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Why physics? Why now?

% ne hundred years ago, a young man working in the Patent Office in Bern, Switzerland,
@publishuj a series of seientific articles. These introduced revolutionary ideas on funda-
mental questions related to the existence of atoms, the nature of light, the concepts of time and
space, energy and matter, They opened up a whole new world composed of the infinitely small
{particles), the infinilely Jarge {the cosmos) and the infinitely complex (the states of matter).
The name of this young man was Alberl Einstein and his theories would lay the foundations
for transistors, computers, lasers, televisions, magnetic resonance imagery in medicing and
space travel,

Ambassador Moleko of Lesotho evoled this Miraculous Year, as it is known, when
presenting a reselution for an International Year of Phyvsics in 2005 to the United Nations six
months ago,

The International Year of Physics celebrates the penius of Albert Einstein. But the Year is as
much forward-leoking as commemaorative, [Fanything, we have an even greater need of the
Physical sciences now than ever before, How else will we solve the major problems of the 21+
century related o encrgy production, environmental proteetion and public health? But first, we
will need fo persuade dubitative politicians that the technologies they will need tomorrow are
the basic research of today.,

More than &0 countries around the world are prepanng special events to celebrate the Year,
of which UNESCO s lead ageney and one of the co-ordinaters within an international steering
committes led by the Burapean Physical Society,

The Year s being launched by a conference on the theme of Physics for Tomorrow from 13 to
15 January at UNESCO Headguarters, Open to the general public, the conference will focus on
the role of physics in society and its impact on everyday lile, the influence of Einstein on the sci-
ence of the 200 and 219 centurics, the teaching of physics and its links with other disciplines,

Given the troubling — and in some cases growing — disaffection for phyvsics among the
vounger generation, the lead story in this issue looks at how teaching methods are evolving
toacards activity-based tition, & promising new approach,

A World Conference on Physies und Sustainable Development in Durban from 31 October
to 2 November will round off the Year, sponsored primarily by UNESCO and its Abdus
Salam International Center for Theoretical Physics, the South African Institute of Physics
and the Internationa] Union of Pure and Applied Physics, Approximately 300 physicists
and policy-makers from around the world will meetl o discuss the ties between physics
and economie development, health, energy, environment and education, The conlerence 1s
capected to come up with an agenda for action that the international physics community can
implement collectively.,

W, Erdelen
Assistant Divectar-Geneval for Natiral Sciences
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Physics without tears

Physics has never been a popular subject. Students tend to conclude that, on balance, physics
requires too much work compared to the career options it promises. Most physics graduates,
and especially those in developing countries, tend to end up as poorly-paid university or
secondary school teachers. As a result, few students choose to major in physics. While data
for most countries are incomplete, the available statistics do tend to show that the percentage
of physics majors out of total university enrclment remains low.

The good news is that teaching methods are evolving. Today, the accent is being put on activity-based
tuition that engages students in the learning process. Not only are there signs that students are enjoying
physics more than before but recent studies also show a marked improvement in student performance

when interactive teaching methods are applied.

Why is it so important to improve pliysics teaching at univer-
sity? The answer is obvious. The physics students of today are
tomorrow s scientists, engineers, medical doctors and teachers
al the secondary and tertiary levels. Even future economists,
psychologists and writers usually take an introductory course
in physics, At Columbia University in the USA, this course
has been affectionately dubbed *physics for poets’ by students,
The fact is that a basic knowledge of physics is a key compo-
nent of 8 well-rounded education. A university graduste who
understands nothing of the forces behind natural phenomena
like lightning or gravity goes through lite with a handicap, He
or she 15 equally handicapped when il comes to understand-
ing the modem world, Herwig Schopper gives a poignant
example of this {p. 14} when he tells how doctors have had o
drop the word *nuclear” from the term of imaging with nuclear
magnetic resonance to avoid scaring patients — whose mis-
givings are born of ignorance,

An article published by the Forum on Education of the
American Physical Society in 2002 contends that the phys-
ics major in the USA is an endangered species, The authors
write that, “In 1999, ... the absolute number of physics majors
reached the lowest point since the end of the

195087 (see hox),
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gives an idea of the siwation in Africa in Phusics Today
(January 2004), when he writes that “some ol the poorest
countries have gross enrolment rates [in science at secondary
school] of between 5% and 10%. 1t is therefine not surprising”,
he concludes, “that the development of a physics tradition, and
the corresponding public investment in physics in those coun-
tries, 1s limited, or even nonexistent.”

[n Latin America, “despite continued growth and improve-
ment, the production of trained physicists remains low’, regrets
José Luis Mordn-Lapez in Plysics Today (20000, Professor of
physics at the University of San Luis Potosi in Mexico, he cal-
culates that the region counts ‘at most 400000 physicists [with
at least a Bachelor's degree in physics]’ out of a population of
500 million. He concludes that “clearly, several Latin American
mstitutions offer very pood undergraduate and eraduate pro-
grammes but the number of graduates is insullicient 0 serve
the needs of the region’.

Publish or perish!

It follows that, with few students majoring in physics, the
numbers of physicists and physics teachers are also low, Tn the
developed world, the few who do complete a degree and go
on to become physicists usually find employment either in the
university sector o in industry. In the South, most physicists
are employed in universities, In developed and developing
countries alike, these who do work in universities are expected
to teach while at the same time conducting up-to-the-minute
rescarch, or research on a specific topic. For them, rescarch is
the key o a successful carcer, not teaching, ‘Publish or perish’
15 @ well-known maxim among physicists, whose success is
generally measured in terms of publications; no such yardsticl
of success exists in teaching,

Moving away from the chalk-and-talk method
Dhoes a degree in physics make a pood physics teacher? *Physics

teachers generally teach as they themselves have heen tanght’,
comments Lillian MeDermott, the multi-aearded pioncer in

2 A World of SCIENCE, Vol. 3, No. 1, January—harch 2005
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Physics Education Research (PER) from the Department of
Physics of the University of Washington (USA). *In recalling
howe they were inspired by their own experience with intro-
ductory physics, many instructors tend to think of students
as vounger versions of themselves.” Moreover, McDermott
has shown that university physics courses do not provide the
preparation that teachers need. Many physicists have been
tauzht by the chalk-and-talk or lecture method. PER studies
have demonstrated that the traditional or lecture mode of teach-
ing has been ineffective. The conceptual and problem-solving
test results from a G000-student survey of mechanics est data
ol introductory physics courses by Richard Halke at the Indiana
University (Bloomington, USA) published in 1998 “strongly
spyraest that the classroom use of inleractive engagement meth-
ods can increase mechanics-course effectiveness well beyond
that obtained in traditional practice,” The traditional method
of teaching is senerally held responsible for the unpopularity
of physics among students. The chalk-and-talk approach has
failed to communicate the excitement and joy of discovery
experienced by those who work in the ficld.

The simation in physics teaching in many countries, espe-
cially in the developing world, is a complex problem. Most
physics leachers in universities and secondary schools either
lack the appropriate educational background in physics or have
only a tenuous hold on their conceptual understanding of phys-
ics, Seience education experts believe that the high percentage
of pupils who fail in physics and the growing aversion for the
subject clearly demonstrate that teacher triming means much
more than simply lecturing future teachers in physics. The lack
of a solid grounding in the subject also needs to be addressed.
Many physics departments lack a consistent approach to
developing and maintaiming their undergraduate teaching labo-
atories. As a consequence of the “publish or perish” dictate,
research laboratories are given more mmportance and resources
than those required for teaching, When physics teachers do
invest the extra time and energy to make their teaching more
interesting, their efforts often go unnoticed, earning them no
appreciation and no recognition. To compound the problem,
there are physics praduates who teach without ever having
benelited from any laboratory experience themselves,

Motably n the USA, PER groups have been established over
the past twenty vears in several university physics departments
to leok into innovative approaches to teaching and student learn-
ing, inchuding interactive engagement. Essentially, the method i
activity-based 1o engage studenis in the learning process.

UNESCO has initiated a number of projects to regencrale
university physics teaching. Regional physics education net-
waorks were established under the auspices of UNESCO in the
1930s, Among these, the Asiin Physics Educanon Metwork
{ASPEN) has been run over the years through support from
UNESCOYs Jakarta Office. ASPEN has organized various
activities implicating countries in Southeast and Fast Asi,
notably Japan, China, Republic of Korea, Thailand, Malaysia,
Philippines, Australia, Laos and Vietnam,

The end of a downhill slide
for physics majors in the USA?

_If Bachelor's degrees have climbed steadily in the USA owver the

past half-century from quarter of a million in 1955 to 1.2 million
in 2001, the progression in those majoring in physics has heen a
more bumpy ride. As can be seen from the graph below, numbers
rose steadily in the 1950s and 19605 to a peak of 6000 in 1959
befare falling off to fewer than 4000 by the end of the century.
Mumbers have begun picking up timidly again since but, even
0, only 3.4 of every 1000 Bachelor's degrees were awarded in
physics in 2001,

Bachelor's degrees awarded in USA
in physics, 1955-2001
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Source: American lnstitute of Physics Statistical Research Center, Roster
af Phisics Departrents and NCES Digest of Education Statistics

From the graph below, we can see that the 19505 was a volatile
decade in terms of undergraduate education. Many calculus-
based fields, such as physics, engineering and mathematics, lost
students at different points during the decade. This seems to
be at least in part because of the ever-greater choice of course
options. The two fastest-growing fields in the 1990s were
bislogy and psychology, both of which were strongly popular
with women {75% of psychology majors were women). In 1958,
about 55% of all Bachelor's degrees were earned by women,
a trend the US Department of Education projects will amplify,
with women representing 58% of the Bachelor's class in 2010.
[n physics, however, wamen only passed the 20% mark for the
first time in 1999, In 2001, they represented 22% of the physics
undergraduate class.

Bachelor's degrees awarded in USA
by discipline, 1985-2000
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Europe’s physicists of tomorrow

There is a general imgression in Europe that the number of physic
graduates is decreasing but is this really se? Mo Eurcpe-wide statistical
study had been conducted until the European Physical Society took it
upen itself to determine whether there was indeed a disaffection for
physics at the tertiary level.

The Mapping Physics Students Across Europe (MAPS) project submitted
its first report to the European Commission in April 2004, The report
shiowes that the number of physics graduates shrank by 15% across
Eurcpe between 1998 and 2002, Half of countries recorded a drop,
notably the populous countries of Germany (-28%), Spain (-16%) and
France (-14%) grouping 200 million Europeans (see graph below).

Yet, Europe will need an additional 500 000 scientists in all fields if it is
e reach its target of a European Research Area spanning 30 countrics
or more by 2010,

Physics graduates in 1998 and 2002
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The MAPS regort may be downloaded at wwiwieps.org
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In 1990, UNESCO launched the University Foundation
Course in Physics (UFCP) to give first-vear university
teaching in physics a boost by pooling expertise from
developing and developed countries alike wo help universi-
ties — especially those in developing countries — improve
the quality, effectiveness and relevance of their introduc-
tory physics courses. While emphasizing the need for
more laboratory work and topics on contemporary physics,
UFCP recognizes that not all topics can be taken up with
cqual rigour and effectiveness.

The project wok off in Asia thanks to ASPEN, which
provided experts from China, India, Japan, Australia and the
Philippines, Their participation resulted in the production of
a texthook and modules on selected topics in contemporary
physics, as well as laboratory manuals and instructional materi-
als on video and computer simulation software,

- ’ v ¥ 4
Werking in groups of twe or three, particioants in an active
learning warkshop in 5 Lanka are studying the motion of a
failing object in real-time

LFCP was a ploneering eftort to break away from the tradi-
tienal approach 1o frst-year physics teaching, Cme off-shoot has
been for different countries o lake advantage of the internationa]
collaboration to develop their own instriectional materials.,

Physics education networks established under the aus-
pices of UNESCO in Latin America and in Arab and Afiican
countries have not fared as well as their Asian counterpart,
But that could be about to change. Since the VI Inter-
American Conference on Physics Education co-sponsored by
LINESCO m Cuba i July 2003, plans are afoot (o revitalizc
the Latin American physics education network, On another
continent, physics teachers from seven counties in Adrica
have formed an electronic group to facilitate the online
exchange of news and information on the active learning
methad in the wake of the first UNESCO regional workshop
om the technique in Ghana in October 2003 (zee photo).

Hands-on learning in physics

LNESCO and ASPEN have been organizing hands-on
wotlishops demonstrating the active learning technique

a A Weorld of SCIENCE, Vaol. 3, Ne. 1, January-March 2005
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A bicycle whee! can be used to demonstrate rotational farce or
torgue and its refation to angular velocity and momentum

since 1996, Together, they have also developed innovative
techniques in co-operation with PER experts from the USA
and hands-on curniculum maternal, Workshops have been
run in Laos, Australia, Malaysia, the Philippines, Republic
of Korea, S Lanka and Vietnam,

Moreover, with UNESCO support and in co-operation
with ASPEN, active learming modules on topics inomechan-
ics have been developed and compiled for free distribution,
These workshops have demonstrated that many physics
teachers are keen to improve their teaching methods,

Building on the ASPEN experience, the recent UNESCO
workshops in active learning organized i Africa in col-
laboration with the Society of Alrican Physicists and
Mathematicians have fostered the use of laboratory work
and hands-on activities in physics classes to improve
conceptual understanding of physics and promote innova-
tive modes of content delivery, especially those developed
in the USA by McDermott, Priscilla Laws of Dickinson
College, Ronald Thornton of Tufts University and David
SokololT of the University of Oregon. '

UNMESCO has put together a team of resource persons to
run the workshops who dentify with physics teachers and
understand conditions in developing countries. ASPEN mem-
bers play a key role in the team, which 1s developing leam-
ing materials and activities with emphasis on South—South
collaboration. Resource persons from farther afield are also
being primed to mn workshops in other languages; they
underso traming and evaluation i using and developing active
learning materials, including designing hands-on activities and
farmulating probing discussion and assessment questions,

Caring about students

The active learming method, or “interactive cngagement’,
endeavours 1o match the teacher’s strategy with the student’s
learning style, The active learning environment is generally
characterized as being student-centered and achivity-based
with recourse (o computers and other equipment.

1 a Iraening course for resource N'-" SRS i1 Marila Philippines),
frainees were presented with all kinds of locally available
devices and materials, both computer and non-computer based

Students are actively engaged in the learning process.
They work in groups with materials and equipment, mak-
ing predictions and observations, exchanging ideas with
classmates and teacher. asking and answering questions.
They use the results of their work to make mathematical
deseriptions and construct theories. In the process, they
are developing scientific reasoning skills and learning the
underlving principles and concepts, They then cease to be
mere receivers of information.

It talls to the teacher to prepare the learming environment
by choosing the experiments, exercises and discussion
questions. By keeping lectures to a minimum and asking
the students questions, the teacher guides the class through
the reasoning necessary 1o construct concepts, In so doing,
the teacher acts as facilitator, giving up her'his role as the
source of all information,

. The Asian P
ASPEN was established in 1981 on the recommendation of the UNESCO
Consultative Committee Meeting in Khon Kaen (Thailand) attended by
representatives from Afghanistan, Australia, China, India, Indonesia, Korea

IFep.), Malaysia, Papua Mew Guinea, Philipoines, the former USSR and
Thailand. . .

ASPEN promotes the overall development of university physics education
in Asia and has established a programme of co-operation among members,
toowhom it disseminates information.

ASPEN operates through a network of National Points-of-Contact (NPCs)
nominated normally by the National Commissions for UNESCO. The netwark
callaborates closely with UNESCO's physics programme at Headguarters and
in the field through UNESCO's regional offices for science and technology in
Jakarta and News Delhi.

The Co-crdinating Board is headed by a Chair and Vice-Chair and made ugp
of MPCs of seven member countries and a UNESCO representative. Every five
years, the ASPEN General Assembly meets to take stock and elect new officers
Lo the Board, At the last General Assembly in 56 Lanka in December 2002,
membership comprised Australia, China, India, Indonesia, Japan, Xorea (Rep.),
Lacs, Malaysia, Pakistan, Philipgines, Sri Lanka, Thailand and Vietnam.,

A World of SCIENCE, Vol 2, No, 1, January-March 2005 5
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A simple apparatus can be used to demonstrate image formation
by curved mirrars, The curved mirror above fs made from alumini-
um and the ray bax has been built using the periscope principle

Assessment and evaluation are an essental part of the active
learing approach. It is important to determine how well the
students are taking in physics concepts. The development of
active learning curricula through physics education research
has gone hand in hand with the design of standardized assess-
ment instruments to probe conceptual undersianding, Three
tools of note are the Force Concept Inventory, the Force and
Moton Conceptual Evaluation, and the Conceptual Survey af
Electricity and Magnetism. These assessment tools differ from
the usual approach of requiring students to manipulate formu-
lae or answer gquestions on the basis of memorzation,

Teenagers tackle their country’s energy problem

o o 7 F e R R g
A demonstration of an electric circuit in series or in parallel can be
constructed wsing a wooden board, electric bulbs, batteries and a
switch. The apparatus can be uied as an interactive deamonstration
in a lecture, By comparing the brightness of the bulbs connected
iy series or in parallel, students can see far themsclves the differ-
ence between serias and parallel circuits in terms of current and
voltage, and the effect of switching the circuit on or off, This dem-
onstration gives the student a real experience of electric circuits
Geyond the blind note-taking and copying of diagrams

One size does not fit all

There can be no *one size fits all” approach. To be effec-
tive, active learning modules in physics need to take into
aceount the resources available in the university and the
cultural context. This does not mean that materials that
have been developed to date and evaluated overseas are
not valuable but some adaptation will be necessary. The
Force and Motion Conceptual Evaluation, for example,
which is used to probe conceptual understanding of

Energy is one of the scientific cancepts most frequently found in school sc-
BNICE COUrses, even at the primary level. This is only natural, given that we
are surrcunded by energy in one form or another. One of the first things
children learn at school is that energy cannet be created or destroyed but
only changed into another form, They
learn that the sun emits solar energy
but that we can only make use of that
energy by converting it into electri-
cal energy using solar panels, or that
coal contains chemical energy that can
only be converted into heat energy by
buming the coal. In other words, they
learn that any form of energy is only
as wseful as our akility te hamess it
‘fet, when pupils are taught about the
concept of energy without being able
ta put theary into practice, the lesson
tends not to sink in.

5. Cert

In Uruguay, the prolonged drought of
2004, in a country where hydroelectric
power is namally sufficient to cover
80% of the country's electrical demand,
inspired teachers at the Instituto Ariel Hebreo Uruguayo to design a
practical, even topical, project for their third-year classes, The idea was
ta show the 16-year olds how important it was for a country to develop
& contingency plan within its energy policy to prepare for unforeseeable
extreme weather events like drought, Incorporated in the school project
were elements taken from ghysics, chemistry and biclogy, The teachers
encouraged pupils to explore the concept of energy helping them in
particular ta grasp as abstract a concept as the definition of capacity:

Here, pupils at the Institute Arie!
ammeter and a voltreter to abserve the changes in current and
voltage in g simple DC-powered electric circult

The teachers organized a debate using a didactic approach developed
by the Organization of lbero-American States and Oviedo University in
Spain. In this case, the debate centred on Uruguay's recent energy crisis.
The fictional controversy the teachers chose concerned a proposal by an
enterprise to install a nuclear power
plant. Pupils were asked to play dif-
ferent roles and defend conflicting
points of views. They were asked to
develop arguments based on infor-
matian in real and fictional hand-
outs from their teacher, together
with any other details they could
unearth on the costs, risks, ete, of
this means of generating electricity:
They were then asked to present
alternatives. The group arguing
against the nuclear power plant
came up with propesals for solar
cells, biogas and windmills, Once
both sides had presented their argu-
ments, the floor was thrown open
e questions before the class voted
to decide which side had won.

Hebreo Uruguaye are using an

rfor details, contact physics teacher Sergio Gunther:
sgunther@adinet. com.uy; wivw institutoariel.com.uyl

For detajls of UNESCO'S science education programime in Latin
America, contact Beatriz Macedo: bmacedo@unesco.cl: or Ragirel
Efgenberg: arielef@movinet.com. uy

[ A World of SCIENCE, Vol. 3, No. 1, lanuary-March 2005



'Ms Koech has been teaching physics at Pangani Girls® High School
in Mairobi (Kenya) for the past five years. Physics is Koech's passion.
I Yet teaching physics is a daily struggle to

combat the real and perceived fears of
physics among girls. Koech believes that
girls can succeed and ewven enjoy phys-
ics. Drawing on everyday life experiences,
Keech is never at a loss for physics exam-
ples: she wses walking upright to explain - g8
gravity, lifting an object to explain mass,
the distance moved to explain force and
50 on, 'Physics is so practical and real’,
she enthuses. You explain what you see,
In fact, with an understanding of basic
concepts, learners can explain and analyse
abservations accerding to principles and
laws of physics.” =
Koech speaks of the phobia for physics 8
ameng girls, especially when it comes

to mathematical eqguations, This fear is

fuelled by misconceptions vehicled by family and friends. 'In cur fam-
ily, we believe that girls cannot parform well in sciences,” one pupil

Helping girls shake off gender-stereotyping

that physics was a hard course with so many graphs and calculations,
My family wanted me to take history or geography instead’.

Girls tend to dissociate themselves during
practical sessions, censidering mechanics,
electronics and electricity 1o be masculing
damains. ‘Parents encourage their young
haoys to make little cars and construct
things while encouraging their girls to
play “mum® by cooking and taking care
of the baby. This affects girls” devel-
opment and attitude towards science’,
regrets Koedh,

‘If learners can relate concepts from math-
ematics to principles in physics, they tend
to overcome their fear of physics and
perform better’, says Koech, A& third-year
pupil confirms this. ‘Physics is fun and
interesting once you are able to relate it

Girls f FPangani High School

to mathematics’.

a school Physics Club which is enjoying growing popularity.

sighs. The girls' negative attitude towards science starts at home,

where they are discouraged from taking science subjects. One third-
year pupil recalls, ' was being discouraged by my family and friends

For details of UNESCOS science education programme in Africa
(in Nairobi): Susan.Nkinyangi@unesco.unon.erg

Newton's Laws of Motion, was developed oniginally in a
temperate country and in American English; it is currently
being adapted to the context of tropical countries, where
teachers’ first language is not English, The onginal ver-
sion describes a sled on ice and relers 1o a person wearing
spiked shoes standing on the ice and applying a force to the
sled, which pushes it aleng the ice. The “tropical” version
beging as follows:

Mowoman works inan iee-making factory, She moves
a large block of ice around the factory by sliding
it alomg a very smooth polished foor, The Inetion
between the jee block and the polished floor 15 50
amall that it can be ignored. The woman wears non-
slip rubber-soled shoes when standing on the Noor, 50
that she can apply a Forge 1o the ice Block and push it
along the polished Moo,

Computer use 15 desirable, where possible, since computers
enable students to acquire data and draw graphs providing
a real-time picture of a physical event that is computer-
automated, [n the study of Newton’s laws of motion, Tor
example, the use of computers enables the student to con-
trol the motion of an object and observe and understand the
changes in its motion.

However, as computers are not vet a familiar sight in
physics-teaching laboratories, non-computer-based activi-
ties using simple, locally available marterials have been
developed, some of which are shown on these pages, These
activities will be compiled in g training manual and dis-
seminated belore the end of 2003 both online through the
ASPEN website and in printed form.

[t will take a concerted, consistent approach w collabora-
tion with committed partners to make the paradigm shifi
in physics teaching, Recent UNESCO activities in physics
education, including those of its centre in Trieste, the Abdus
Salam International Centre for Theoretical Physics, have
thus brought on board the International Society of Optical
Engineering, the Ateneo de Manila University (Philippines)
and the University of Oregon {USA).

Rising to the challenge

Introducing the active learning method to physics teach-
ers in developing countrics will require a tremendous
effort and a commitment to change. The shifl from a pas-
sive learning environment to an active learning one will
not be easy, Most of the hurdles on the path ahead are a
consequence of the pervading traditional cullure in phys-
ics teaching. These should evaporate, however, as teacher
irejraining progresses and we begin to see Improvements
in physics education. Since collaboration among physics
teachers will be central to this process and they will need
to pool their ideas and experiences, the key to success will
lic in whether or not physics education networks can rise
to the challenge.

Mineclla Alarcon?

For details: moalarcon@unesco.org
Tnternaticnal Year of Physics: wwwowpp 2005 0re

I UNESCO Pragramme Specialist, Co-ordinator of Intornational

Year of Phvsics

Inspired by their teacher's love of physics, the girls have started
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