not everyone got too much in their time.

P5 Girl: And she didn’t have that much, you know, the things,
with the metal things, she didn’t have much with them and then
so you had to take turns on them and that was quite hard because
the boys all kept them to themselves.

This activity appears to work well, but having enough time for the students
to interact is important.

6.6.6 Success factors and limitations
Throughout the four discussions, several themes arose that related to the
extent to which activities were regarded as successful.

Having enough time for each of the workshops was important. Students’
opinions on the same activities were seen to differ depending on whether or
not it was rushed.

Related to the above, ensuring every student got to take their turn was
very important to them. And structuring the workshops in such a way that
students didn’t spend a long time waiting for their turn, or getting bored
after having their turn is a challenge. The radar activity worked well here
because all students could try it simultaneously.

Making sure the science was well explained was very important with the
students and determined their attitudes towards the activities. It was also
noted that lack of explanation was a result of rushing through the activities:

P5 Girl: If we had more time he would have got to explain it, the
game and everything.

Students were highly sensitive to the level of enthusiasm that different
presenters or demonstrators displayed.

P6 Girl: I liked the people, I thought the people that did the first
one, that girl that did the talk, she was really good at it, coz
she’s like used to it and she did it like, not that the people didn’t
do it properly, she kind of did it interesting to everyone even
people who don’t like science. Like there’s a couple of people in



our class that really don’t like science but they enjoyed it because
she was like really enthusiastic.

Students were so sensitive to this that some felt less enthusiastic
demonstrators didn’t really want to talk with them at all:

P6 Boy: They seemed quite bored when they were doing it.

P6 Girl: It was almost as if they didn’t want us to learn about
science, like they didn’t need us to, didn’t want us to. It was like
they didn’t care about us not wanting to do science, they didn’t
care about us not being interested or anything. And with the
activities, they didn’t care.

It was not clear from these comments which demonstrators the students
were referring to, although they were talking about the activities they
participated in at the end of the second day of delivery. Although
demonstrators are likely to be tired by the end of a run of activities care
must still be taken to come across as enthusiastic to the students.

The fact that the workshops were interactive was a success factor for
students. They compared the mm-waves workshops favourably to the others
they participated in on the day because they were more interactive:

P6 Boy: On the second set of activities we got to do loads of stuff.
Like there was a thing where there was a LED light shining
through and you put something in front of it and then you could
see it still getting through. You got to experiment.

However, students felt frustrated if the balance between talking and doing
during the workshops was cut short.

6.6.7 Rating the activities
Students were asked to rate their experience of the day as whole, including
the mm-waves activities and the activities delivered as part of the other
project. They showed their ratings simultaneously to minimise influencing
one another’s choices. Results are presented in the graph below:
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Most students rated the day with one thumb up. Some felt that some
activities were interesting or fun, while others were boring, and gave the
day a ‘neither’ rating.

6.6.8 Changing attitudes
In two of the four focus groups time was cut short, so it was not possible to
move on to questioning about attitudes to science. In the other two
discussions, it appeared that some of the students had changed their
opinions about science as a result of the day at the University:

Facilitator: So do you think going to the university changes how
you feel about science?

P5 Boy: Yes.

Facilitator: In what way does it change?

P5 Boy: Because it really gets you inspired about all the stuff that
science can actually do so now I would give it a 10.

Some students already felt positively about science and said that the day
hadn’t changed their opinions:

Facilitator: So do you think going to the day in the university
changes how you feel about science? Or does it stay the same?

P6 Girl: It doesn’t change it. It gives me more knowledge about
different things.

In one of the groups, we had a discussion about the young people’s
preconceptions of scientists:

Facilitator: What did you think about scientists before, or didn’t
you really have an idea?



P5 Boy: I thought they were a bit geeky.

P5 Boy: Big moustaches.

…

Facilitator: So do you think, I mean having met the scientists at
the university, did that change how you felt? Or did you think
that they were a bit geeky?

P5 Boy: No, they weren’t.

Facilitator: What did you think [P5 Boy]? You’re looking
thoughtful there. Tell us what you think.

P5 Boy: I didn’t think they were geeky, no.

Facilitator: Ok.

P5 Boy: I thought they were quite normal actually.

P5 Boy: But they knew a lot about stuff.

Focus groups tend to elicit more constructive feedback than methods such
as questionnaires because participants are asked to reflect on their
experiences in a much deeper way. Hopefully this feedback will be useful
to the project team in delivering future activities.



7 Feedback from project delivery team
A debrief day was held on 29th July 2008, facilitated by the project
evaluator. Nine members of the project team attended, although the
Principal Investigator was unable to make it.

Post-it notes were used to prompt discussion about aspects of the project
that worked well and those that didn’t work so well. These were then
organised into themes and put to the group to discuss. A third category –
ideas for the future – was also included to inform the recommendations
made at the end of this report. The findings from the discussions are
summarised in this section.

7.1 What worked well?
Several elements of the project were highlighted as working well:

 The interactives in general, but specifically SAFIRE, the IR camera,
the Doppler game and the transmission experiments;

 The pods and videos;
 The enthusiastic team of ‘real scientists’ and having one-to-one

interactions with members of the public;
 The structure of the schools workshops;
 The planning day led by Wendy Sadler that organised and motivated

the team.

7.1.1 Interactives
The interactives were the most commonly cited success factor by the team.
The SAFIRE radar, infra-red camera and Doppler game were specifically
mentioned as working well and the resolution activity was praised for its
appeal to audiences of all ages. The team acknowledged that a large
amount of time had gone into developing the interactives: SAFIRE was built
specifically for the project and as the only radar of its type it has directly
led to significant industrial funding for the group. The Doppler apparatus
was also constructed especially for the project. The team were highly
committed to including interactive elements in the workshops, as one said
during the debrief ‘it’s not a workshop without interactives – it would be a
lecture’.

The way the interactives were used during the workshop sessions was
important. One example was with the mm-wave transmission setups. Just
letting students try out the apparatus was not too popular. The team added
a simple table displayed on a board, where students had to take readings
and populate the table in order to draw conclusions about the different
waves. Adding this purpose (and scientific process) to the activity greatly
increased the level of engagement.



The infra-red camera was always one of the most engaging parts of the
exhibition and several team members described it as successful because it
worked reliably every time and didn’t rely on an explainer. However its
popularity could sometimes be a disadvantage and the team had to ensure
that it was closely tied to the main messages of the project.

SAFIRE was also popular, and as a large piece of apparatus it was eye-
catching for festival visitors. However its success strongly depended on a
member of the team being present to operate the radar and explain its
function.

The team articulated the tension between allowing visitors to play with
different interactives and the need to link them together through the
project messages about mm-waves. Several routes through the exhibition
were identified by demonstrators which would allow visitors to move
through exhibits, having started at different points, in a way that was still
logical scientifically. This is useful knowledge that should be recorded.

7.1.2 Pods and videos
The team praised the professional appearance of the pods (they worked
especially well combined with the colour scheme of the polo shirts etc.) and
felt that the videos were a good tool to draw in visitors at science festivals.
They also helped in explanations of some of the scientific concepts. Lots of
work went into ensuring the text on the pods was appropriately pitched,
which was cited as another success factor.

One suggestion for improving the pods was to have a touch screen for the
videos.

7.1.3 Real scientists
Several team members said that having enthusiastic ‘real scientists’
delivering the activities was a success factor and this was echoed in the
audience feedback. The team were pleased with the reaction from the
public to their activities and were surprised that people appeared to enjoy
it when some of the equipment broke down! Related to this was another
success factor about one-to-one interactions with audience members.
Opportunities for such interactions happened at science festivals and during
the schools workshops and they allowed the explanations to be tailored to
the interests and levels of scientific knowledge of individuals.

7.1.4 Structure of schools workshops
The structure of the schools workshop, i.e. talk – activities – talk was seen
as a good way to encourage interactivity and a balance between group and
individual interactions. The team decided early on what the project
messages were and could ensure that all of the activities supported them.
There were also discussions about what scientific terminology should be



used: the decision was made not to shy away from the correct scientific
terms like wavelength and frequency, interestingly the students seemed
fine with these although the team had some feedback from teachers that
the language was too difficult. The message for the team appeared to be
that it is fine to use technical language as long as care is taken to explain
what the technical terms mean.

7.1.5 Planning day
A few of the team had done some public engagement work or work with
young people prior to the project. However they found the challenge of
devising and delivering a schools’ workshop a step change from their
previous experiences. They recognised the value of the day allocated to
training and planning to help with this. Going into detail about the project
messages and exactly what they would say was important. From an
operational perspective, the day’s activities broke down the required work
into manageable chunks and assigned them to each of the team members.
Without a clear leader on the team, having an external facilitator to assign
these was crucial in focusing the team and getting the project moving.

7.2 What could be improved?
The team identified several aspects of the project that could be improved:

 The transmission wheel didn’t work well;
 Worksheets were not always popular;
 The web forum was not used much;
 External events were often poorly organised;
 The planned schools tour did not happen;
 Staff time for the partners was a limiting factor.

7.2.1 Transmission wheel
Five of the nine participants cited the transmission wheel as an activity that
could have been improved. The following reasons were given: it’s
confusing; it’s very heavy so wasn’t portable; it is not intuitive even with
the on-screen help, the picture of the hand meant people tried to put their
hands in it; it wasn’t taking a real measurement, it was simply a slide show.
However the wheel was large and eye catching; unfortunately this meant
that visitors attracted to it became confused and were discouraged from
looking at the rest of the stand. The transmission boxes that took the real
measurements were seen as an improvement, although it was noted that the
IR and light boxes tended to confuse younger children as the full scale was
not used.

7.2.2 Worksheets / handouts / web forum
It was noted that the worksheets were not always popular with students, or
there was insufficient time to fill them in, or no tables etc for students to
write on.



Many exhibition visitors requested handouts. The idea was that the
postcards would direct visitors to the website, although eventually this
didn’t happen. The web forum also had to be closed through underuse and
the time required to moderate posts.

7.2.3 External events
There was frustration from some team members about the way in which
external events were organised. Lack of clarity with arrangements meant
that workshop times were shorter than intended or schools were sent to the
wrong activities. In addition, some festivals had low visitor numbers or the
space allocated was insufficient for the stand. The difficulty when working
with factors outside of the team’s control was discussed. The best way to
overcome this was to build flexibility into the activities. An example of
where this worked well was with a group of special needs students.
Initially, the teacher felt that the activities would be inaccessible to the
students; however the team were able to engage the group in a selection of
the activities and deliver a successful session.

The flexibility was less successful in some of the schools workshops held at
the University of St Andrews. All of the activities were delivered in a
slightly shorter time, plus moving the groups between the different
activities took still more time. Trying to deliver the activities in a too
rushed manner detracted from their value.

7.2.4 Schools tour
A tour of secondary schools was planned as part of the original project
proposal. Unfortunately interest from schools was low and the tour did not
happen. This also had a knock-on effect for the evaluation: the planned
methodology included considerable data collection from the schools tour.

7.2.5 Staff time
The project could not have happened without the commitment and
enthusiasm of the team, many of whom gave lots of time to the project.
This was seen as the most important factor in the success of the events. Of
course the scientists need to balance their public engagement work with
their research commitments, so if the exhibit is to always be accompanied
by members of the team this will limit the size of the audience it can reach.

One way to address this would be to adapt the activities so it was possible
for a single scientist to take one or two activities out to a school or event.
In fact, this is already happening with some activities and some team
members. It was agreed that attending a few higher-profile events as a
team would also be worthwhile (perhaps one or two annually), but that
these should be carefully chosen so that the team can make the most of the
time they devote to public engagement. They described the frustration of
all attending an event where only a few members of the public turned up.



While such activities can still be valuable, a single person could have
delivered them.

It was also noted that the project had suffered from a lack of time devoted
to project management. Project roles, including leadership, were not
assigned at the start, so team members did not have clear expectations of
the nature and level of commitment required from them. This was why the
planning day where an external facilitator assigned tasks to team members
was so helpful in getting the project moving.

7.3 Impacts on the team
The team agreed that the project had been very hard work, but worthwhile
and ‘fun in the end’. They identified several positive outcomes that the
project resulted in:

 Developing SAFIRE advanced the radar expertise of the group and has
directly led to gaining other industrial funding;

 They learned lots about programming and electronics which was
useful;

 Going to events acted as fieldwork for the equipment, where they
could see how it would work;

 The team were forced to be resourceful which built their confidence
in public engagement;

 Working together meant that the team learned more about each
others’ work in mm-waves, which was seen as a benefit for everyone;

 The students and academics enjoyed working together on a project
where they all had ownership of different elements.

Especially interesting are the outcomes from the public engagement
activities that have impacted positively on the group’s research work.

8 Conclusions and recommendations

8.1 Project aims
This section comments on the extent to which the project met its original
aims.

Aim1: To promote science as an academic subject and a hobby
The generally positive response of audiences to the exhibitions and
workshops indicates that this aim was met by the project. Highlighting the
range of applications of the science in an interactive way was key to the
success here.

Aim 2: To promote science and technology as a subject choice for higher
education or any post-school activity
The original project proposal was to target secondary school students who
would be making decisions on which subjects to pursue. However, the
target audience was changed to primary school students, who in the focus



groups said it was too soon for them to decide on an educational or career
path. Many of the students at all ages felt that the activity had made them
more interested in science, which can only have a positive impact on future
choices in science.

Aim 3: To promote the work of research scientists and highlight the real
life applications and societal implications of their research
The project really excelled in this area. Again, the range of applications
included in the exhibition and activities meant that every demonstration
was linked to a real-life application. Another success factor here was the
fact that the workshops and exhibition were demonstrated by scientists that
are actually working in the field. This allowed one-on-one interactions with
audience members where an even wider range of applications and societal
implications could be discussed, linked to individuals’ areas of interest or
concern. The commendations of other scientists working in the field at the
IRMMW conference reinforce the finding that the team were very successful
in meeting this aim.

Aim 4: To provide a forum for audiences to share their opinions on the
issues surrounding the science
This aim was met in that the scientists themselves were available at the
exhibitions to discuss issues related to mm-wave technologies with visitors.
However, attempts at capturing and continuing these discussions via the
comments board and web forum were less successful. The comments board
was not used in the final exhibition setup and the web forum was underused
and needed constant moderation to avoid inappropriate posts. This is
certainly an area that the team could develop to add value to the project in
future.

8.2 General conclusions
The exhibition was successful as a mechanism for engaging science festival
visitors with mm-waves. It was greatly enhanced by the presence of the
scientists, who were able to use various interactives and videos as ‘teaching
aids’ to help illustrate the science and its applications. The main exception
to this finding was the transmission wheel, which although eye-catching was
not intuitive to use.

The workshops have a sound basis but further refining is possible. The
activities themselves are well-developed, but issues such as timing,
enthusiasm and ensuring each student gets a turn need to be ironed out if
they are to reach their potential levels of engagement. The interactivity of
the workshop sessions is a strong success factor, and this was especially
limited when the allocated time for the workshops was cut short.

The workshops and exhibition have definite educational value. The key
messages from the exhibition appeared to relate to applications of
electromagnetic waves including mm-waves, while workshop participants
were more likely to cite scientific facts as learning points.



The workshops appeared to have stimulated an increased interest in
science among some participants. This was linked strongly to the hands-on
approach taken, which some feel is lacking in the classroom. They were
very impressed that the scientists had built the kit themselves and some
described how negative preconceptions of scientists (as ‘geeky’) had been
changed during the workshops.

The team’s commitment and enthusiasm for the project was crucial to its
success. Involving academics, postdocs, postgraduates and undergraduates
worked well to share responsibilities.

However, some aspects of the project were limited by issues of staff time
availability. All those working on the project were doing so alongside other
very demanding positions, so it was not always possible to devote the
necessary time to tasks such as organising the schools tour. Of course it is
easy to identify this with hindsight; however it may have been that the
team underestimated how much time was really necessary to deliver what
was promised in the proposal. In fact, progress on some research projects
has suffered as a result of spending more time than was anticipated on this
public engagement project.

Despite the large amount of time and work required, the team felt that the
project had been a rewarding experience. They identified several positive
impacts for the research group, especially the transferable skills developed
in communication and electronics. The opportunity to improve their
understanding of colleagues’ research areas was also valuable.

A particularly positive outcome followed the development of the SAFIRE
radar, the first of its kind. The team have gained publications and
significant industrial funding as a result of this, which demonstrated a
beneficial crossover between their research and public engagement work.

8.3 Recommendations

1. Decide on a way to ensure that workshop participants have enough
time to complete the activities. This could happen if each staff
member stayed with their group or if another team member acted as
timekeeper and was responsible for moving groups. Logistically,
running activities in adjacent rooms or spaces will also facilitate this.
If time is really cut short, it is better to deliver fewer activities fully
than all of them in a rush. But if this happens, don’t tell the students
they are missing out! Solving this issue will greatly improve
engagement with the workshops.

2. Methods for delivering each of the workshops and the exhibition
should be recorded. This will create a lasting record of the
activities so that other team members can deliver activities, and to
act as a refresher if coming back to them after a break. The lead
team member for each activity should be responsible for their own
guidance notes. It would also be useful to make some notes on the



various ‘routes’ through the public exhibition that the team had
identified and some presenter notes for the talks. Doing this
systematically will allow staff to pick up the activities for new events
with minimum preparation time.

3. Embed activities in the work of the research group. Two
suggestions for this came from the debrief discussions. Firstly,
activities could be adapted so it would be possible for a single
scientist to take one or two activities out to a school or event. This
would mean individuals were able to fit in activities around their
other commitments rather than the whole team needing to attend
each event. In fact, this is already happening with some activities
and some team members. Secondly, attending a few higher-profile
events as a team would also be worthwhile, perhaps one or two
annually.

4. Choose high profile events carefully. Rightly, the team need to
balance their public engagement work with their research
commitments. However, they felt that participating in well-attended
events like Cheltenham Science Festival offered a good return on the
time and effort they had invested. Profile, visitor numbers, audience
demographics and organisational support are all factors that should
be taken into consideration when choosing an event that the whole
team can participate in. Also, because of the setup and takedown
time, it is more efficient to spend as many days as possible
exhibiting.

5. Collaborate with other research groups at the University in public
engagement. Teaming up with another project shared some of the
administrative burden for the schools open days. It may also be
possible to reduce travel costs if van hire was shared.

6. Consider a permanent exhibit at a science centre. The team have
already been approached by centres that are interested in having the
exhibition on loan. However, it is clear from this evaluation that one
of the strongest success factors in the project was the presence of
the ‘real scientists’ to talk with visitors. So the decision to take the
exhibition to a science centre without the scientists should not be
taken lightly. If such a decision meant that the scientists would miss
the opportunity to exhibit the stand at another event, this should
take priority over the science centre. However, if it was possible to
lend some of the materials to the science centre so the scientists
were still able to deliver activities it could be a good way to extend
the reach of the project.

7. For future bids, fund another staff member or more time to
coordinate activities. The team lacked a coordinator to organise
school visits and decide who would take which role in delivery. For
small activities, it is probably possible to rotate the responsibility
among members of the research group. However, if the team are to



apply for significant funding again it would be useful to fund a
coordinator post.

8. Consider ways to extend the discursive element of the project.
The exhibition was very successful in starting discussions about the
societal implications of mm-waves research. However the ways of
capturing and extending these discussions did not work out during
this project. This area could be an interesting challenge for a future
MSc project, or could go back to the team for further discussion.

9. Disseminate the work to the wider mm-waves research
community. There was a great deal of interest in the project from
the scientific community at the 2007 IRMMW conference. A follow-up
presentation at a future conference or a journal paper could highlight
the successes and challenges with the project.



Appendix

 Full list of venues
 Exhibition questionnaire
 Primary schools’ questionnaire
 Secondary schools’ questionnaire
 Teacher questionnaire



no. date description

sessions

type

#
team

m
em

bers

scientist-days

specialneeds

university

public

prim
ary

secondary

teachers

total

1 13 Dec 2006 Café Sci, St Andrews 1 w 0 48 48
2 10 Mar 2007 Science Week, St Andrews 2 l 0 60 60
3 10 Mar 2007 Science Week, St Andrews 1 e 0 15 300 55 20 390
4 23 Mar 2007 Going Nova, Findhorn 4 w 0 40 4 44
5 01 Jun 2007 Cheltenham Science Festival 5 e 4 20 10000 4500 2500 100 17100
6 04 Jun 2007 Cheltenham Sci Fest Debate 1 l 0 70 70
7 11/12 Sep 2007 BA Festival of Science, York 8 w 0 85 13 98
8 13 Sep 2007 BA Festival of Science, York 1 w 0 20 1 21
9 13 Sep 2007 BA Festival of Science, York 1 w 0 15 1 16
10 11-13 Sep 07 BA Festival of Science, York 3 e 0 100 100
11 05 Sep 2007 IOP talk, Malvern 1 l 0 95 95
12 3-7 Sep 2007 IRMMW conference, Cardiff 5 e 0 420 420
13 06 Sep 2007 IRMMW conference, Cardiff 1 l 0 45 45
14 26 Sep 2007 TUSLIP day, St Andrews 2 e 0 130 130

15 27 Sep 2007
Entrance Exhibition, St
Andrews Physics 1 e 0 60 60

16 01 Oct 2007 Radar Conference, Munich 1 l 0 60 60
17 24 Oct2007 Quantum Soc, St Andrews 1 l 0 20 20
18 12 Nov 2007 Highland Science Festival 1 l 0 6 6

19 01 Nov 2007
Morrisons Construction Staff
Event, St Andrews 1 w 0 70 70

20 24-25 Nov 07 Highland Science Festival, 2 e 0 74 60 134
21 24-25 Nov 07 Highland Science Festival 1 l 0 25 25
22 19 Jan 2008 Space Camp, St Andrews 1 w 0 10 40 50
23 29 Jan2008 Dundee University talk 1 l 0 5 5

24 12 Feb2008
Arbirlot Primary School
Workshop 1 w 0 30 2 32

25 23 Feb2008
Undergrad Workshop, St
Andrews 1 e 0 60 60

26 29 Feb 2008 Primary Science day 4 w 0 4 150 4 158

27 04 Mar 2008
March into Science,
Montrose 4 w 0 88 12 100

28 05 Mar 2008
March into Science,
Montrose 4 w 0 96 12 108

29 08 Mar 2008 NSEW St Andrews 1 e 0 20 320 50 30 420
30 11 Mar 2008 Workshop Day, St Andrews 3 w 0 74 9 83
31 14 Mar 2008 Workshop Day, St Andrews 3 w 0 63 9 72

32 08 Apr 2008
Meet the Scientist,
Sensations, Dundee 2 l 0 40 40

33 09 Apr 2008
Meet the Scientist,
Sensations, Dundee 1 l 0 20 20

34 04 Jun 2008 Cheltenham Science Festival 5 e 6 30 11000 5000 3000 100 19100
35 24 Jun 2008 School, Dunfermline 6 l 0 100 50 6 156
36 26 Jun 2008 Workshop Day, St Andrews 1 w 0 40 3 43
37 27 Jun 2008 Workshop Day, St Andrews 2 w 0 50 6 56

TOTAL 84 10 50 15 700 22187 10541 5790 282 39515

Session of the type "exhibition" is outing of 1 day. A session of type "workshop" is 1 workshop and a
session of type "lecture" is 1 lecture.



Please turn over to give us your feedback on the exhibit

Do you have a comment or question about millimetre imaging?
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Please take a few moments to give us your thoughts on today’s activities –
your comments will help us plan future events.

Your age ………………………………………………………

Your year group ………………………………………………………

Boy / girl? ………………………………………………………

1. Which activity did you take part in?

 Picture Perfect?  Seeing through stuff

 Cops and Doppler  Radar in a room

2. What did you think of the workshop?

Good Average Bad

3. Please tell us what you thought of the workshop

4. Has it changed how you feel about science/engineering? If so, in what
way?

More interested No change Less interested

5. How much do you think you learned from the workshop?

Lots A little Nothing

6. Please write down one thing you learned:

7. Any other comments?



Please take a few moments to give us your thoughts on today’s activities – your
comments will help us plan future events.

Your age …………………………………………………………..

Your year group …………………………………………………………..

Your gender …………………………………………………………..

8. Which activity did you take part in?

 Picture Perfect?  Radar in a room

 Cops and Doppler  Seeing through stuff

9. How would you rate the following aspects of the workshop?

Very good Good Average Bad Very bad

Overall impression     
Presenters /
explainers     
Introductory talk     
Small group activity     
Worksheets     
Feedback session     
Closing talk     
10. Please tell us why you think this

11. How would you rate the activity based on the descriptions below?

Very Quite A little Not at all

Interesting    
Interactive    
Fun    
Educational    

12. Please tell us why you think this



13. What was your favourite part of the workshop and why?

14. What was your least favourite part of the workshop and why?

15. Are you likely to continue to discuss any of the issues raised by the workshop?

 Yes

 No

 Not sure

16. What, if anything, did you learn from the workshop?

17. Has it changed how you feel about science/engineering? If so, in what way?

 More interested

 Less interested

 No change

18. How could we improve the workshop

19. Any other comments?

Thanks!



Please take a few moments to give us your thoughts on today’s activities – your
comments will help us plan future events.

Position …………………………………………………………..

Subject taught …………………………………………………………..

20. How would you rate the following aspects of the workshop?

Very good Good Average Bad Very bad

Overall impression     
Presenters /
explainers     
Introductory talk     
Small group activity     
Worksheets     
Feedback session     
Closing talk     
21. Please tell us why you think this

22. How would you rate the activity based on the descriptions below?

Very Quite A little Not at all

Interesting    
Interactive    
Fun    
Educational    

23. Please tell us why you think this



24. What, if anything, do you feel your students learned from the workshop?

25. Do you feel that activities such as the workshop are an effective way of
stimulating interest in science and engineering? Why?

26. Are you likely to continue to discuss any of the issues raised by the workshop
in future lessons?

 Yes

 No

 Not sure

27. What were the most successful elements of the workshop and why?

28. What were the least successful elements of the workshop and why?

29. How could we improve the workshop

30. Any other comments?

Thanks!


