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Teaching mathematics to physicists in
the UK — FLAP and PPLATO

M H. Tinker, J.J. Thomson Physical Laboratory, Whiteknights, Universify of Reading, UK

It the late 19805 a problem began to emerge in the TE with mathematics teaching for
undergraduate physics. & broader 16-19 curniculum i schools had encouraged more fezable study
patterns, threatening the traditional paming of &-Level physics and & -Level mathematics.
Tnereasingly, stadents were studying physics without mathematics and although these students were
not usually intending physics degrees the syllabuses for physics and mathematics began to evolve
separately. Physics was taught with less mathematics and mathematics was taught with less
reference to physics. This decoupling of the two subjects produced an undergraduate physics
mtake that was less comfortable with using mathematics n physics, even those with good grades n
both subjects Physics departments had to restore the relationship between physics and
mathematics expected of a professional physicist. The problem was exacerbated by the common
practice m universities of having service mathematics taught to physicists by mathematics
departments. This tended to continue the decoupling rather than to restore the link. The realisation
that mathematics, like other skills needed by a physicist, had to be securely embedded within the
main subject teaching began to gain favour in the early 1990z, The changing patterns of A -level
study also encouraged more flexible entry routes into physics degree courses for those without
traditional & -level backgrounds m physics and mathematics. This led to the imntroduction of
Foundation or Access year programmes as a precursor to three vear BSc Physics programmes.

In 1992, following an wutiative by the Institute of Physics m 1989, the project FLAF (Flemble
Learning Approach to Physics) began [1]. FLAF waz led by the Tversity of Eeading and the
Cpen Tniversity as a consortium project on behalf of the uruversity sector. Crrer 5 years it recerved
ETE0E of funding from the TTK Higher Education Funding Councils. Tt produced a high quality
suppotted self-study resource covering first year and foundation year physics and its associated
mathematics. This generous supportt allowed the production of extensive new text materials,
designed for the purpose and unlike any pre-exsting textbooks m physics or mathernatics. Tt was
described by some as a “breath of fresh an”. It allowed physics departments to create courses to
their own design and speci- fication i response to a diversifying and changing intakee E ey features
were its knkang of physics and mathematics and s lembility. It was first delivered m 1995,

Plioto Teaching with FLAP and Hyperflap.

Although FLAF was a response to a K umversity problem,its flexdbility and the global nature of
the problem addressed extended its impact to schools and internationally. The resource and its
evaluation have been described in detail elsewhere [2]. The factors that gave birth to FLAP still
exist today and its approach remains relevent. In this article we give a brief description of the
resource and its approach We then descnibe how, in 2003, 1t 1z being ncorporated into a new suite
of digital resources under the banner of a newly finded project PPLATO — Promoting Physics
Learmng And Teaching Opportumties.
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FLAP consists of text, audio, wideo and computer materials. The text consists of 33 free-standing
modules in two parallel strands of physics and mathematics (See Appendiz) Mo dule titles show the
scope of the resource. In mathematics, the range is from simple algebra (e g the expansion of
brackets m Module W1 1) to the time-dependent Schrédinger ecquation (MModule 16 4). In
physics, the range 18 from the definttion of ST units (Module P1.1) and linear motion (MModule P2.1)
to the angular momentum eigenstates of atomic hydrogen (Wodule P11.3). This range covers the
physics and mathematics needed m the first vear of a TE physics degree course and i a year's
full-tine study prior to this. The mathematics strand has also been published by John Wiley as two
mathematics textbools [3-4]. The text element of FLAP has much in cotmon with textbooks in
that it can be used to support lectures, tutorials, wotkshops and laboratory teaching, but there are
several important differences from a conventional texthook:

s Ithas a completely new modular text, written specifically to cope with diversity and to
remforce the relabionship between physics and its associated mathematics,

s Ttuses a comumon approach to physics and mathematics, presenting mathematics thoroughly,
vet within a physical context where possible and with due regard to dimensions and units.

o Ttis more flexible in use, both for students and course designers. Each free-standing module
spectfies pre-requisite knowledge, measures student background wia formative tests and
provides differentiated study routes accordingly. This means that modules have no fized
order of study, quite unlike the chapters of a standard textbocl, and study patterns are set
by course designers and are automatically customised to the mdividual student.

s Itz scope and depth 15 more extensive—its size 13 equivalent to about five major textbooks,
two in mathematics and three in physics, but the modular structure maintains portability.

o Ttis sufficiently detailed to form a primary teaching vehicle, so it may be used in self-study or
to replace some teaching contact time, allowing more mdradual and targeted support.

+ It may be photocopied by an institution for its own students, allowing custermised textbooks
to be produced at a fraction of the cost of a normal textbook. Students do not have to
purchase unwanted matenial or the latest edition of standard texts. The only penalty paid for
being photocopiable 1z the remowal of colour i the printed material

s It trams students to become independent learners by using supported self-study to engage
thetn in active learning and by encouraging reading and time management skills.

o It develops the students’ knowledge and skills base, adopting a problem-solving approach
with embedded questions designed to develop cognittve skills, raise conceptual
understanding and challenge pre-conceptions.

» It gives the student more ownership and control of the learming through the differentiated
routes through the material

The scale of the FLAP resource is best flustrated by its full contents as summarized below. Tt
containg material equivalent to about 200 lecture hours or 200 study hours and mcludes:

o 33 FLAP modules as single-sided A4 monochrome photocopy card masters (about 2250
PPl

s 1| Index, Student Guide and Maths Handbook (also as photocopy masters).

s Photocopying license for an msttution to use to make copies for its own students.

o 1 ring bound browsing copy of all 83 FLAP modules.

o 1ring bound copy of the Glassary (about 2500 entries), Scieniific Biographies, Maths
Handbook and Index. The Glassary 15 a relational glossary, combining the functions of
mdex, dichonary and thesaurus, not only listing defintions but also showing how they relate
to one another across the full range of the package The Glossary s also the main routing
document m FLAF Modules contain no explicit reference to other modules and all such hnks
are made through the Slossary. This feature mamtain: module independence and masamises
flexibility.

o Tufor Guide Part I, including product description,module outlines and guidance on use.

« Tutor Cuide Part 2,12 a question bank of about 1700 extra questions with fully worked
answers. Questions and solubions are on computer disle, allowing convertent cutting and
pasting for assessment production.

s A fhyper-glossary and ndex on disk (about 2500 entries and 13000 hyper-links). This 15
an HTWL document with about 3000 embedded graphic inks and 13000 intra-glossary
links. Tt includes an index of terms and biographies of many of the scientists and
mathematicians who have contributed most to the development of the field.

« A CAL package on disk, ncluding interactive sunulations on Bleciric fields, Bubble
chambar, Gas simulation, Orbital motion, and a Forces futorial.

o & CATFLAF package on disk. This computer-admimistered self-assessment diagnostic
tool contains over 400 multiple choice questions and solutions from all the modules. It also
containg three diagnostic access tests, two for physics and one for mathematics & printed
report can be generated for tutor discussion and tutors may add their own questions and
solutions.

+ 3 C60 audio-cassette tapes, mcluding nteractive tutonals

+ 4 E30 wdeo tapes, meluding anmations and demonstrations

Module structure

The mternal structure of the modules 15 ene of the most powerfil mnovations of FLAF. Tt 15 this that
allows fleible, differentiated access for students. Students measure their backgrounds for the
topics to be mtroduced and can plan thewr study time most efficiently. They may move speedily ower
farniliar sround resipwing it as necessare bt snend more tirme huilding new knowledse and
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skills. The text has a programmed approach, with interactive decisions controlling the route, as
shown m the flow chart m Figure 1.

Each module begins with a diagnostic section entitled Opeming items,which sets the scene,
miroduces the topics and mwites students to assess ther background knowledge The matenal may
ke mostly old knowledge, mostly new knowledge or a reasonable extension of old knowledge.
There are Fasi frack questions to test whether it iz old knowledge and Ready fo study questions
to test whether more preparation is needed. Solutions are given for all these questions to guide
students m their choice of route. The Fasé irack route leads quickly to the Bxis fest at the end of
the module, where the wisdom of this cheice of route can be self-tested. Students who need help
with the Ready fo siudy questions are directed through the Glossary to other FLAF modules.
Students who determine that they are ready for the matenal move on to the main teaching text of
the maodule. Field trials show that students quickly develop the skills to use this diagnostic front-end
and to make best use of their study time.

The matn teaching text of each module 15 written in a clear, student fendly, mteractive style,
laced wath short m-text questions and longer self-assessment questions to test and reinforce the
learmng, Students are encouraged to tackle these questions as they come to them i the text and
the solutions often contain teaching comments which are essential for subsequent parts of the main
text. Important terms are highlighted and flagged i the margins, major equations are boxed and
asides or explanations of details are given i marginal notes. Questions are often of the type which
confront pre-conceptions and encourage conceptual thinking
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Fig 1 The structure of a FLAP module.

ALfter the main text there is a section entitled Clasing ifems This contains a detailed but concise
Madule summary, followed by a list of the Achisvements, or learning outcomes for the
module These are written in operational tenms, explatn what students should ke able to do, and
dentify what 15 required for assessment purposes. The Clasing ifems concludes with an Bzt test to
test the learming cutcomes. All routes pass through the Closing ifems smce it provides valuable
feedback and revision Detailed sclutions to all questions are at the end of the module, so students
can assess their own progress. Evaluation has shown that an average module 1z equivalent in
rontent to abont 2 or 3 lectire honrs and reonires 5 to 6 sty honrs by the standard ronte



Using FLAP

FLAP is a very large resource, not a course, and how it is used is determined by the individual
teacher The flexible structure allows FLAF to be mcorporated easly within exsting teaching
programmes or to be used to design new teaching. In deciding whether to use FLAP the imp ortant
decision 15 to assess the extent to which the teacher wishes to encourage independent learning, to
gwe students more control over the learning and to see the purpose of teaching as the support of
learning & lkely consequence of using FLAF 15 that the teacher lectures less and discusses more.
The student listens less but reads and discusses more. For both parties this creates more active
engagement with each other and with the learning process. This approach is generally welcomed by
both parties, but not universally so. 3tudents and teachers can be beguiled by the apparent
efficiency of the lecture as a learning tool Expenence suggests it 15 lnghly optimistic to equate
speaking and heanng with learmng, Effective learning 1z active and effective teaching must
accommeodate a vanety of learmng styles [5-7] Within this general picture FLAF has been used
successfully in many siuations, such as those below.

o Pre-course work for entry to a degree programme (taught or self-study)

+ Dhagnostic testing on entry to a degree programme or within such a programme

+ Consoldation of background on entry to a programime

» Support for main-stream lecture courses

+ Eeplacement of a conventional lecture course by a FLAP-based course having fewer
lectures

o Creation of a complete supported self-study programme (e.g as a Foundation Year)

Evaluation

FLAP has been evaluated extensively since it was first used at the University of Eeading in
developmental testing m 1993 Overall comments from all these evaluations 15 that when used as
part of a teaching programme FLAP brings benefits to the student, the teacher and the mstiution.

Staff pomnt to benefits from mmproved student effort, study discipline, orgamsational slalls and
motvation and m the teacher’s ability to deal with class diversity through more focussed contact
tine. There are the benefits from embedding mathematics within the physics. The extensive
question bank significantly reduces staff effort for testing and diagnostics Teaching assistants malee
a more effective contribution through access to the same teaching matenials as the students.

Students are generally enthusiastic about the FLAF learming style, recognize the benefits of active
learning and welcome their increased ownerstup of the learning They respond with mcreased
motvation, cotumitment and success. They gamn more self-confi- dence, interact better with each
other and with staff and feel more confident about their learning and understanding Eeading skills
are inproved and students find the “fast track’route through the modules is an excellent revision
tool Overall, students welcome FLAF self-study, m conjuncton with some lectures, workshops or
tutenials However, active learning 15 not umiversally appreciated. A minonty of students prefer to
remain passive, since it places fewer demands on them. Imbially, this group may be quite wocal and
the general view may tale a while to emerge from the noise.

efFLAP

From 1996 the FLAP project has been ongoing as a self-fundmg operation. Five new modules,
covering relativity, particle physics, vector calculus matrices and determinants are about to be
released An electronic copy of the original modules, e-FLAP, has been produced on CD RO
This may be licensed etther for smgle users, or for mstitutional use on up to 10 machines or on a
local area networke e-FLAF allows users to have quick reference to any part of the text resource
of to produce thewr own printed copies of the modules or parts of the modules.

Hyperflap

FHhyperflap i a further development i progress Thiz contains the full e- FLAP text but 15 designed
for screen use and has hyper-links within modules between each module and the Apergiossary
and thereby to other modules. Fyperflap has several innovative features to enhance its use in
teaching and learning. The text iz broken dewn into small segments that are viewed without
scrolling. Each segment also mcludes all required equations, figures or tables to which it refers. All
hyper-links have been selected by hand on educational grounds, net generated automatically by
software Hyperilap will eventually become a multimedia resource, with audio, video and simulations
embedded The scale and nature of the resource will make it umoue.

The project is prepared to release developmental evaluation copies of Fyperflap to a limited
number of institutions in conjunction with their use of e-FLAF or the paper version of FLAP
Interested matitations should contact the author.

PROMOTING PHYSICS
LEARNING & TEACHING
OPPORTUNITIES

Promoting Phvsics | earning And Teachina Onnortunities — PP1ATO



In Nowember 2002 FLAP and Hhyperflap became part of a larger project, FPLATO, agam
funded through the Funding Councils. This is a Consortium project led by the University of Eeading
with Brunel Tiversity, the Open University, the Uriversity of Newcastle, the University of
Plymouth and the Tniversity of Salford. It addresses the twin problems of teaching mathematics to
physics undergraduates and widening participation in undergraduate physics. It will produce flexible
resources for face-to-face or on-line delivery and for use within an institution in an aceredited
programme or for self-study & particular rermit 1s to develop a Foundation Programme suttable for
physicists and engmeers. It will survey current practice i the sector and build on prewous
successful developments and expeniences. Project outcomes are expected to be mproved student
competence i mathematics and physics and wider participation and improved retention i
undergraduate physics MNew resources will melude flesible materials for teaching, diagnostics,
assessment and tutonial support, with effective strategies for their use. Institutions wishing to take
part in this undertaking and to have access to the developing resources should contact the author.
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Appendix

FLAF physics modules

1 Ieasurement

P11 Introducing measurement
P12 Errors and uncertamty
P13 Graphs and measurements

P2 IMechamecs

P2 Introducing motion

P22 Projectile motion

P23 Forces

P24 Work and energy

P25 Iomentum and colisions
P26 Circular motion

P27 Eotational mechamcs
P2g Angular momentum

3 Fields

Pz Introducing fields

P32 Gravitation and orbits

P33 Electric charge, field and potential

P4 Electricity and magnetism

P41 DC circuits and currents

P42 Introducing magnetism

P43 Electromagnetic force

P44 Electromagnetic mduction.

P45 Energy n electric and magnetic fields

2] Vibrations and waves

Po1 Simple harmomc motion

P52 Energy, damping and resonance
P33 Forced wibrations and resonance

P54 AC circuits and electrical oscillations
P55 The mathematics of oscillations



FPob Introducing waves
P57 Sound - a wave phenomenon

s Light and optics

Ps.l Light - a wave phenomenon
Po2 Rays and geometrical optics
P&3 Crptical elements

P4 Crptical mstruments

12 Heat and properties of matter

71 The atetric basis of matter

P72 Tetperature, pressure and the ideal gas law

P73 Internal energy heat and energy transfer

74 Spectfic heat, latent heat and entropy

P75 Kinetic theory - an example of microscopic modelling
P76 Iechamcal properties of matter

P3 Atoms and molecules

P31 Introducing atoms

P2 Atormic spectra and hydrogen

P83 Multi-electron atoms

P84 Perodic Table and chernical bonding

g Muclet, particles and relatrvity

P Introducing atomic muclel

Po2 Fadicactive decay

F93 Fizsion, fiusion and radiation hazards

P10 Principles of quantum physics
P101 A particle model for hight
P10.2 A wave model for matter
P10.3  Wave functions

P10.4  The Schrédinger equation

P11 Applications of quantum physics

P111  EReflection and transmission at steps and barriers
P11.2  The quantum harmonic oscillater

P113  Schrédinger's model of hydrogen

P114  Quantum physics of solids

FLAP mathematics modules

il Algebra, functions and equations
M11  Anthmetic and algebra

M1.2  IMNumbers, umts and physical quantities
1.3  Functions and graphs

M14  Solving equations

M15  Exponenhal and loganthmic functions
16  Tngonometric functions

1.7  Zenes expansions and approzxmations

iz Wectors and geometry

W21 Introducing geometry

22  Introducing co-ordinate geometry
W22 Conc sections

M2 4  Introducng scalars and vectors
M25  Working with wvectors

M2 & The scalar product of vectors
127  The vector product of vectors

M3 Complex numbers

W31  Introducing complex numbers

3.2  Polar representation of complex numbers
W33 Complex algebra and de Mowvre's theorem

4 Dufferentiation

4.1  Introducing differentiation

W42 Basic differentiation

W42 Further differentiation

44  Stationary points and graphing

45  Taylor expansions & polynomial approximations
M4 & Hyperbolc finctions and diferentiation



%] Integration

51 Introducing mtegration
152  Basic integration

153  Techmques of mtegration
54 Appleations of mtegration
1455  Further mtegration

s Dhfferential equations

W61 Introducing diferential equations

6.2 Solving first order differential equations
W63 Solving second order differential equations
64 Waves and partial differential equations
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