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SUMMARY:

The number of women, including the number of technically trained women, moving into
industrial positions is slowly increasing. Although they have historically had difficulty rising through the
ranks, the scene is now changing. Several women are at the highest executive ranks, and have an ever-
expanding group rising behind them.

The global economy of today and the rising awareness of the role of technology in the
competitive positioning of companies and countries has created an anxiety about our technical work
force. This, in turn, has caused an examination of school system-s and their ability to attract students into
math and science programs. Both in Europe and the United States, the number of science and
engineering students in the university, and school children interested in science and math, are declining
at this time of perceived need. Thus, the encouragement of more women and ethnic groups under-
represented in science and engineering becomes more urgent. To facilitate that participation. we need to
understand the barriers and inhibitions which have caused the current under-representation. Science and
engineering graduates find employment and careers in a variety of environments including academic
institutions, government laboratories, general business, service industries, and industrial firms. The
largest number, particularly in chemistry and chemical engineering, find employment in the industrial
sector, in research and development, and in technical support positions such as sales and technical
service. The issues for women are both at the entry level for access to attractive positions, and at later
career stages for



Opportunity for upward mobility and promotion. Thus, it is timely to review the current status of
technically trained women in the industrial work place and to assess the future attraction of this
environment.

Since technical opportunities for women will depend on the overall climate and atmosphere in
the industrial scene, I would first like to look at the position of women in industry overall. There have
been many studies done in recent years on the women in the corporation and on the reality of the "glass
ceiling”, that subtle barrier to the entry of women to the corporate executive suite and their access to
power wielding positions. One of the early studies was the book entitled, “Men and Women of the
Corporation", written in 1977 by Rosabeth Moss Kanter. This book not only provides a thorough
examination of the mores and culture in major corporations, it also serves as a baseline for comparison to
measure what progress has been made during the past fifteen years where massive numbers of women
have joined the work force. Kanter points out that in 1970, 96% of all managers and administrators were
earning $15,000 per year and 98% of those earning over $30,000 were men. Further up the ladder,
women were even more invisible. She reports that a survey of 163 U. S. companies indicated that “in
three-fourths of the companies, women held 2% or less of the middle management jobs and in over three-
fourths of the companies, they held none of the top management jobs." Her conclusion was that
managerial and clerical jobs were the major sex-segregated, white-collar occupations in the United
States. However, she clearly thought that neither the jobs themselves nor the men and women occupying
the jobs had any inherent sex-related qualities. The structure developed as a result of the sociology of the
organization rather than as a consequence of the sex orientation of the employees.

In 1977, this problem would have been particularly difficult in technical areas since women
represented such a small percentage of the technical work force. However, Dr. Kanter postulated that
since the organizational behavior is a function of organizational structure and not intrinsic character that
the system can be interrupted and the consequences of job relationships changed. She particularly
focused on power, which conveys autonomy and freedom of action. The key was to change the
condition which trapped women in "cycles of powerlessness” in the organization. For example, most of
the few successful women had strong technical backgrounds and had been "token" women among male
peers. The other positive factor was the presence of a mentor. A study by Cussler and Hennig showed
clearly the importance of sponsorship, and a British study indicated the importance of an "office uncle”
to a woman's career.

Kanter's study was followed by a Korn/Ferry "Profile of Women Senior Executives7Jin 1982.
The change from 1977 was encouraging - they identified 600 women listed as Executive Vice Presidents,
Senior Vice Presidents, and Functional Vice Presidents in 800 corporations from the Fortune 500
companies. The composite woman senior executive was a Vice-President and earned an annual average
compensation of over $92,000. Interestingly, one third of the respondents began as professional technical
or marketing/sales positions where 51 % of the equivalent male executives began in these job
classifications. Again, this points out the low number of



Women in these technically-oriented positions, but it also indicates the utility of a technical
position as a stepping stone to an executive position. It is interesting to note that the Korn/Ferry
executives felt that the major obstacles to overcome were being a woman and a lack of self-confidence.

As follow-ons, there have been two recent studies on women in industry. A study entitled,
"Women in Corporate Management: Results of a Catalyst Survey" was published in 1990 by Catalyst, an
organization involved in promoting the status of women in American corporations and professional firms.
The results are encouraging in that women now constitute over 5% of the senior managers, up from about
2% in the mid-1980's. Kanter's concept of intervention was seen to be vindicated since the interviews
showed clearly that the commitment of the Chief Executive Officer to take aggressive action to move
women forward was critical to the advancement of women to top positions. Surprisingly, 91 % of the
CEOQ's agreed that it was the company's responsibility to change to support the needs of women in
management and professional positions. The catalyst report also identified the five skills and
characteristics that seem to be most critical for success - technical skills and education, managerial ability,
career commitment, and experience.

The second 1990 report by Russell Reynolds Associates entitled, "Men, Women, and Leadership"
is an interesting study of the differences between men and women in their leadership versus management
skills. Surprisingly, they found more women in executive positions with leadership qualities than their
male counterparts. However, although the number of women had increased, the perception remained that
women face hostility and resentment on the job. Over 67% of the leader-style women and 30% of the
manager-style women believed that this adverse climate still exists. However, only 2% of the leader-style
males and 25% of the manager-style males felt that these conditions existed. So, even in the face of
significant gains, many women still feel that the barriers are high for upward mobility in the current
corporate structure. As Jaclyn Fierman noted in a July issue of Fortune magazine, this perception has
caused many able women to abandon the fast track. They are taking time off for children, they find better
opportunities in smaller firms, they start up their own businesses or consulting firms, or they just get tired
and relax in place. Ms. Fierman quotes Lily Tomlin, "If I had known what it would be like to have it all, I
might have settled for less.”

Regardless of these less than inspiring studies, women are continuing to come into the work force
and many of them have outstanding careers. Their numbers in technical jobs is still increasing and many
are succeeding. The successful ones in technical companies include Kathryn Braun, Senior Vice President
of Western Digital; Edith Martin a Boeing Vice President; and Lois Juliber, a Division President at
Colgate-Palmolive. Some other high-tech leaders include Iva Wilson, President of Phillips Display
Components Company, who has a Ph.D. in electrical engineering; Ilene Lang, President of Adelie
Corporation, a custom software house: Joanna Jannson, President of Physical Optics Corporation; Janet
Baker, President of Dragon Systems, a maker of speech recognition systems: and Mary-Dell Chilton,
Executive Director of Ciba-Geigy Corporation. There are also lots of women in the pipeline. At



A T& T, women now make up 5% of the scientific managers and 10% of all managers who earned more
than $100,000. At Hewlett-Packard, 21 % of the engineers are now women.

The bottom line today for technically-trained women is that the access problem is essentially
solved. Women now get entry-level jobs and beginning salaries comparable to men. In spite of the
continuing existence of some subtle barriers and the problem of balancing work and family, women are
being promoted and empowered. As the need for technical talent escalates, and more and more role
models appear, women will continue to make steady progress up the ladder. In the technical fields, their
work will also be exciting and rewarding.

We should encourage our young colleagues and students to join us in one of the most satisfying
careers around. We also have an obligation to help each of them reach their potential by our mentoring
and support.
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SUMMARY

Two major problems associated with port and harbour approach channels are discussed - wandering
course and fluctuating depth. Three examples, drawn from the UK, the USA and Indonesia, demonstrate that
before undertaking civil engineering works intended to provide a stable navigation channdl, it is essential both
to identify those factors responsible for the problems and to investigate the likely impact on channe and
environment of the remedial works proposed.

INTRODUCTION

One of the earliest means of communication between primitive communities was by water transport,
usually requiring less effort than transport by land. In the beginning the wide variations in the design of craft
reflected local differences in natural conditions such as the prevailing state of winds, waves, tidal currents,
river flow, and the availability of building materials such as wood, reeds or animal skins. As navigators
ventured further and further a field and inter-continental trade became established ships needed to be more
robust, the wooden sailing ship, characteristic of European maritime nations from the fourteenth century
onwards, eventually giving way to the steel steamship during the advance of the Industrial Revolution.

The present century has seen the rise and fall of the large ocean-going passenger liner and the
development of the container ship and the bulk carrier, a super tanker of some 300,000 tonnes (dwt) having a
length, a beam and a draught of about 345 metres, 55 metres and 22 metres respectively. This increase in
vessel size has meant that the approach channels to many long-standing ports and harbours, originally
perfectly satisfactory for the craft of the day, became too narrow, shalow or tortuous for the new large ships.
Harbour authorities met the challenge by carrying out various civil engineering works such as dredging to
deepen and straighten the channels, or training wall construction to stabilize channel position and increase bed
scour by concentrating the available flow. Sometimes these measures were successful: sometimes they
created new and greater problems.

Using examples drawn from the Old World, the New World and the Devel oping World there follows
an account of some of the problemsinvestigated and remedial measures taken.

LIVERPOOL BAY

The first example is of the approach channel to the Port of Liverpool which crosses Liverpool Bay
through an area of sand banks which dry out at low water of spring tides.
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Figure 1(a) shows the banks & channels in Liverpool Bay as surveyed in 1766. ('Feet’, the sounding
units of the time, have been retained). At that time there were two navigation channels, one from the north
and one from the west along the coast of the Wirral. The difficulty was that sea bed levels in the Bay were not
stable - one month's deep water channel could well be next month's sand bank. Figure 1(b) shows how, by
1833, the channd from the north had disappeared, that from the west was shoaling, and a new channel had
developed from the north-west which then became the main route to Liverpool. By 1912 (Figure 3(c» the
northwest approach had shifted bodily to the north and the old west channel had dwindled still further. Such a
situation was much too unrdiablefor a port devel oping its overseas trade.

Dredging to keep pace with the increasing draught of ships had begun in the 1890's and between 1909 and
1939 (with a nine-year break which followed the onset of the First World War) thirteen miles of revetment, or
training walls, were built flanking the channel. They reached a height about 4 feet above low water level of
spring tides. The walls are shown as broken lines on Figure 1. The survey for 1955 (Fig 1(d» shows the
channel to be well established between the training walls, the old west channel having completely
disappeared. The situation in Liverpool Bay is much the same today as in 1955. The works can therefore be
said to have successfully achieved the stabilization of the port approach channd. Unfortunately, however, the
story does not end there.

Before After
training 3 training

9, fm % Net landward flow
0 3 miles
| A N E—

P Net seaward flow MK/1/3-91/LO

Figure 2. Liverpool Bay - effect of training walls on flow
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During studies undertaken at Hydraulics Research by former colleagues and myself to explore
reasons why siltation amounting to 70 million cubic metres had occurred in the Mersey estuary during the
first half of this century, it was established that the training walls had significantly changed the distribution of
flood and ebb tidal flow in Liverpool Bay [1]. Measurements of flood and ebb flow throughout atide were
made just above the seabed at a number of fixed positions on a hydraulic model of the area both before and
after the installation of training walls. The difference between the amount of water moving past each position
on the flood and on the ebb gave the net movement of water per tide at each point. Since most of the sand
eroded and transported by flow is carried by near-bed rather than surface flow, the behaviour of bed water isa
good indicator of the direction of movement of the sediment.

Figure 2 depicts the effect of the training walls on net flow per tide. Before training (Fig 2 (a)) the
whole of Liverpool Bay was fairly evenly divided between net flow landwards towards the mouth of the
Mersey estuary and net flow seawards. After training (Fig 2(b)) the direction of net flow over the entire area
of sand banks to the west of the navigation channd (Fig 1) had become landward, net seaward flow being
mostly confined to the channdl itself. Sediments gradually built up the level of the sea bed behind the wall
until sand began to be carried over the top into the channel. The increased supply to the flood tide entering the
estuary meant that more sediment per tide was being transported into the Mersey to deposit at dack high
water than before. This high level of accretion continued until a new balance, or dynamic equilibrium, was
reached which reflected the changed flow conditions.

SAVANNAH HARBOUR

In the previous example the prime need was to stabilize the wandering course of the approach channel
through Liverpool Bay. With Savannah Harbour the main requirement was to keep pace with the ever-
increasing draught of ships through a continuing programme of channel deepening. Fortunately,
implementation of the necessary dredging was accompanied by painstaking record-keeping on the part of the
engineers responsible. Between 1923 and 1953 the lower 37 kilometers of the Savannah River were dredged
on four separate occasions to provide an overall depth increase of 3 metres. The location of Savannah
Harbour and the consequences of the deepening are shown on Figure 3.

In 1923 the main siltation area was Zone A, a stretch of estuary needing maintenance dredging at a
rate of about 11/2 million cubic metres a year to maintain navigation at the required depth. By 1953, after
successive degpening, the siltation area had gradually been displaced some 20 kilometers up-river to Zone B.
Here the average annual maintenance dredging had risen from almost nothing in 1923 to over 31/2 million
cubic metresin 1953. By thistime there was no longer any need to dredge in Zone A (Fig 3(b)).

Why should channel deegpening have had these effects? The answer is to be found in the way in which
the fresh river water and the salty tidal water mix.

Savannah Harbour is what hydraulic engineers call a 'partly-mixed' estuary. That means that the
vertical mixing of fresh and salt water is not complete and so instead of water throughout the depth becoming
uniformly more saline as you go from river to sea, surface salinity at a given position in the estuary is
significantly lower than near-bed salinity at that position. Most of this salinity difference occurs over a small
increment of depth, or transition zone, which behaves like an interface between two liquids of different
density. Upstream of this transition zone the net flow of water is seawards at all depths. downstream of the
zone it is landwards. Transported sediments therefore accumulate near the upstream limit of the zone since the
net flow of water near the bed is to this region from both directions. As the channel of the Savannah River
was successively deepened the tide could penetrate further and further into the estuary, and the transition
zone, with its associated area of siltation near the upstream limit, was gradually displaced landwards.

6 TR



Atlantic

i Ocean
¢ The United
States of America
Savannah
Harbour

’ =l
H 7, = Atlantic

~
= ~
- T
~
-4 S
"=
Savannah Harbour P,.. Bk
Navigation
channel - ~-=----
(C))

Average

siltation

(m3x108/yr)
/@
3.0 /
%} B \@
1923-25 1931-32 1939-44 1953-54
(b)
MK/4/3-91/LO
Figure 3. Savannah Harbour - effect of channel deepening
7 TR '

7TR




As in the case of Liverpool Bay, the civil engineering works in Savannah Harbour had the desired
effect of improving navigation. Also, asin Liverpool Bay, they had unforeseen, undesirable side-effects, for
the new, up-river siltation area (Zone B on Fig 3(a)) was located in a highly inconvenient reach of the
Savannah River. Not only was it adjacent to the main port area of the City of Savannah, it was also some
distance away from the spoil disposal grounds.

In an investigation into possible ways of re-locating the siltation zone without further jeopardizing
navigation channel depths, the Waterways Experiment Station, Mississippi carried out hydraulic model tests
asaresult of which they made the following recommendations [2]:

I. adeep sediment trap be dredged in Back River Just above its confluence with the navigation
channdl;
I1. adam with one-way tide gates be constructed in Back River just above the sediment trap;
I1l. a new cut be dredged to link Back River to the navigation channel near the small idand
upstream of Zone B.

During the incoming tide, water with its sediment load would flow into Back River in the usual way,
depositing sediments in the deep trap. Just after dack high water, the ebbing tide would close the gates
damming the water above and forcing it to flow back into the navigation channel via the newly dredged cui.
The higher-than-usual ebb flow down the navigation channel would carry sediments from Zone B to a new
deposition area near the entrance to the sediment trap where they could be more conveniently dredged and
deposited on the spoil grounds immediately to the north of the trap.

BELAWAN

The two case histories described above illustrate how major harbour channel works, undertaken
without the benefit of an understanding of those factors which locally influence the behaviour of flow and
sediments, can create serious unforeseen problems. The third example, from Indonesia, has been selected
because it represents a more recent port development proposal in which channel deepening has been
preceded, rather than followed, by a detailed investigation of the relevant factors [3],

The Port of Belawan is approached from the Straits of Malacca by a channdl, 12 kilometers long and
100 metres wide, which runs through an extensive area of shallow mud banks and is maintained at a depth St
metres below low water of spring tides by dredging at a rate of 4 million cubic metres a year (Fig 4). The
proposed creetion of new berths for larger vessels and the extension of the Citra Basin involve dredging and
maintaining the approach channel 3 metres deeper to alow passage for ships at all states of the tide. The
government of Indonesia and the port authority needed to know how implementation of the works would
affect the port, estuary and sea channel and what their future dredging commitment would be likely to be.

To obtain an idea of the magnitude of the additional maintenance dredging that would be required to
keep depths in the approach channel and port at the new deeper levels, it was necessary to determine the
existing siltation mechanism. This was done utilizing:

I. analysis of records gathered during 21 months at numerous sites under a variety of conditions;

I1. calculations of fluvial sediment loads from continuous records of turbidity and water level;
I1l. determination of sediment fall velocity and bed density from in-situ measurements,
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iv. anaysis of wind/wave observations;

V. results of flumetests on Belawan mud to establish its erosiona behaviour in currents;

vi. Results of laboratory experiments on Belawan mud to determine its behaviour under different
combinations of waves and tidal currents.

Before these studies were carried out there had been much, speculation on the part of the consultants, both
European and Asian, as to the reason for the existing siltation at Belawan. The most popular conclusion was
that it was due to silt transported down the two main rivers to deposit in the approach channel.

Contrary to expectation the results of (ii) indicated that only about 17% of the total volume dredged
annually could be attributed to river-borne sediments. The implications of the measurements in (iii) and the
testsin (v) were still more surprising when considered in the context of the strength of the currents measured
in the Belawan channdl. They showed that any sediment which managed to deposit on the bed during the
slack water periods between the flood and ebb of tides would be quickly re-entrained by the flow on the
following part of the tide. Some other factor (or factors) was clearly having a major effect and its identity
emerged from the analysesin (i) and (iv) and the results of (vi).

(i) And (iv) indicated that throughout the day, the near-bed concentration of suspended sediment over the
mud banks flanking the approach channel increased significantly with the increase in wave activity which
occurs for a few hours on most days of the year. (vi) demonstrated that waves having combinations of wave
height, wave period and water depth equivalent to those experienced at Belawan and giving a wave orbital
velocity near the bed of O.26nVs created a highly turbid layer, several centimetres thick. This layer could be
transported virtually intact, without being mixed with the upper layers of water, by the modest tidal currents
which flow over the offshore mud banks and obliquely across the seaward end of the channe (Fig 4). Oncein
the deeper water of the channel the turbid layer would remain there, beyond the influence of waves and
subject only to the prevailing balance between near-bed river and tidal flows along the channel.

Given a knowledge of the siltation mechanism it was possible from the field, laboratory and model results
to caculate the existing annual distribution of shoaling in port and approach channel. The agreement with
available dredging records for various locations was good, so repeat calculations were carried out using new
flow data obtained from a hydraulic model (Fig 5) in which the approach channel was successively deepened
by 3 metres.

In addition to revealing the existing siltation mechanism at Belawan and demonstrating how tidal
penetration and saline intrusion of the estuary would be affected by the civil engineering works, this study
established the optimum alignment for the new berths and indicated the future maintenance dredging
commitment. The proposed development is now gradually being carried out at Belawan and we await the
results of field monitoring with interest so that we may check the accuracy of the predictions.
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SUMMARY

Contemporary aircraft are being equipped with multiple control surfaces in each axis leading to
non-unique steady state trim solutions. This redundancy in control effectors can be successfully employed
to, derive optimum trim strategies. In the present paper, optimization of the Lift/Drag ratio of an aircraft
using multiple longitudinal control surfaces is illustrated. In contrast to conventional methods of
optimization using aircraft planform data alone, the control surface schedules are derived using a six
degree of freedom simulation tool. This result in deriving realistic control surface schedules taking into
consideration limits impaosed by thrust and actual maneuver conditions.

Introduction:

Improvement of the trimmed Lift/Drag (L / D) ratio of an aircraft has a direct bearing on its
maneuverability. Additional control surfaces such as flaps, leading edge dats are used to achieve
this improved aerodynamic efficiency. Optimum deployment schedule of these surfaces can generally
be established using basic aircraft lift, drag and moment (planform) characteristics [1]. However in this
type of anaysis, constraints imposed by actual aircraft thrust and maneuver boundaries cannot be
incorporated. Thus a six degree of freedom simulation setup with flexibility to implement different trim
strategies[2, 3, 4] has been used to generate realistic optimum  control ~ surface  deflections  to
maximize the Lift/Drag characteristics over the maneuver range of interest.

Aircraft Example:

For illustration purposes, an aircraft having a primary trim control surface and a leading edge
vortex flap (Slat) as a secondary surface is considered. The simulation software [2] requires as its input
the aircraft's, (i) mass and geometry data, ii) aerodynamic data, iii) engine data and iv) control
excursionlimits. The simulation program [2] can trim the aircraft to different steady states and the
following ~rim conditions are used in the present study;
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1) Straight and Level

In this condition all translational and rotational accelerations of the aircraft are zero for a
prespecified aircraft velocity and altitude. The engine thrust balances the drag force and the control
surfaces are deployed to achieve the remaining force and moment balances.

2) Push-over | Pull-up Maneuver

In this condition awings level flight condition results at a specified 'load factor' defined as the ratio
of lift | weight. Load factor greater than unity results in a pull-up maneuver and 'load factor less than
unity corresponds to a push-over maneuver. The trim state defined results in a non-zero steady state pitch
rate depending upon the trim load factor. The remaining angular rates are zero [2].

3) Levd Turn

I n this condition for a specified aircraft velocity, altitude, bank angle, direction of turn and load factor,
trim is achieved. The resulting steady state angular rates are discussed in [2]. Using these reference trim
conditions, the aircraft Lift | Drag ratio is computed for a mach number range of 0.5 to 0, 19 for Slat
retracted and extended conditions. The different trim conditions enable the aircraft to be operated over a
range of angle of attack.

Results

Figure 1 shows the variation of LID of the aircraft for different maneuvers as a function of dat
deployment. These variations were computed for a fixed center of gravity of the aircraft and trimming the
aircraft over arange of Mach numbers. In the case of level turn and pull-up maneuvers the load factor was
also varied. From the figure it is seen that for the straight and level flight condition it is inadvisable to
extend the slats. In the level turn and pull-up maneuvers, thereis a range of angle of attack, typically 6 to
10 deg, in which improvement in LI1D can be achieved by extending the slats. Indeed both the maneuvers
have similar LID variations as a function of angle of attack. Optimum slat deployment is thus dependent
both on angle of attack and maneuver. Since it is inadvisable to derive a slat extension schedule based on
maneuvers, additional scheduling parameters which capture the aircraft maneuver state can be
investigated.

Figure 2 shows the dependence of the LID on Mach no in the typicad maneuver Mach number
range. From the figure it is seen that the transition angle of attack at which the dat deployment becomes
effective varies as a function of Mach number. Thus Mach number is a good candidate as an additional
dat scheduling parameter.

Figure 3 shows the slat deployment transition boundary as a function of angle of attack and Mach
number. A cubic polynomia adequatdy defines this boundary and the following slat deployment
algorithm can be postulated in the maneuver Mach no range (0.7 - 0.9).

Variable Definitions:

M : Mach No
ALPHA : Angle of Attack (Deg)
ALFT : Transition Angle of attack
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1. FORM =0.7t00.9,
ALFT =100* (1.58- 6.19*M + 8.25* M**2 -3.6* M**3)
2. IFALPHA <=AL FT, THEN SLAT =0ELSESLAT! =1
ENDIF
From practical implementation considerations, this algorithm must be modified to build
in a hysteresis function which prevents chatter of the slat control surface if the operating angle
of attack is close to the transition boundary.

Conclusions

A method of computing the optimum trimmed L / D of an aircraft equipped with
multiple longitudinal control surfaces is illustrated. It is shown that use of a six degree of
freedom simulation tool facilitates in deriving realistic control surface schedules taking into
account thrust and maneuver boundaries. Simulation studies reveal that the maneuver
conditions of the aircraft can be adequately parameterized by a combination of angle of
attack and Mach number leading to a slat schedule which is a function of both these
parameters. Since the vortex dlat used in the aircraft example is not an independent trim
surface, substantial L / D improvements are not achievable compared to configurations
having canard / wing / tail control surface combinations.
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SUMMARY

A brief description is presented of the stages of a multicriterial evaluation procedure and a
recommendation of suitable techniques for each stage which is being used by the Institute of Transportation &
Traffic Engineering, Prague as aresult of the research work performed recently under the author’ s leadership.

INTRODUCTION

The design of an urban transportation system is usually being prepared in alternative solutions. The
transportation engineer’ stask is to choose from a number of proposed alternatives one which represents the '
best solution with respect to the socio-economic, environmental and political constraints and which
simultaneously fulfils all the transportation engineering requirements. The multicriteria evaluation technique
is the tool needed which enables to take all the aspects mentioned into consideration to achieve an optimal
solution. A broad variety of multicriterial evaluation methods exists. Their characters are very different,
varying from highly abstract and sophisticated procedures to quite primitive, pragmatic solutions. The
methodology proposed was verified in all steps by solving a case study of multicriteria evaluation of the
proposed Prague mass transit network for the year 2010. Six alternatives of Metro network were chosen from
more than 20 preliminary proposals for further more detailed processing. Each of them represented a certain
group of preliminary proposals. Their mutual differences were large enough to secure a positive effect to the
verification of the proposed evaluation methodology itself. The proposed multicriterial evaluation process
consists of the five stages described in the following paragraphs.

1. FORMULATIN OF THE PROBLEM

The problem formulation is the first crucial part of the procedure. The problem has to be formulated
so as to avoid ambiguities. By this, any subsequent misunderstandings are avoided which might cause
emphasizing irrdevant answers. The definition of the goals of evaluation is closdy connected with the
formulation of the prablem. It represents the base for criteria set creation and composition. In practice it
means that it is necessary to clearly define for each particular case which needs or functions have to be
guaranteed by the assessed alternatives.

2. THE DEVELOPMENT OF THE CRITERIA SET

The main requirement is that the criteria set has to fulfil the whole spectrum of goals. Then it is
restructured according to the principal aspects. Formulation which could concentrate, in one criterion,
incongruous or contradicting aspects must be avoided.
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It is recommended to formulate rather larger number of criteria and later to diminate them, if
necessary. In the case of a transportation system evaluation the set of criteria should cover the three main
aspects: the system users point of view, the operators (operational technology, economics, the use of
capacity) and the impact on environment and community as a whole. A correct balance of criteria set plays a
very important role. Each criterion should have but one meaning, be unambiguous, computable, the units
and/or the scale of measurements clearly specified and overlapping or duplicity avoided. The set of criteria
arranged hierarchically in to a tree represents a considerable help for the decision maker, namely in the stage
of the criteria weights assessment. When the tree is being designed, the aspect of logical connection of criteria
is of high importance. The goal of evaluation is identical with the hierarchically highest criterion, is
represented by the top of the tree and establishes its zero level. The criteria originated by the disintegration of
this hierarchically highest criterion create the first level of the tree. Generally the k-th level of the tree is
created by theintegration of criteria originated by disintegration of (k-1)-th level of thetree. On the top of the
tree there are mostly the qualitative criteria. Way down the criteria become more specific which makes
possible to express them quantitatively. The fulfillment of criteria at a higher level of hierarchy is only
possible through the fulfillment of the lower level criteria

3. WORKING OUT OF THE ALTERNATIVE SOLUTIONS
The stage of working out of alternatives relies almost entirely on the creative ability of the engineer
and his grasp of the problem being solved. This stage and the creation of criteria are closely related.

4. THE.EVALUATION OF ALTERNATIEKS AND PREFERENCE ORDER DETERMINATION

4.1 THE ASSESSMENT OF THE IMPORTANCE OF CRITERIABY THEIRWEIGHT RATING

The criteria weights assessment is based on the expert team statement. It is not recommendable to use
too complicated methods mainly because of the time required for ranking. In the work highlighted so called
direct methods of weights assessment had been used, where the knowledge of the consequences of
alternatives to the individual criteria are not required. A short explanation of the methods used follows:

The assignments of points from the selected points scale:
An expert assigns a certain number of points from the selected points scale to each criterion at the
given level according to the importance of each criterion. For easier orientation it is recommendable to
describe the point scale, for

Example: number of points descriptor
1 criterion has nearly no importance
3 criterions is dightly important
5 criterionsis of mean importance
7 criterions is very important
9 criterions is extremely important

Point values 2,4,6,8 could be used for more detailed scaling.

M etfessel's allocation:
The expert has 100 points to distribute between individual 8riteria in each tree level according to their
importance. The advantage of this method when compared with the previous. Oneisits finer scale.

The evaluating scale:

The set of criteria for each tree leve is placed next to the evaluating scale and an expert connects each
criterion to a point of the scale which, according to his opinion, corresponds to itsimportance. The evaluating
scale can be linear or nonlinear in the interval <0; 1>, associated with descriptors defining the start of the
scale and itsincrements.

The comparison of criteriaimportance based on their preference order:
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Theweight rating is performed in two stages:

i/ the preference order of individual criteriain each tree level is set

ii/ the weight rating (non-standardized) follows; all criteria are compared with the least important one which
stays last in the preference order. The expert determines how many times more important is the last but one
criterion in preference order than the last one. This procedure is performed successively for all criteria. The
established coefficients of importance represent the non-standardized weights of criteria.

Some observations on the expert team work:

The assessed tree of criteria was obtained through an expert team work. The rdative 'importance of
individual criteria was expressed by averaged weights and their standard deviations derived from the whole
set of experts assessments. The case study proved that the above methods are not accepted by all experts in
the same way. The opinion of an expert may differ when using different methods. That's why it was
recommended to use at least three of the above methods at once for assessment of the same criteria set. The
reliability of the weights obtained in such away is higher.

When an expert team is to be appointed it is useful to take account of the following aspects influencing the
subjective opinion:

- aperson without a certain amount of professiona enthusiasm will not approach the problem with
proper responsibility; on the other hand, people who are too enthusiastic tend to exaggerate the
significance of their own professional field and they are not prepared for the compromises needed
from the point of view of the solution as a whole. A team composed entirely from personalities of this
kind cannot be expected to reach mutual understanding, even if all are highly qualified professionals

- amotivation should not be forgotten; not necessarily it needs to beamaterial  motivation, very
often the professional pride is sufficient

- Members of the expert team should be able to take a global view of the problem considered and
should represent the related professional fields

- abroad age spectrum among the experts is an advantage

- Where possible, the expert team should be composed of people who reached their Experiences and
knowledge at different schools /posts

- the expert team should be familiar with the problem being evaluated, especidly with the
specifications of proposed alternatives and the set of criteria composition to great detail, the
information given as to the conceptual intentions and local conditions should be of the same details
for everybody

- after the results of criteria assessment have been worked out, the expert team should be assembled
once again and shown the results; the differences in the assessment of individual criteria should be
anayzed and a consensus reached

- the consistency of the team's assessment should have be analyzed by cluster analysis, to find the core
of cluster representing the opinion of the whole expert team as well as the extreme opinions for the
further sensitivity analysis of results.

42 THE METHODS OF THE DETERMINATION OF THE PREFERENCE ORDER OF
ALTERNATIVES:

This is the crucial Point of the decision-making procedure. There are different approaches to the
multicriterial evaluation of aternatives and they differ considerably in relation to the nature of set of
alternatives and set of criteria. When the study of individual methods had been undertaken, the aspects of
practical serviceability were respected. The following have been chosen and used: the basic aternative
method, PATTERN method, a linear partial utility function method and a method of the distance from the
ficticious alternative. A detailed description can be found in [1] and [2].In all methods it is assumed that the
total assessment of alternatives is expressed. as a weighted sum of partial assessments of alternatives
according to the Individual coterie, 1.e. IntheformH =X-vi .hi
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Where n isthe number of criteria

H! is the total assessment of j-th alternative
H; isthe partial assessment of j-th alternative as to thei-th Criterion
m is the number of alternatives

Vi istheweight of thei-th criterion

Then the preference order is determined on the basis of the total assessment of all alternatives.

Simplifications considered:

al the validity of the assumption of mutual criteria independence is not being verified while the total
assessment of alternatives is being worked out

b/ the criteria weights are determined without regard to the knowledge of consequences of alternatives as to
theindividual criteria

c/ the partid utility functions are assumed linear

It must be emphasized that the methods mentioned have different algorithms for calculation of the
partia utility functions. It is therefore advisable to use more than only one method for the preference order
determination. Some weak points of these methods should be mentioned: when the basic alternative method is
used, it is necessary to be well aware of the different ways of calculation of the utility function of the
alternatives having criteria with both increasing and decreasing preferences. The partial utility function for the
criteria with increasing preferences is linear. For criteria with decreasing preferences it is a hyperbola in the
interval <xj, xi> where xi is the best value of consequences of alternatives and xi is the worst value of
consequences of alternatives. Hence an equal increase of contribution is being considered where there are
equal increments of consequences values. While for criteria with decreasing preferences there is the
regressive fall of contribution while the increments of consequences values are equal. Then there could occur
achangein preference order compared with that obtained by other method. The PATTERN method cannot be
used when the extreme values of the consequences of alternatives reach O (division by zero).

As aconclusion it can be said that the choice of a suitable method is closely related to the character of
criteria set. Methods of linear partial utility functions and the distance from the ficticious alternative appear a
broadest usability.

5. SENSITIVITY ANALYSIS

It represents the closing but a very important stage of the multicriterial evaluation technique. One its
task is to find out if the derived preference order of aternatives is sensitive to the criteria weights. It is
verified by providing calculations with unit weights as well as with weights assessed by an expert team. The
other task isto find out if the preference order is dependent on methods used for its establishment. The cause
of possible discrepancies are analyzed showing -the particularities of the criteria set. For the purpose of
sensitivity analysis the extreme opinions of experts determined by means of cluster analysis serve to show
how the preference order could have been influenced when the evaluating aspects differ.

Finally, it should be emphasized that the particular stages of the evaluating procedure may be
repeated by means of backward bond. The process then goes in cycles: definition of goals of evaluation -
development of criteria set -criteria weights assessment - revision of criteria set or goals etc.
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Noise Standardsfor New Railways
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SUMMARY

This paper describes the current situation in the UK relating to the introduction of a noise
insulation standard for new railways. The research leading to the recent recommendation for a standard is
discussed, and the proposed British standard compared with international standards for railway noise.

INTRODUCT'ION

At present there is no national standard governing railway noise in the UK, athough many local
authorities employ their own guidelines on acceptable levels of railway noise. Until very recently no new
railway lines had been opened in this country since 1902, so increased noise due to the presence of a new
railway has not been an issue However, several new urban light rail systems are currently being
developed in towns around the UK, and the British Rail Channel Tunnel high speed rail link is due to
open in afew yearstime With the increased awareness of environmental issues among the general public,
and the realisation that noise is an unnecessary pollutant, the British Government has recognised that a
standard to control noise from new railwaysis a urgent necessity.

Since 1973 road traffic noise in this country has been subject to the Noise Insulation Regulations
which provide sound insulation to dwellings affected by noise due to a new road above a certain noise
level. In 1990 the British Government set up a committee to investigate the possibility of setting a
standard for new railways comparable to that already in existence for new roads.

NOISE INDICES

Ove the years numerous indices have been developed for the purpose of measuring
transportation noise. The following table gives the most common noise indices in current use:
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Index Definition

LAy Thenoiseleve, indB (A), which is exceeded for 10% of the measurement time.

LAg the noiselevel, in dB (A), which is exceeded for 90% of the measurement time,

L Amax the maximum noise level, in dB (A), which occurs during the measurement time.

L Aeq The'average noiselevel, in dB (A), which occurs over a particular period. If several events occur
during the specified period, their level and duration are both accounted for.

ANNOYANCE DUE TO RAILWAY NOISE

The only major study into peopl€'s response to railway noise in the UK was carried out in the

early 1970s by Fields and Walker [1]. They concluded that people were less annoyed by railway noise
than by noise from road traffic, and that the noise index which best correlated with annoyance was the 24
hour LAeq.
Walker [2] has subsequently suggested that a 24 hour LAeq of 70 dB (A) represents the maximum
tolerable level of railway noise. However, at thetime of the survey no new railways had been built in this
country since 1902, so it inevitably concerned only noise from existing railways. Indeed all the people
guestioned can be assumed to have either lived near a railway all their lives, or to have moved to their
current home in the knowledge that there was a rallway nearby. Recent research by the author and
colleagues [3, 4, 5] has shown that community response to a hoise from a new railway is very different.

The new railways due to be built in this country are either light rail systems or high speed
railways. Research has been carried out in this country and elsewhere to try to determine the likely
community response to noise from both types of railway.

The only new railway to be opened in this country in the last 90 years is the Docklands Light
Railway (DLR) in London. As soon as it opened there were many complaints about noise, and detailed
investigations into the sources of the noise and the reasons for the annoyance have been carried out by
Shield et al [6, 7]. They found that annoyance is caused at very much lower levels than suggested
elsewhere for railway noise, and cite various reasons why this may be so. In the case of the DLR for
example, the railway passes very close to dwellings, with stations and track sometimes being only a few
metres from bedroom and living room windows. The noise disturbance to residents in such dwellings is
obviously very great. The character of the noise of the DLR is very different to that of traditional British
Rail trains. In some areas where the track is supported by lightweight steel and concrete structures, high
levels of low frequency noise are occurring. This 'rumbling, thunder like€ noise causes considerable
distress to people living nears the viaducts, keeping them awake at night, waking them early in the
morning, and causing general disturbance. Another feature of light rail
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Isthat thetrains run very frequently, and so it could be argued that alight rail system is more akin
to aroad than to arailway, and that a noise level standard similar to that for new roads should apply.

At present high speed trains operate in France and Japan. Surveys of public response to the noise
from high speed trains have been carried out in both countries[8, 9, 10], and it has been found necessary,
owing to adverse public reaction, to introduce noise standards specifically for these trains.

INTERNATIONAL STANDARDSFOR RAILWAY NOISE

In addition to the standards mentioned above for high speed trains many other countries already
have standards for railway noise. Some examples are shown in the table below. The limit represents either
the level at which no new housing is allowed (*), the level at which sound insulation is provided to
affected dwellings (#) or atarget level for new lines (+).

Country Noise I ndex Limit dB(A)

Denamrk LAeq (24 hour) 60*
LAma 85*

France(TGV) LAeq (day) (0800-2000) |65 or 70+ (depending on

background level)

Germany LAeq (day) 59*
(night) 49*
Netherlands LAeq (day) 60*
(evening) 55*
(night) 50*
Japan (Shinkansen) | LAmax 70*

THE CURRENT SITUATION IN THE UK

In January 1988 British Rail stated that they would provide sound insulation to dwellings along
the route of the Channel Tunnedl high speed link when the sound level exceeded a 24 hour LAeq of 70
dB(A). Thisfigure was based on the recommendations of Walker [2].

In order to build a new railway in the UK the promoters have to obtain permission through an Act
of Parliament. The proposal is examined in detail by committees of members of both the House of
Commons and House of Lords. In March 1988 a House of Lords committee considered a Bill for an
extension of the Docklands Light Railway. Strong representation was made to the committee on the
problems of noise affecting the local community [11], and during the passage of the Bill the DLR offered
to provide sound insulation to dwellings affected by noise levels greater than 70
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dB (A) 24 hour LAeq due to the extension. The author argued before the Committee that because of the
differences in response between new railways and existing railways the appropriate level was 65 dB (A).
In addition, the author argued for the incluson of a maximum permitted level, to prevent disturbance
particularly at night. The committee amended the Bill to include a clause requiring that sound insulation
should be provided when the 24 hour LAeq due to the extension exceeds 65 dB (A) [12]. This was a
major breakthrough in the history of railway noise, being the first time that any reference to noise had
been included in a railway bill, and set a precedent for any future railways to be built in this country.
Furthermore, the needs of the local community were recognised, in that the level for sound insulation
chosen be the House of Lords was that requested by the local community, rather than the 5 dB (A) higher
limit desired by the DLR.

Following the passing of this Bill the Government set up a committee to recommend a national noise
insulation standard for new railway lines. The committee considered all the available research, reating to
railway noise and annoyance, and standards used in other countries. The committee reported in March
1991 [13] and recommended that, in the case of new railways, sound insulation should be provided to
dwellings where the 24 hour LAeq exceeds 66 dB (A), or the night time (2300 to 0700 hours) LAeq
exceeds 61 dB(A). The committee also recommended that the maximum sound level due to a train
passing should be considered. It suggested that homes exposed to a maximum sound level of 85 dB (A)
LAmax or more should also be provided with sound insulation.

CONCLUSIONS

It seems likely that a standard for railway noise will be introduced in the UK in the near future.
Thiswill bring the UK into line with the many countries throughout the world which already have such a
standard, although there is considerabl e variation among those countries both in the unit used to assess the
noise and the limits set. The introduction of a railway noise standard, following other recent
environmental legislation in the UK, will provide further evidence of recognition by the Government of
the need for protection of the environment, and the contribution, previously overlooked, of railways to
environmental noise.
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A Brief History of theMidlandsMotor Industry
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Summary

This paper covers the history of the British automotive Industry in the Midlands from 1869, with
the manufacture of two-wheeled, human-powered transport, to present day motor cars, focusing on Rover
Group with itslocations in Coventry, Birmingham and Oxford.

* k k x %

Most people now acknowledge that the British motor industry started in Coventry. Building
motor cars can be seen as a logical progression from producing motor bikes, and motor bikes from
bicycles. Less logical, however, is the progression from sewing machines to bicycles that the Starley
family's company madein 1869.

The roots of the British car industry go back to the 1850 s when two mechanical engineering
entrepreneurs, Josiah Turner and James Starley, set up the Coventry Sewing Machine Company. Coventry
was chosen as the ideal site for the company as at this time its traditional industries of watch-making and
ribbon weaving were in serious decline due to foreign competition, adverse trade tariffs and strikes.

This meant that there was a large pool of unemployed, skilled labour available and factory
premises were cheap. Additionally there was a well established industrial culture in the area and good
transportation links through road, rail and canal, around the country.

In 1869, the Starley family became interested in 'Velocipedes' after a nephew returned from Paris
on one, and started producing' Boneshakers', as they became known in Britain. Within a few years they
also started producing 'Compresses Ordinaries, commonly known as the Penny Farthing. In 1885 the first
Starley 'safety | bicycle was produced, called a 'Rover' - the name symboalising that. the tricycle could
wonder, or rove, around the countryside.

The Rover Cycle Company Ltd was set up by, John Starley in 1896, and produced 11,000 cycles
in its first year for the late-Victorian cycling craze. six years Inter the first Rover motor cycle appeared
followed two years later, in 1904 by the first Rover motor car known as the Rover 8(8 h.p.).The decision,
by Rover, to start production of motorised vehicles was only taken when Britain' s foundling motor car
industry was beginning to show signs of stability aided by changes in legidation. (Until 1896 the
Locomoatives on the Highways Act' permitted automobiles to travel at a maximum speed of 4
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M.P.H. in the country and 2 m.p.h. in towns, this was then amended to 14 m.p.h) .

By the turn of the century there were many motor car manufacturers using the decline in the cycle
industry to provide labour and machinery in and around Birmingham and Coventry. In Birmingham there
was the Wolseley Tool and motor Car Company, set up by Frederick Wolseley and Herbert Austin as a
develop rent of Wolseley Sheep Shearing Company; Frederick Lanchester producing up-market,
experimental cars under the Lanchester badge; and the Birmingham Small arms Company (B.S.A)) who
manufactured cars from 1906, motorcycles from 1910 and took over Daimler in 1912. Herbert Austin
later left Wolseley to set up on his own and paid £10,000 for a disused factory site at Longbridge in
Birmingham and started producing vehicles in 1905, under his own name,

Coventry's main companies were the British motor Syndicace, which became the Daimler t'10tor
Company through buying the rights to make the Daimler engine in uritain; Riley motors, a family owned
company who started production in 1898; Humber Ltd., which at that time had the largest factory in the
motor industry worldwide at number Road, Coventry and in 1906 produced 1,000 cars to put the firm at
the top of the British production league; Singer (from Singer Sewing machines) and Rover.

The other area in the Midlands that must not be forgotten in the context of the car industry is
Oxford. William Morris, at the age of 16, set up a bicycle repair business in a building at the rear of his
parent’ s house in Cowley, near Oxford, as a way of supporting his family when his father became ill. By
1902 the business had expanded to manufacturing bicycles and also selling cars. In 1910 he opened a car
repair facility called 'The Morris Garageé and two years later set up W.R.M Motors Ltd. which bought
components from companies in Birmingham and Coventry and assembled the vehiclesin Cowley. Morris
had hoped to have his car ready for the 1912 motor Show but the engine had not been completed in time.
It was only later that he heard the truth: a freelance draughtsman had accidentally drawn the unit half-size
and the finished block had been cast looking more like a motor cycle unit than a car engine!

The First World War brought about many major changes, not least to the car industry. Many
soldiers were trained to drive and so become used to the mobility of a car. Most factories became
involved in war work and were fitted with the latest machine tools while also dramatically improving
efficiency. Americas neutrality allowed shipment of Ford motor cars into Britain unhindered, and
legislation was passed - known as the McKenna Duty to charge a 33 1/3% tax on all imported cars from
1915, which stayed in Force until 1967. During the immediate post-war period, 1919 to 1925, 86 motor
manufacturers were set up but by 1929 only 41 manufacturers in total, survived and of these, three
(Morris, Austin and Singer) accounted for 75% of production.

Morris concentrated on mass production of smaller vehicles for the working ¢ lasses and looking
ahead he said "Until the worker goes to the factory by car, | shall not believe that we have touched more
than a fringe of the home market". This philosophy helped keep the company afloat when many others
failed through the slump of the 1930's. Bentley was bought by Halls Royce, Daimler took over-
Lanchester, Morris bought many o[ his component supply companies and also Riley and Wolsdey, Singer
bought B.S.A's largest factory and Rootes (distributors turned manufacturers) took over llillman and
Humber (both Coventry based) and five years later Talbot and Sunbeam.
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In 1935 the Air ministry announced the likelihood of a war with Germany and began making
arranger rents with the motor industry to produce Aero-engines. The idea was to build 'Shadow Factories
- copies of the original financed by the Government but managed by the motor companies. The first
generation of factories adjoined the car companies own works in Coventry - Daimler shadow at Radford
(currently Jaguar Cars engine plant), Rootes shadow at Stoke, Standard shadow at Conley (currently
Rover's design and development facility),only the Rover shadow was out of town at A cocks Green,
Birmingham, 20 miles away, which until recently still be longed to Rover. As war loaned, requirements
were increased and a second generation of factories was built further out in view of the risk of bombing -
Daimler's second shadow at Browns Lane, Alledey, (now Jaguars main assembly plant), Rootes factory
was on a 60 acre site at Ryton (currently Peugeot — Talbot' s assembly plant), Rover's factory, which
become operational in January 1940, was, 16 miles away at Lode Lane, solihull (now the Land Rover
factory). The motor industry made good use of these spacious factories in the post war years when the
climate was set for growth, exports and expansion. British car production doubled between 1949 and
1957. In 1950, no less than 66% of cars built in Britain were exported, the highest ever percentage
attained by the industry.

Rover's Coventry factory was damaged in the war and they moved entirely to Solihull, with the
idea of letting out a portion of the huge site. The Land Rover was announced in 1948 and in 1949 its
production overtook car output and the 1 million square feet site was completely utilised with the new
production line.

Triumph and Standard merged in 1946 and began making tractor engines for Ferguson. In 1947
they built 47,000 tractors and 37,000 cars and turned over the Banner Lane, Coventry factory entirely to
tractors (it is now r, Massey Ferguson s main sitein Coventry, still producing tractors).

In 952 Austin and Morris combined to form the British Motor Corporation (B.N.C), the fourth largest car
company in the world outside the American 'Big Three of General Motors, Ford and Chrydler. It
produced 236,000 cars in its first year representing 39% of British car production. At this stage it had 5
marques: Austin, MG, Morris, Riley and Wolsdley and in 1953 bought out Austin Healey, and was
producing no fewer than fourteen models and a total of nine engines.

The 1960 s saw a series of mergers. Jaguar took over Daimler, and the following year Standard-
Triumph was bought by the Leyland Commercial Vehicle Company. 1966 saw B.M.C. merge with
Jaguar, as a lack of forward planning saw profits fall, and subsequently in 1968 it was taken over by the
Leyland Motor Corporation (B.L.M.C). Imports gathered momentum as tariffs dropped and labour
troubles plagued the industry, with over 8 million hourslost through disputes in 1965. The most important
event of these years was the launch of the Mini in 1959 which is till going strong today with over 5
million Minis having been built and many copies produced around the world. Lord Ryder was appointed
by the Government to put together a plan to ensure the survival of British Leyland, or as much of it as
could be rescued. His report was published in 1975 and recommended that the Government should inject
huge and regular amounts of capital into the company which would ensure that they had a controlling
share of the business’

Over the seven years to 1975, B.L.M.C's market share fell from 40% to 30%. The British motor

industry dlipped from third place in the European production league to fifth having been overtaken by
Italy and Spain, and now imports stand at well. Over 509; of the UK market.
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The Ryder Report recommended that all the car makers in the group were to be joined together,
with the single exception of Jaguar, as Leyland Cars. They were to reduce the range of vehicles to five
basic saloon car shells - three as Austin-Morris, one as .Jaguar and one (dlightly smaller and less
expensive than Jaguar) as Rover. In October 1977 the current BL Chairman, Sir Richard Dobson, was
forced out of office after a scandal and it is generally recognised that the company’ s public standing and
the morale of its workers was at the lowest ebb of all time. Following this Michael Edwards was given
"carte blanche' to produce a surviva plan with full financial backing. We reduced manufacturing plants
from 8 to 3 and rationalised the range of vehicles available, killing off the marques of Triumph, MG and
Morris. The last vehicle budged as Triumph was the British version of the Honda Ballade, known as the
Triumph Acclaim, which heralded the joint ventures between Honda and In..

In 1982 it became known that a second joint project, the "X X." model was under way. This wasto
be a fast and luxuriously-trimmed executive car and BL and Honda were to each make their own version
of the design. This would allow Honda to make alarge car, for thefirst time in its history, and the Rover
800 came to production in an amazingly short time. The name British Leyland was dropped in favour of a
new title - Rover Group. Graham Day was appointed by the Government as Chairman and given the brief
to make the core functions of too group profitable and seeit all privatised again.

In the mid and late 1980 s the company was rarely out of the news due to talk of buyouts and
mergers. Ford made a bid for Austin Rover (the volume car division) and were re-buffed, general motors
wanted to buy Land- Rover Ltd, a management buy-out plan for Leyland vehiclesfailed and it was sold to
DAF of Holland. Then in March 1988 British Aerospace announced its interest in taking over the group.
The Government sold its 99.8% share holding in Rover Group to BAF. Who in turn agreed not to sell, or
close down, any parts of the company within 5 years? In a post-sale announcement Graham Day stated
that: "The two groups are complementary and not competitive. The new alliance with British Aeraspace
presents us a 1.1 with an exciting opportunity. Let us all make the most of it'.

Currently Rover Group has an annual turnover in excess of £3 billion and produces around half a
million cars a year from Long bridge in Birmingham and Cowley in Oxford and has shown the recent
trend for rising profits, which hopefully signifies a resurgence in the car industry, Rover and the
midlands. Today the British motor Industry is much more streamlined and efficient, QUALITY is the
keyword on everyone's lips, and the future looks bright. The survival of the lean years has honed the
business and manufacturing skills needed to ensure they arc competitive in what is increasingly a world
market.
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TR6

The Integrated Road Transport Environment
Christiane Bielefeldt

TheMV A consultancy, Waking, U. K.

Transport plays a very important role in the European economy, but traffic problems are
enormous: 55,000 people killed on European roads every year, total loss through congestion and detours
more than £300 billion and costs through pollution more than £5 billion per year. Worse till: problems
are till increasing in Europe as in other parts of the world.

Traditional means, such as increased road construction, can only help to a very limited
extent, and therefore major research efforts are going into new technologies based on informatics and
telecommunication: IVHS in America, VICS/RACS/ANTICS in Japan, and PROMETHEUS and DRIVE
in Europe. Main focus here is not only the development of isolated systems for different applications, but
in particular their integration in an, Integrated Road Transport Environment.

See page 54TR for complete text
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TR6
The Integrated Road Transport Environment

Christiane Bielefeldt
The MVA consultancy, Waking, U.K.
SUMMARY

Inview of the traffic problems now prevalent in many areas of the world, major research effort is
going into new technologies based on informatics and telecommunication: IVHS in America,
VICS/IRACS/ AMTICS in Japan, and PROMETHEUS and DRIVE in Europe, al focusing on the
development of an Integrated Road Transport Environment.

FACING THE PROBLEMS

Transport plays a central rolein the economy of Europe, but traffic problems are enormous. Some
55.000 people are killed on European roads every year, 1.7 million are injured, and 150,000 are
permanently handicapped. The total loss through congestion and detours is estimated to be more than £
300 hillion, and the costs of pollution more than £ 5 billion per year.

Worse still: the performances of our transport systems continue to deteriorate both in Europe and
in other parts of the world. In Europe, the number of car registrations is still increasing annually by 6 %,
the vehicle miles driven by 5 %, and in spite of all efforts to improve traffic safety the number of
accidents isincreasing by 3 %. At the sametime, the road network is growing only by 0.01 %.

SEARCHING FOR A SOLUTION

Facing this situation, major research effort is going into the development of new technologies
throughout the world. Innovations and cost reductions in information technology, telecommunications
and broadcasting offer both new opportunities and potentially effective solutions to many of the current
traffic problems. Integrated to provide advanced communications, control and information systems, they
enable not only new, more flexible and responsive forms of traffic management but also supply users with
improved means for trip planning, modal choice, route guidance and vehicle fleet utilisation.

USA
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In the United States and elsewhere, the development of versatile advanced traffic control and
management systems has been ongoing for a number of years. Schemes ahve often been successful in
their limited application, but have been widely uncoordinated. It was in 1986 on the Conference on
Technology Options for the Future held in Sacramento by the California Department of Transportation
that theidea for a unified national programme took off.

The group "Mobility 2000" was formed, based on cooperation between government, academic
and industry representatives. The group developed scenarios for the development and implementation
of Intelligent Vehicle Highway Systems (IVHS) which paved the way for a new generation of systems
to come.

IVHS America is now the name of a public/private organisation which was formed in 1990 to
coordinate 1VHS activities. It is a non-profit educational and scientific organisation that aims at
providing a focal point for discussion and coordination of 1VHS goals and at developing a strategic
plan for achieving them. Moreover, it is intended to be a clearing-house for 1VHS data and information.

One major issue that will be tackled by IVHS America is the development of a common IVHS
systems architecture to enable integrated IVHS systems. Of particular interest is the distribution of
functions and intelligence between vehicles and infrastructure, asthe installation of infrastructure based
systems depends normally on the cooperation of public administrations (if not as system operators and
data providers then at least as authorizing bodies), while purely in-vehicle based systems can be
developed by industry on its own account.

Also from a European point of view it will be extremely interesting to observe the further
development in these and related IVHS America discussions.

JAPAN

The technical development of IVHS (or RTI, meaning Road Transport Informatics, as it is
called in Europe) started in Japan with the CACS project for driver information nearly a decade ago.
Although the CACS field test was technically successful, CACS never progressed to full system
implementation. Thiswas to a large extent dueto the fact that CACS, like other systems such as ALl in
Germany, was too much ahead of and, at that time, too expensivefor its potential market.

After CACS, RACS (Road and Automobile Communication System) and AMTICS (Vehicle
Information and Communication System) emerged. Both systems aim at improved driver information,
and both use nearly identical in-car equipment which includes CD based storage of a digital map, dead-
reckoning with map-matching for identifying the current position of a car in the road network, and a
map display. While the functions of both systems are the same, they are differ mainly in regard to their
communications: RACS uses microwave beacons and AMTICS a cellular-like mobile radio system for
business data communications on teleterminals. Moreover, they are coordinated and promoted by
different organisations: RACS by the Highway Industry Development Organisation and AMTICS by
the Japan Traffic Management Technology Organisation.
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A reconciliation was needed. VICS (Vehicle Information and Communication System) is the
attempt to coordinate RACS and AMTICS by consolidating traffic information for roads under the control
of the different public agencies.However, if you talk to representatives of RACS or AMTICS, you will
so far ill hear that both projects believe that they can continue their work without major modifications.

EUREKA

In Europe, the need for coordinated development of Integrated Systems was also recognized
several years ago. European problems are even more complex than those of the US or Japan, asin Europe
not only interindustrial and interdisciplinary but also international cooperation is required.

One R& D programme launched at a summit of European ministers was the EUREK A programme
which provides the umbrella for a number of projects some of which are traffic related, including the
French CARMINAT project for the development of integrated driver information systems, and
DEMETER for the development of standards for digital maps which are essential for many driver
information systems.

Certainly the most important of the EUREKA traffic projects is PROMETHEUS (Programme for
European Traffic with Highest Efficiency and Unprecedented Safety). The title makes clear that this
project (or programme) is very ambitious. It was initiated by the European car manufacturers and
comprises a number of subprogrammes such as:

- PRO-CAR: in-vehicle systems, based on sensors, to keep cars in lane and to avoid collision with
other vehicles or any obstacles on the road,

- PRO-NET : driver assistance and collision avoidance systems based on the development of a
network of direct communication between in-vehicle computers of neighbouring vehicles,

- PRO-ROAD: driver assistance based on communication between the in-vehicle computer and the
infrastructure.

Finally, PRO-GEN endeavours to evaluate the system components and more importantly, it looks
at the possibilities for the integration of these components and for their integrated use in urban and
interurban road traffic.

DRIVE

The last programme to be mentioned, but certainly not the least important, is the DRIVE
programme. DRIVE (DedicatedRoad Infrastructure for Vehicle safety in Europe) is a Research &
Development programme for RTI set up by the Commission of the European Communities in 1988 with
an overall volume of 80 Mio £ DRIVE aims a improving road safety, maximizing road transport
efficiency and contributing to environmental improvements.

The programme comprises 72 projects which are divided into four groups:
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1. Geneaa approach and moddling (comprising also systems  evaluation, and systems
implementation aspects)

2. Behavioural aspects and traffic safety

3. Traffic control

4. Services, telecommunications and databases.

One of the focal points in the DRIVE research is the development of driver information systems
which are based on the communication between "intelligent" vehicles and the road infrastructure.

DRIVE will befinalized by the end of this year but, in the meantime, plans for a follow-up programme
are going ahead. Asthis new programme has not yet found its name, it is normally referred to as DRIVE
I1. DRIVE Il deals with R&D in ATT, a new term that stands for Advanced Road Transport Telemetric
(but meaning nothing else than RTI or IVHS).

The Community contribution to DRIVE 11 will be 80 Mio £, but as DRIVE Il only finances up to
50% of the overall effort, the total volume will be more than 200 Mio £. DRIVE will focus on pilot
projectsin thefollowing 7 aress:

- Demand Management

- Travel and Traffic Information

- Integrated Urban Traffic Management

- Integrated Interurban Traffic Management
- Driver Assistance and Cooperative Driving
- Freight and Fleet Transport

- Public Transport.

In other words, DRIVE Il looks at a complete range of road transport and traffic control
systems. Test sites will be found throughout Europe, both in cities and in major interurban and even
international corridors. Thelikely starting date for DRIVE Il is January 1992.

SYSTEMSINTEGRATION

All of the R& D programmes mentioned above are trying to some extent to develop integrated
systems, but for IVHS and DRIVE this isa main focus. DRIVE in particular envisages what it callsthe
IRTE, the Integrated Road Transport Environment. This means not only that the different DRIVE
projects have to work together, but also that cooperation with the EUREKA projects is needed, in
particular with PROMETHEUS. This collaboration is underway and has already brought European
researchers with different backgrounds closer together.

It is therefore more than just a scenario that in ten years time a driver might start a trip in the
city of Birmingham, cross the Channel, travel through France and Spain to Portugal and, while trying
to find his hotel in Lisbon, continues to receive route guidance advice and traffic information in his
own English language by the same in-car equipment and via the same communications technique,
while using one single Smart Card for all road toll and similar payments throughout the trip.
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TR7

The Work of the Traffic Management SystemsWorking Party

Mrs. Susan Harvey
National Economic Development Office, London, England

Traffic congestion is choking London and other cities. The number of cars on Britain's roads is
projected to increase from 21 million in 1989 to 27 million in the year 2000. The National Economic
Development Council’ s Traffic Management Systems Working Party was set up by NEDO** in January
1990. The Working Party has a life of fifteen months and its aim is to identify ways in which action can
be taken to achieve a reduction in urban congestion over the next five to seven years. It is using London
asamodel, but hopes that any solutions that it recommends can be applied to other cities.

Since the brief of the Working Party; is to concentrate on short term solutions, this precludes the
recommendation of any new substantial capital investment such as new roads or underground lines. The
group is concentrating its work into four areas. Economics, Public Transport, Regulatory Matters and
Technology. Within each of these areas various solutions such as congestion charging, taxing company
owned parking spaces, priority buses and changes in the handling of parking offences are being studied.
The package concept is necessary because, for example, public acceptance of congestion charging will
not be achieved without the assurance that the revenue collected will be applied to improving public
transport services.

The Working Party will report to the National Economic Development Council in October 1991.
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TR8
The Rural Accessand Minor Roads Programmesin Kenya

Rosemary Wanjiku Kung'u
Sapamo Consultants, Nairobi, Kenya
INTRODUCTION

The Kenya Government has succeeded in providing all-weather roads in rural areas by using low-
cost labour intensive construction methods. This success has been enhanced by involving the local people
in choosing the roads, constructing and maintaining them through the Rural Access and Minor Roads
Programmes.

GENERAL

Transportation, particularly the availability of all-weather roads, has perceived as an important
component of rural development in terms of stimulating local development in agriculture and industry,
marketing agricultural commodities, expanding trade, enhancing tourism, providing access to socia
services and generally serving to integrate the rural population into the overall economy.

In developing countries, it is in the rural areas that about 90% of the population lives and
agriculture is their mainstay. The development of their agricultural activities and welfare therefore depend
heavily on the availability of all-weather road access.

THE RURAL ACCESS ROADS PROGRAMME

With a large part of the existing rural road network still consisting of footpaths and tracks that
were only suitable for an occassional four-wheel drive vehicle or animal drawn carts, the Kenya
Government in 1974 formulated the Kenya Rural Access Roads Programme (RARP) and the actual
implementation got underway in 1975.

The heavy investment in road construction in developing countries for the past thirty years or so
has been used for the acquisition and operation of equipment. Most road projects in developing countries
have therefore been and continue to be constructed using equipment-based techniques. However, the lack
of spare parts and the reliance on petrol and diesel are major limitations. The result is that equipment-
based construction methods are a major burden on the limited foreign exchange reserves of these
countries since major inputs in this technology have to be imported and paid for in foreign exchange. For
this reason, the Rural Access Roads Programme was implemented using labour intensive road
construction technology.
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Due to the lack of previous experience in labour intensive road construction, it was felt that this
should betried on the lowest class of roads and hence the final choice of the farm rural access roads.

Proposals for the roads to be constructed originate from the local people. These are discussed and
the selection made by the District Development Committee, which is a project planning and
implementing committee, using set guidelines issued by the Ministry of Public Works RARP section.

The selected 'roads, which should be unclassified and connected to classified roads of all-weather
standard, should provide access to areas of high agricultural potential, serve areas where other
development programmes are either on-going or planned, and serve markets and social services facilities.

The programme is managed at three levels, Headquarters, Regiona and District level. The
Headquarters is responsible for the overall co-ordination, planning and monitoring of the programme in
the country. At the Regional level, the Regional coordinators, each in charge of several districts, monitor
and co-ordinate the work of the engineers, inspect the on-going construction and form the link between
the headquarters and field staff. At the District level, there may be two or three construction units under
an engineer or field supervisor. The engineer or field supervisor is responsible for the financial
administration, planning, approval of alignments, procurement, preparation of monthly work and financial
progress reports, design of culverts, and organization of efficient maintenance of the roads.

Each construction unit is placed under an Inspector and consists of two earth road construction
sites, one gravelling site and one culverts site, each of which is supervised by a Foreman. The Inspector
and Foreman go for training in labour intensive road construction, gravelling and mai ntenance techniques
at a labour intensive Training School at Kisii in Kenya. This school has become an international school
with personnel being trained from neighbouring countries.

Each unit is supplied with equipment for supervision, transporting of materials and for gravelling.
This equipment comprises of two Land Rovers, one seven ton truck, six tractors and eight trailers. For
proper maintenance of this equipment, each unit has a workshop with skilled mechanics and supporting
staff.

The programme being labour intensive, hand tools are extensively used and their quality is very
important. Hence, Standard Specifications have been developed on which tools procured for the
programme are based.

To avoid land compensation and major realignments, access roads are constructed following the
existing alignment. The horizontal and vertical geometric standards are not considered critical since speed
on these roads is expected to be about 40 kph.

The construction of rural access roads is carried out in two stages. First the road is constructed
to earth standards, and after use by traffic for some time, is graveled in order to provide all-weather
access.

Gravelling is the most equipment intensive activity of the programme. It includes excavation,
loading and unloading of the gravel, which is carried out manually, and the hauling of the gravel, which is
done with a tractor-trailer combination.

Drainage is a very important consideration in the construction and subsequent maintenance of all
classes of road pavements. Apart from the provision of
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Sufficient camber so that water is quickly shed from the surface to the side drains, other drainage
facilities include mitre drains, cut-off drains, scour checks, culverts and drifts.

For maintenance, the road is divided into sections of between 0.5 and 1 km, | depending on the terrain,
soil type and traffic. A reliable former construction worker living close to the section is contracted to
carry out the maintenance and is provided with essential tools. He/she works three days a week and is
Paid once a month provided hig’her section has been satisfactorily maintained. The supervision of the
maintenance is provided by an Inspector for every 300 contractors, assisted by a Foreman for every 100
contractors. The Inspector is provided with a Land Rover while the Foreman is provided with a
motorcycle, for their supervision duties.

IMPACT OF RARP

Some of the positive consegquences of the RARP are:

Where the programme is in operation, fewer than 5% of the centres are more than one kilometre
from an access.

Seasonal unemployment and underemployment have been aleviated.

Small scale industries have been stimulated.

Farm incomes have increased and standards of living have improved.

The grassroots participation in the planning, construction and maintenance has helped to create
skilled supervisory and other personnel who can be utilised effectively on other road and civil
works programmes.

By constructing all-weather roads at lower costs, it has saved the scarce local currency which can
be deployed in other development programmes.

Due to its innovative nature, the programme has attracted external assistance. Apart from the
Kenya Government, the programme has been financed by the World Bank, the I.L.O. and
bilateral aid from Britain, Norway, Denmark, Canada, Netherlands, Switzerland, and the U.S.A.
to mention some.

The success of the RARP encouraged the Ministry of Public Works to extend the techniques and
experience got from its implementation to the improvement of the Minor Roads which are higher in
classification and have moretraffic. The whole programme is now known as the Minor Roads Programme
(MRP).

Several African countries have shown interest in labour intensive technology used in the
improvement of Kenyan roads and the programme has been visited by engineers from Sudan, Tanzania,
Malawi and Zimbabwe, to mention just afew.

WOMEN'S PARTICIPATION

Women's participation in the RARP and MRP was initially very low. A 1988 study showed that
women constituted only 16.7% of the labour force. Even when they did participate, there was a tendency
to restrict them to tasks categorised as less arduous. This restriction emanated from the belief that they are
physically weak and cannot cope with road work. This belief contradicted womeri sreality because they
have from traditional times been responsible for laborious tasks within the community such as cultivation,
collecting firewood, and fetching water.
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In 1989 further studies were carried out and a Plan of Action was formulated. Some of the proposals
contained in this Plan of Action to increase the participation of women were:

To make 1nformation about the jobs available to them.

The place of recruitment to be the proposed road site or Foreman's camp.
The method of recruitment to be by secret ballot.

At least 25% of the inspectors training places to be reserved for women.

By November 1990 the number of women in the programme had increased and accounted for 19% of
the labour force on the average nationally and was as high as 40% in two districts.

CONCLUSION

The Rural Access Roads Programme and the Minor Roads Programme have had tremendous
impact in the rural areas of Kenya. Many previously inaccessible areas are now accessible. The local
people, being involved in the selection of the roads, their construction and maintenance, identify fully
with the programmes and this has enhanced their success. From a few digtricts, the programmes have
extended to thirty one of the forty two districts in Kenya and are intended to extend to the whole country
in the long run.
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TR9

I nfluences on Planning a New Model in the M otor Industry

Anne Y oungson
Rover Group, Coventry, U.K.

SUMMARY

In designing a mode to reach the market in four to five years time, there will be pressures to
incorporate the best of the developments which have occurred or are foreseen in product technology. The
needs of tomorrow's customers must be the main focus for selecting which technologies to chose.
Interpreting these correctly could lead to radical shifts in emphass, for example away from high speed
performance, towards fuel economy.

INTRODUCTION

The cornerstone of success in a manufacturing industry is the products produced, and how well
these balance the business needs of the company and the needs - emotional, practical, and financial - of
the consumer who buys them. Any company in any industry needs to be sure its plans reflect its
capabilities and aspirations; broadly speaking that it has the funds and the resource to design products
which yield a profit. This is the overall challenge which involves the need to be clever and crestive in
business terms. Once this planning phase is complete, however, and the broad product objectives are set,
thereis a further challenge in designing into those products the technologies which will match customers
requirements and maintain a competitive base for the future. This paper discusses what should influence
the sdection of the appropriate technologies for a new passenger car.

TARGETS

The motor industry can be regarded as being rdatively mature, with al the fundamental
technological breakthroughs already achieved. Nevertheless there are a wide range of new or existing
ideas which could be selected by a motor manufacturer to achieve different aims. There are six major
areas in which a manufacturer could be looking to gain improvements, as illustrated in Figure 1.

The first judgment to make is which, if any, of these aims does a proposed new technology
address. It is easy to fall into the trap of slavishly copying ideas introduced by competitors or to allow the
appeal of clever engineering to override business aims. Figure 2 shows that, outside the motor industry,
there are numerous product fields where a technology level has been established which bears little
relation to the customers' needs.

Asthe examples used in Figure 1 demonstrate, many of the best ideas achieve more than one aim.
The lean bum engine technologies developed in the 1980's and epitomized in the Rover K Series engine
reduced emission levels, ahead of legislation, in recognition of the direction in which European standards
and customer expectations were moving. It also improved fuel economy without a sacrifice in
performance. Multiplex wiring systems, which centralise the electrical functions and relay the signals
down a single wire to units controlling individual functions, are under development for automobile
applications. These have both a cost and ardiability advantage, through a reduced number of parts.
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FIGURE 1: TARGETS
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FIGURE 2: TECHNOLOGICAL REDUNDANCY

% of teapandants - How many of the following features do you use ?
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Source - Henley Centre PSC Survey 1990

On the other hand, it is not always, indeed israrely, possible to achieve an improvement in one
aspect of a car's deign without adversdy impacting on ancther. Thereistension, for example, between the
provision of better safety and the need to minimise costs to achieve a competitive price. Some aspects of
vehicle performance, typically greater speed and fuel economy, tend to involve a compromise on one to

improve the other.

It would never be possible to incorporate all new ideas at areasonable cost, and it would in any
event be inappropriate to do so. In order to plan, judgments need to be made and priorities set.

PRIORITIES

It would be easy to assume that planning a new model to incorporate technol ogies which would deliver:

Legislative requirements

Feature and performance levels competitive with other vehicles in the same market sector

Best design principles
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Would be sufficient for success. The pitfallsin this assumption are the failure to take into account:

- Future legidative/government pressure not currently in force or in the planning stage
- Changesin customer requirements for feature and performance

It is tempting to overlook these factors because they are unknown and difficult to forecast. They should not,
however, beignored.

Some aspects of the changes which will affect consumer groups are capable of being forecast, for example
predictions are fredy available for the age structure of the population, the typical family size and the average
income. These changes will affect motoring requirements and will influence future legislation. More importantly,
the attitudes and the outlook of societies change over time; different concerns arise, become general and collectively
shape the approach that individuals adopt to the decisions they take in their lives. These concerns do not build up
over night, and the key changes in emphasis which will be significant in forming the preferences of consumersin
five years time are likely to be present today.

Understanding the relatively predictable changes in the structure of society and the less tangible shiftsinits
outlook are crucia in designing a vehicle which is going to be appropriate in the environment in which it is
launched. It is these factors which should be dictating the priorities for the development of new technologies, for
some of them are fundamental.

THE CHANGING FACE OF SOCIETY

In the eighties, in the developed world, the truth of the adage that 'money does not buy you happiness appears
to have been proved to a substantial mgjority of people (Figure 3). As The Henley Centre put it in their 'Planning for
Socia Change 1990-1991' [1]:

"The 1990s is shaping up to be the decade when, thanks to their experience, their discretion and their sense of
new beginnings, people assess their lives from anew perspective.”

FIGURE 3: WHICH OF THESE STATEMENTS COMES
CLOSEST TO YOUR VIEW OF HOW THINGS HAVE CHANGED ?
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Worse Source - MORI

Three key factors influence this new perspective which puts quality of life ahead of standard of living - the
role of women in society, the growing awareness of the environment as an issue, and the attraction and availability
of leisure opportunities. All of these are potentially significant in deciding what technologies to incorporate into a
new car.

The lives that women lead in Europe have atered dramatically this century. They are generally having
fewer children and living longer, which means that the time they have to live their own lives after their youngest
child is no longer dependent on them has extended dramatically. Most significantly, more women have jobs outside
the home, and this has far reaching conseguences on society generally:

... It forces ablurring of the traditional male and female rolesin the family, as the lifestyles of both partners become
similar
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- Itintroduces feminine attitudesinto the workplace, bringing a softer influence into this area of men'slives
- It giveswomen greater spending power in their own right

This contributes to a softer, more caring atitude on the part of society as a whole, which is reflected in the
concern for the environment that is now becoming a magjor force in consumer markets (Fig 4). The amount of
leisure, for men, is generaly increasing across Europe, and although women are clearly shorter of time now that
household chores have to be fitted in with a job, they are naturally looking for the quality of their leisure time to be
improved to compensate them for the additional work effort. The availability of sports and leisure fecilities of all
kinds is increasing, enticing people to make full use of this area of their lives, and giving it correspondingly greater
importance.

FIGURE 4: MOST IMPORTANT CONCERNS

Unemployment Environment
Poverty Homelessness Source - Henley Centre PSC Survey 199!

These changes collectively dictate a new attitude on the part of customers for carsin the nineties:

- Femalevaueswill balance the more traditionally male concerns on performance
- Concern for the environment will feature with personal gratification as a motivator
- Contribution to lifestyle will be more important than status

SELECTION OF APPROPRIATE TECHNOLOGIES

It is now possible to weight the new technologies used as examplesin Figure 1, to arrive at a view of their
appropriateness for the next decade. Superficially, a four wheel steer system is more appealing than adirect injection
diesd. It offers the cusomer a function he previoudy did not have; it is apparent to him, and to his neighbour, that
heis buying atechnologically advanced feature; it contributes to manoeuvrability. The advancesin a direct injection
diesdl are not visible to him; the gains achieved on his behalf are in fuel economy, which in a period of affluence
could be expected to be less relevant than the more exciting aspects of vehicle performance such as speed and
handling. Without the sort of longer term view outlined above, the planners could anticipate that the one is a high
value feature which will sdl cars, the other atechnology of interest to the industry but not the customer.

Taking account of insights into the future would cause a re-evaluation of this decision. Four wheel steer
offersamarginal customer benefit, which contributes little to the overall enjoyment of driving or the functionality of
the car. A high technology diesel appears entirely appropriate in the light of the increasing concern for the
environment and the potentially more 'feminine' approach to car
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Choice Not only is fuel economy the most effective way of reducing the effect that motoring has
on the environment, but the performance advantages of petrol engines are likely to become less appealing,
and even less useable, if legislation restricting speed to conserve fuel isintroduced.

In other words, in; the future ostentatious high technology can only bejustified if it also addresses
the concerns of the customer who will buy it. Conversely, functional high technology will not have to be
visbleto bejustifiable, if it is targeted at achieving what the customer wants.

CONCLUSION

Some advances in ,technology represent a step forward in the efficiency of the design or process, and
these need to be recognised and adopted early, whether they seem to relate to customer requirements or
not, to ensure continued competitiveness. Paint technology in the motor industry, for example, has been
through several evolutions which have resulted in an overall better standard of finish and increased
corrosion protection, and all companies have adopted the new standards to keep up to date with the
quality of product that the customer expects. For those new ideas which are optional, an understanding of
changes in the environment is essential.

[1] The Henley Centre for Forecasting, Planning for Social Change 1990-1991, Vol 4
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TR10
Environmental Considerationsin Road Transportation

Dr. Mrs. Vaishali Nashikkar, A. S. Sal
National Environmental Engineering Research Institute (NEERI), Nagpur 440 020, India

SUMMARY: Roads constitute major transportation mode in India. Environmental degradation from
construction of roads and plying of vehicles on roadsis amajor issue of concern. Preventive measures to
Mitigate the adverse environmental impacts of road development projects need consideration prior to
implementation of such projects.

PREAMBLE: The transportation system in India is both extensive and diverse. Road and rail are the
major transport modes which carry 95 % of total domestic freight and passenger movement. Road
transportation has become the most dominant mode of transport because of its unique advantages such as
mobility, door to door service, flexibility, reliability and speed. Since 1951, the vehicle population has
gone up 50 times[l].1t is estimated that traffic on roads will increase three to four times in the next
fifteen years. In order to increase the efficiency of road transportation systems, construction of new roads
and improvements to existing roads are being undertaken in rural and urban areas. The quest for meeting
rapidly growing transport needs with insufficient resources has resulted in wide scale environmental
degradation.

FACTORS CAUSING ENVIRONMENTAL DEGRADATION

Roadway factors: The construction activities for development of roads involve lasting deforestation,
Excavation work and cutting of mountain slopes to improve the accessibility. These actions not only
disturb the ecological balance of the area but also the aesthetics and agricultural productivity of the
adjoining areas. Bridges with inadequate openings and embankments obstruct the natural water courses
causing the degradation of environment. Badly rutted and damaged roads increase the noise level of
vehicles and also the dust level.

Traffic factors: Abrasion of road surfaces by motor vehicles generates dust. Traffic resuspends deposited
dust particles and transfers them to near the curb or median barrier and or onto adjacent areas. Traffic also
contributes many inorganic and organic pollutants such as lead, asbestos, oil and grease in addition to air
pollutants. Rstimates of vehicle produced air pollution are based on traffic flow characteristics, vehicle
numbers, types and total km of trave [2].
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Some of the pollutants which are of prime importance from environmental degradation point are

Lead: Thefuel for automobiles is Gasoline. Tetraethyl lead is added to it for effective combustion [3]
Wheeler and Rolfe [4] found that lead from highway sources in roadside soil and vegetation follows a
double exponential function

Pb=13.6 +ADT (0.1876™* x + 0.0147 €*%x)
Pb, = 8.9 +ADT (0.035627 x + 0.00618¢%* x)

Where Pbs = pb concentration in soil (ug/g)
Pbv =Pb concentration in plants (ug/g)
ADT= Average daily traffic volume

And  x= distance from the highway (m)

Asbestos: Higher concentrations of asbestos near highways originate from the wearing of brake linings.
The average emission rates were determined as 17.8 ug/km - car for passenger vehicles and 55 ug/km -
car for trucks (5). Concentrate ions of asbestos in areas of considerable vehicular traffic range from 10 to
60 ug/m3 of air [6].

Other Pollutants: Carbon monoxide, hydro-carbons, nitrogen oxides, sulphur oxides, emitted by moving
Vehicles form the major environmental pollutants. Kent and Medford (7] found that typical emissions
under Australian urban driving conditions could be expressed as

[CO] =465 S°
[HC]= 21.5 S°7
[NOX]=2.2+0.008s

Where, [CO] is the carbon monoxide emmission (gm km-I.), (HC] the hydrocarbon emission (gm km-I),
[NOx] the nitrogen oxides emission (mg km-l) and s the average vehicle speed (km h-l). Similar
estimates were also made by Taylor and Anderson [8]. Prediction of street level CO pollution
concentration due to vehicular traffic has also been made by Vittal Marty et.al [9]. Assessment of
pollutant emissions by road vehicles in large Indian metropolis shows that the air pollution if not
controlled now, will increase threefold in the next decade.

Noise: Traffic noise is continuously invading previously quiet places and is prevalent for long hours per
day. It hasto be noted that. Commercial vehicle of over 3.5 tons provoke a similar auditive disturbance to
the flow of 3 to 20 private cars, depending on traffic speeds and the acoustics energy emitted by
commercial vehicles over 3.5 tons increases as the cube of speed for speeds over 60 knmvhour[10].
DETRIMENTAL EFFECTS, OF ROAD DEVELOPMENT

Effect of gaseous pollutants

Plants Automobile exhausts are responsible for the destruction of forests field crops and other plants. Air

pollutants enter the
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Plant cdlls through open stomata. After crossing the boundaries of cell wall and cell membrane,
they react with the chemical constituents of cytoplasm. Retardation of growth, increased permeabilities of
cdl wall and membrane are the consequences [11]. The plants are contaminated by lead from fallout and
through absorption from soil. Lead content in edible vegetation was found to increase in cabbage, potato,
corn, radish  and barley. High lead inhibits  photosynthesis and water absorption in plants
and also enters the food chain and undergoes biomagnifications via animals feeding on them [3]. Changes
in productivity, death and dieback on a large scale of trees in deciduous and coniferous forests as a
combined effect of metal pollution, dry deposition of gases and acid precipitation has been reported [12].
Extensive research has been carried out on the effects of gaseous pollutants on plants including trees [13].

Habitat Carbon monoxide directly passes to the blood and reducesitsoxygen  carrying capacity. The
consequences are headache, palpitations, dizziness, vomiting and in extreme cases, collapse. NOx cause
injury to lungs, respiratory tract and eye irritation. S02 acts as an irritant and may lead to
bronchoconstriction [14]. Accute lower respiratory tract and lower pulmonary tract diseases and reduced
resistance to bacterial and viral infections is common in humans subjected to gaseous pollution for longer
periods.

Other effects: Although both NOz and CO are rapidly diluted on leaving the exhaust pipe of vehicles,
concentrations in excess of WHO guidelines have been encountered in some urban areas where the traffic
density and local topography allows them to build up. Hydrocarbons are also emitted as gases from petrol
and diesdl vehicles. Volatile hydrocarbons are of special importance in relation to photochemical
formation of other more persistent pollutants such as peroxyacetyl nitrates (PAN) are formed by reaction
between NO2 and the free radicals from hydrocarbons. free radicals can also convert NO2 and 802 to nitric
and sulfuric acids which in turn may give riseto acid raing[15J.

Effects of Doise - Excessive noise has a negative physiological effect~ on both people and animals. The
effects may range from minor to interference with deep, speech or in the extreme cases, loss of hearing.
Noise affects thalamus and hypothalamus in man. Information incident once is masked by noise and it
becomes difficult to recall it easily after some time[16]. Exposure to intense noise levels even if
intermittent may result in adverse auditory effects[17].

PREVENTIVE AND MITIGATIVE MEASURES: degradation due area, terrain, of traffic etc. would
be helpful The extent of environmental to road construction activity depends on the type of land use
pattern of the areg, type of traffic, volume The following preventive and mitigative measures to minimise
the environmental degradation.

Large scale cutting and tree felling should be avoided. as possible cutting and filling should be balanced.

Disturbance in the natural setting as a consequence of construction activity in hilly areas may result in
large scale land dlides. This should be given a careful attention, right
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From the stage of planning, project formulation, construction and subsegquent maintenance.

- Wet land, swampy land, wild life habitat and dense forests should be avoided, while acquiring the
land for construction of roads.

- Erosion control measures should be adopted in sections susceptible to damage by erosion, rain,
streams etc. Planting trees and vegetation in such areas would be beneficial.

- The road alignment should avoid unstable area, avalanche etc. Proper measures in consultation
with geologist prerequisites if such areas are unavoidable.

- Proper side drains, intercepting drains and catch water drains are necessary as drainage is an
important factor affecting environment.

- Ponding of water should be avoided to provide adequate waterway.

- Proper disposal of surplus construction material should be made to avoid any impact on the
immediate environment.

- Inter-alia, appropriate standards with regard to the width of land to be acquired for future roads
and the minimum distance of property-line there from needs to be formulated and enforced.

Environmental problems of air pollution by vehicle exhaust emission can be reduced through
more efficient vehilcle maintenance. The Indian standard specification for smoke intensity is limited to 65
on the Hartridge scale while CO and HC emissions should not exceed 3 % and 100 ppm respectively as
per the guidelines given by Central Pollution Control Board [18] and Indian standards [19]. The
achievement of smoother traffic flow and better vehicle maintenance is the key factor in promoting fuel
economy and at the same time, limiting pollutant emissions. Development of commercialy viable
electrical | solar energy operated cars could go a long way in reducing the air pollution problem.
Improvements to the vehicle exhaust systems could also be useful in this regard. Movement away from
the metropolis or a central business district results in fewer traffic events, higher speeds, longer cruise
periods and shorter stops. The  resultant reduction in root mean square acceeration leads to a
corresponding reduction in vehicle emission and consequently air pollution factor [20].

Road design for traffic noise reduction has been suggested by et.al [21]. The Indian standard limit
suggested for noise level is 70 dBA[22]. Noise reduction measures have to be considered as integral part
of the project depending upon the nature of land through which the roadway passes.

EPILOGUE: In order to assist the authorities in planning and carrying out the transportation projects,
Ministry of Environment and Forests Govt. of Indiahas given environmental guidelines. Accordingly
implementation of various preventive and mitigative measures as suggested by Environmental | mpact
Assessment study is essentia for any road development project. The management plan should describe
the mitigative measures along with the resources required and the manner in which they need to be
carried out. A regular environmental monitoring during and after the completion of project is required. It
is time now that we pay attention to the environmental aspect which is most important in transportation
development projects.
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TR11

Inflatable Restraint Systems: The Road to Occupant Protection

Judie Forbes

TRW Technar Inc., Irwindale, California U.S.A.

SUMMARY - History, engineering characteristics and future technical enhancements of airbags. Science
may measure in light years or in Angstroms; engineering is responsible for the distance from the
accelerator to the brake pedal [1]

Even before | became a part of the automobile industry, | frequently used cars as examples of
engineering's successes, impacts and responsibility to society. No matter what discipline our technical
training focuses on, engineers, like the general public, are familiar with cars, speed, traffic, roads and the
effects - positive and negative - of these factors on our lives.

One of the successes in this ubiquitous technology is the inflatable restraint system known as the
airbag system.

HISTORY [2]

Today's inflatable restraint systems have diverse beginnings. One facet evolved from the Mae
West, the inflatable life jacket of World War I1. Like the Mae West, the first airbag patent design (for
airplanes) required the user to pull a knob to inflate an air cushion.

A second facet in the airbag's background is the development in the early 1970s of the sodium-
azide inflator. Replacing bulky, high-pressure stored-gas systems, a small canister of this solid propellant
isignited to release nitrogen gas into a bag which has been folded with parachute-like precision.

Thethird technology needed for a viable inflatable restraint system is crash detection sensing. One
of the earliest sensors used in automobiles built in the early 1970s is the Rolamite sensor which was
developed in the U.S.'s Sandia Laboratory and found early use in helicopters where it turned on a beacon
if the helicopter crashed.

The Rolamite is an accelerometer and an electromechanical switch. In this sensor a spring unwraps
from around arolling

45TR



Mass in response to deceleration, allowing the mass to move toward and across an electrical
contact, closing the circuit to the airbag inflator. Both the spring dimensions and the roller mass can be
varied to customize the sensor action the crash characteristics of the car it is used in.

These technol ogies came together in aribag systems for full sized vehicles: at Ford in a specia
fleet of 500 cars in 1972, and at General Motors in 1000 cars in 1973. In 1974-76 GM built 10,000
productions Oldsmobil€ swith airbags as an extra cost option. Some of these Oldsmobil€ sare still on the
road, most with their third or fourth owner who may not even know there's an airbag until its protection is
deployed in a crash.

APPLICATIONS ENGINEERING

An inflatable restraint system is not an off-the-shelf item. Each of its components must be
tailored to the vehicle.

THE AIRBAG - How big is it and how fast must it inflate? This depends on the interior of the
car. How large is the space between the driver and the steering wheel or between the passenger and the
dashboard? These determine the size of the bag. The shape of the center of the steering whed and
dashboard must then be jointly designed to accommodate the folded bags. The speed necessary for
inflation is investigated in crash tests. Profiles of the motion of the dummies' heads indicate when the
airbag's cushioning effect must be in place to prevent impact and injury. These tests are done both with
and without seatbelts on the dummies. The propellant module provides the volume and inflation rate
necessary to inflate the airbag. Inflation must also stop on time to allow the airbag to deflate immediately
after the crash so the occupants can leave the vehicle. '

THE SENSORS - What kind? How many? Where? What activation level? The answers for these
guestions and many others begin on the test track. Whether the airbag system will be used for 450,000 full
sized Chryslers per year or 300 Ferrari Testcrosses, the same procedure is used:

1. Put accderometers in many locations on a set of vehicles to be crashed. Locations include the
engine compartment, the passenger compartment, under the dash, on the hump, and sometimes on the
steering wheel.

2. Do a series of crash tests, both "soft" and "hard". The intent is to find locations for mounting

where the sensor can be calibrated to sense a difference between "no-fire" events (where there is
little likelihood of serious injury and so the airbag should not deploy) and "must-fire" events (higher
speed head-on or angle impacts where serious injury is very likely and the airbag must deploy). For
vehiclesto be sold in the

U.S., Federal Motor Vehicle Safety Standard (FMVSS) 208 defines the "must-fire' events.

3. Analyze the data from the crashes and run simulations to determine how a sensor would react
in each instrumented location. Some locations may be eliminated in this step. If the crash signal is
attenuated as it is transmitted through the structure of the car, there may be little observable difference
between "soft" and "hard" events.

4. Select the locations and the sensor type. There are several electromechanical sensors besides
the Rolamite described earlier. One uses an eccentric mass on a rotating disc which closes a contact at a
specified angle. Another has an inertial
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Masswhich isaball sealed in a cylinder. The ball travels within the tube a distance proportiona to
deceleration. A

Third has a mass which moves against a helical spring and a suction cup. The amount of vacuum
behind the suction cup can be varied by a controlled leak, damping out short duration events. This type
might be used in trucks of off-road vehicles. Usually two location are selected, one on each side of the
engine compartment, such that at least one of the sensors will be able to detect each must fire event. A
typical sensor system is shown in Figure 1.

5. Design the calibration, mounting and electrical connection features.

6. Build prototypes.

7. Test.

Crash sensors

Arming sensors
Diagnostic module

Passenger-side air bag

Driver-side air bag

FIGURE 1. A typical inflatable restraint system will have 2 or 3 crash detection sensors, as well as a
safing sensor to prevent firing under non-crash conditions.

THE SAFING AND DIAGNOSTIC MODULE [3] - These dements playa key role in
establishing the inflatable restraint system integrity. replacing earlier analog circuits which were used to
detect faults at power-up, today's custom designed digital/analog hybrids which can blink the driver
warning lamp with coded ‘information to indicate the suspected source of the fault therey facilitating'
sarvice. The safety critical nature of the system encourages the use of a safing sensor to inhibit
susceptibility to high g shocks, as well as the inclusion of a redundant energy source for the firing circuit.

THE FUTURE

The next steps in the development of inflatable restraint systems are, like earlier improvements,
based on the development of technologies which provide new opportunities. One such area is the
development of an electronic airbag control unit based on a micromachined silicon piezoresistive
accelerometer and the low cost logic power for the microprocessor combined with an analog
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To digital (A/D) converter. Thiswill allow single point sensing from the passenger compartment,
removing the sensor from the crush zone, eliminating concerns about sensors being impacted by
surrounding structure, placing the sensors in a less hostile environment, and decreasing installation
complexity.

The flexibility of the microprocessor allows more sophisticated reporting of possible system
malfunctionsto aid in service. It also facilitates data retention in non-volitile menory including fault codes
and durations to more easily diagnose faults which may occur only intermittantly. Built In Salf Test
(BIST) techniques developed for use in missiles and satellites will increase system rdiability.

The additional capability of the microprocessor can be used to coordinate system enhancing
features. One might be a seat sensor to enable the passenger airbag only if the passenger seat is occupied.
Another function might pretension seatbelts, or even lower the sensor's must-fire level if the seatbelt is
not being used.

Perhaps the most important development, however, is the increasing awareness that occupant
restraints added to existing vehicle help, but occupant protection is best when crash characterigtics,
braking systems, knee bolsters, energy absorbing steering wheel columns, and all the other elements of
the host vehicle are designed to perform in conjunction with the seatbelts and inflatable restraints. This
challenge in engineering is being met world-wide by the automabile manufacturers and their suppliers.
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Traffic Incident Detection Using Vision-Based Processors

Maria-Alicia Vicencio

Transport Studies Group, University College, London

The paper describes the work done at UCL for INVAID (EC DRIVE project V1026).

UCL involvement in INVAID ("Integration of computer vision techniques for automatic incident
detection") includes the development and laboratory testing of incident detection algorithms for
motorway and urban scenarios, adequate integration of single site outcomes in order to assess the state of
the traffic in a road network and participation in the design of the man-machine interface.

The incident detection algorithms use a pre-processor developed previously at UCL (IMPACTS)
which takes traffic images from a single site and delivers a qualitative' description of the traffic situation
at a given time. The output of IMPACTS together with other relevant data that may be available (e.g.
SCOOT data, weather information) is analysed in order to decide on the presence of an incident and its
characteristics.

Analysis of motorways scenes have already been reported and demonstrated. Urban scenarios are

currently being developed. Also in progress are the integration of multiple single site incident detectors
and the user interface.
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TR13
Dimensioning M ethod for Elastic-Plastic Road Pavement

Sawsan lbrahim

Polytechnic of Central London, U. K.

The éastic plastic road pavement or flexible pavement design may be classified into three broad
groups (empirical methods, semi empirical methods and theoretical methods).

Pavement design consists of two parts: (1) mix design of materials to be used in each pavement
component layer; (11) thickness design of the pavement of the component layers.

The various factors to be considered for the design of pavements are: design wheel load, sub
grade soil, climatic factors the pavements component materials and specia factors in the design of
different types of pavements.

For the purpose of structural design only the number commercia vehicles and their axle-loading
are considered. The average number of axis per commercial vehicle varies with the type of road

itis important. For the structural engineer to consider the structural life in years of the pavement.
Thechosen lifewill beinfluenced by  the type of road. By it s probable use after the end of the design
period.

The advantages of flexible pavement, construction closely match the requirements outlined, and
with the continuous development. Over almost a century are able to carry anticipated future traffic toads
safety and economically.

Some of the principal characteristics of modern flexible roads are:
1. The method of constructing in layers enables work to proceed at a number of points

progressively along the road as required. The materials required are easily obtained and can be
laid accurately and swiftly with mobile, relatively and readily available plant.
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2. The surfacing on flexible roads can be laid to a high degree of accuracy, by modern paving
machinery, providing a smooth--running finish for vehicles.

3. Assoon as the construction of aflexible road made with bituminous materials, or any stage of
it. Above the sub--base is completed; it can be opened to traffic.

4. The normal dlight; movement. Under traffic on a flexible road is a feature which prevents any
harshnessin tile riding quality of the road

5. Thesurfaces of al types of roads are subject to wear and tear. Thelife of aflexibleroad wearing
course can be extended easily, quickly and economically by superimposing a newm wearing
course or by surface dressing

Aim of this paper:

The aim of this paper is to submit a method for dimensioning the thickness of road pavement, in
function of modulus of elasticity of materials, which make up pavement E, modulus of sub grade soil Eo
and design intensity Rn of vehicles with different axial load.

The method is bases on American and Russian methods for designing. Flexible road pavement..

For both methods flexible pavement are commonly designed using empirical design chart; and equations
taking into account some of the design factors.

Figure (1) shows the nomogram of the American method for designing flexible road pavement; It
shows the relation of commercial vehicles with axial load 80KN (w) [Wn- 365 Rn80, n] wheren isthe
number of life design and Rn80 the designed intensity of vehicles with 80KN axle load, with the
relation of modulus of sub grade soil Eo,MPa

Figure (2) shows the nomogram of the Russian method.

After-much studying-, two basic equations have been worked out. to show the design thickness of
pavement for commercia vehicles with an axial load of 80KN and 100RN.

Heo = 10* [0.447 + 1gRNn80 ] (50)°°

[77.762 (E/ 100) —3.619 ( E/ 100 )% + 0.047 ( E/ 100)%] 2.748 EO

Hio = 10* [1 + 1gRn100] (50)>°

[77.762 (E/ 100) —3.619 ( E/ 100 )% + 0.047 ( E/ 100)%] 2.748 EO
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Where:-

H80 and H100 are the thickness of homogeneous road pavement in cm:
K the modules of dasticity of material which makes up pavement MPs.
Eo modules of sub grade MPa.

Rn80 and Rn100 are the designed intensity of vechicles with axiel load 80KN and 100Kn

Conclusion

1

The thickness of road pavement is affected by the modulus of easticity of the sub grade and
designed intensity of vehiclesfor different axial lands

2. The designed thickness of a homogeneous asphalt concrete pavement in both the American
and Russian methods can be read graphically, while the designed thickness of flexible
pavement can be calculated by the above equation

3. This new a method is suitable for applying to al values of modulus of sub grade and good
results can be obtained.

4. The results of designed thickness of a flexible road pavement in the American, Russian and
new methods are approximately the same.

5. Figure (3) shows the designed thickness of asphalt concrete pavement obtained by the three
methods for designed intensity of vehicles with an axial load 100Kn 100 veh/day and
different modules of sub grade soil. The new method seems, in general, to be between the
American and the Russian methods.
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ST1

European Space Agency

A. M. Hieronimus

No abstract supplied.

Looked at from an economic standpoint, the European space industry is still in many ways a
nascent one. Its structures, forms of organisationand methods are not yet fully industrial in terms of the
production process.

A small part only of the activities of this emerging industry is carried on under conditions of open
international competition, in fact jus,: one-quarter of European space industry sales, and less than 10% of
sales by the United States' space industry, Europe's leading competitor in the field. In commercial markets
- telecommunications essentially - European industry's most seriolls handicap has been its late start.

In the past, ESA provided an initial market for the European space industry and supported the
industry in its technological development through its experimental telecommunications programmes.

ESA’S role in the telecommunications field in future will need to be adapted to maximise
Europe's chances of success in a commercially competitive environment. At the same time, however,
there is a risk of a major reduction in government support for experimental programmes in specific space
communications technologies. This would lead to a weakening of European space industry in the face of
increasingly strong competition. Measures are being taken to avoid such a situation arising and improve
the prospects for European industry to win commercial competitions, not only in the world market, but
also in Europe, its home market.
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ST2

The Aerospace Plane - Transport for the Next
Century

Gabridle M. Kelly

University of Queensland, Brisbane, Australia.

SUMMARY

The development of space planes, the next generation of launch vehicles, promisesarevolutionin
transportation for both goods and passengers. This paper outlines the scramjet engines that are likdy to
propel space planes and the free piston shock tunnel and instrumentation techniques developed by the
author for hypersonic model testing.

1 SPACE PLANES AND SCRAMJET ENGINES

The future of space transportation, particularly of that a commercial nature, depends on the
development of more economic access to orbit. The space plane with a scramjet engine propulsion system
[1] is a technological development likely to enable this. The new concept of propulsion proposed for the
US National Aerospace Plane (NASP) is centred around an air breathing engine which renders the
traditional liquid oxidizer systems obsolete. The major advantage of the air breathing scramjet over the
conventional rockets used at present is an economic one. Present launch vehicles carryon board the liquid
oxidiser required for propulsion through the atmosphere. This increased launch mass due to on-board
propellant reduces the available payload. The present launch costs with expendable liquid oxidiser tanks,
somewhere of the order of US$100m, render most commercial and all tourist space transportation not
viable. However, if a more economic launch vehicle can be developed to operate with 10-30 per cent of
the present
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Launch cogt, the level of commercial space activities will be greatly increased. This increase in
launch market, it is thought, will eventually extend to tourism.

It is planned that during initial take-off, conventional rockets or turbojet engines will
provide the thrust. Then, once the vehicle is travelling at a speed of about Mach 3, the scramjet engine
will cut in. The nature of the engine design is such that air is taken in through the inlet and compresed as
it flows through an area change. Once the air is at a temperature and pressure hydrogen is injected,
combustion takes place spontaneously and the thrust generated by increased pressures in an expanding
nozzle propels the vehicle through the atmosphere. The engines are only operational above a certain speed
and perform only while the vehicle is in the atmosphere. The system, however, will transport the vehicle
close enough to the edge of space that only small rocket boosters will be required to place the vehicle in
orbit. Once placed in a suitable orbit propulsion is no longer required. The rockets are needed once again
when leaving orbit. The vehicle basically will take off and land horizontally and, in the case of NASP,
will be totally reusable. Such a vehicle will be able to transport a much greater payload into space than
present launch vehicles and without the high cost of expended parts. With this in mind, space travel
becomes a commercial concern and more in reach of the public. It is claimed that a transportation system
of this kind could fly passengers half way around the world for little more than the cost of an airline ticket
and with the time saving advantage of only a few hoursin transit.

2. SHOCK TUNNELS

To assess the strengths and weaknesses of such a proposal it is necessary to test modelsin
simulated hypersonic conditions. Hypersonic means flight speeds above about Mach S. This ssimulation
is achieved by use of impulse facilities. At the University of Queensland, the fastest free piston shock
tunnel in the world, T4, is used for such testing purposes [2]. Scaled models of scramjet engines Are
mounted in the test section of T4 and instrumentation installed on the models provides information on
The aerodynamic performance.

Since the scramjet engine must operate at near-orbital velocities, the test facility must
simulate flight at speeds of about 8 km/s. This is achieved by initially heating the test gas to a very high
temperature and then converting the energy associated with random motion of the molecules to directed
kinetic energy.
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As ameans of heating the driver gas in T4, a free piston technique is used. Figure 1 displays
the principle of a free piston impulse facility. The driver section contains a large tube of helium driver gas
at rdlatively low pressure. The gasis separated by a piston from areservoir of air a a higher pressure. The
piston is propelled along the driver section (compression tube) by the pressure of the reservoir of air
behind it. It compresses and heats the driver gas as it advances. When the stored energy in the reservoir is
almost completely converted to energy associated with the high pressure and thermal energy of the heated
driver gas, the piston comes to rest. At this pressureit is arranged that the steel diaphragm separating the
driver section from the shock tube bursts and the shock tunnel is operational. After the diaphragm
ruptures the expansion of the high pressure driver gas drives a shock wave through the test gas and along
the shock tube. When the shock wave reaches the end of the shock tube it isreflected. It passes once again
Through the test gas, compressing and hegting it further. At the point of reflection a thin secondary
diaphragm ruptures and the test gas is then expanded through the nozzle into the test section and dump
tank the model mounted in the test section is thus subjected to hypersonic conditions.

3. SKIN FRICTION GAUGES

One of the limitations imposed by such an impulse facility is an extremely short test time. In
T4 the test time is of the order of a millisecond. The instrumentation used must of necessity have a Very
short response time. One of the parameters particular interests to hypersonic researchers is skin friction.
This is basically the surface drag experienced on the skin of the model. It is of particular interest in the
hypersonic regime because viscous effects are more dominant than in the supersonic flight range. They
are in fact comparable to pressure drag effects and therefore knowledge of skin friction provides
important information as to vehicle performancein this regime. To date a skin friction gauge has not been
successfully developed for impulse facilities with such short test times. The author's research at the
University of Queensland encompasses the devel opment of such a gauge.

The stringent test time requirements promote the use of piezoceramic materias as the sensing elements.
Such materials produce an electrical charge when mechanically stressed. The response of these materials
is measured in microseconds. They also have the advantage that transducers of very small dimensions but
high levels of sensitivity can be manufactured. It
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Is important to minimise interference to the flow. Hence, the gauge is designed to be mounted
flush with the surface of the model. As mentioned previously the skin friction tangential to the surface,
and that normal to the surface are of a comparable magnitude in hypersonic flows. It is important
therefore to be able to decouple these two effects in order to quantify skin friction successfully. A design
in which two sensing elements are aligned side by side but with one inverted relative to the other
accomplishes this decoupling. If the signals from the two transducers are combined, pressure effects are
cancelled but the shear stress which produces the skin friction is reinforced. To date the author has had
success at the University of Queensland in measuring skin friction on flat plate models. These gauges
when fully developed will be used to examine skin friction drag on the surfaces of scramjet engine
models.

4. CONCLUSION
The scramjet engine sets the stage for hypersonic travel in the next century. Current research in

the field is perfecting the design to maintain constant combustion and minimse surface drag. The skin
friction gauge will playavital role in providing this data for performance analysis.
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Fig. 1 Hypervelocity Free Piston Shock Tunnel
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1. SUMMARY

The work discussed in this paper was carried out as pan of a study funded by the European Space
Agency (ESA) on a Mission Study of a Space Communications Network, contract number
8641/891FRD(SC). ESA's present deep space capability is reviewed, as are the predicted RF and optical
technology developments in this field. The development of network architectures for Moon, Mars and
Solar System missions in the time period 2000 to 2035 are considered. Finally an overall network
development strategy is suggested.

2. CURRENT DEEP SPACE NETWORK FACILITIES

ESA's only deep space mission to date is Giotto launched in July 1985 to study Halley's comet.
For this ESA made use of the NASA Deegp Space Network and the Parkes 64m antenna, with the
Weilheim 30m antenna as a back-up. The Perth 15m SX band antenna was the only European Space
Tracking Network (ESTRACK) ground facility used for this mission.

Current deep space probes transmit low data rate telemetry using S band. For transmission of
higher rate scientific data X band is amost always used. Our interests therefore lie in ESTRACK ground
stations with S and X bands capabilities.

ESA plansto install 15m SX band facilities at Maspolomas and to up-grade the ground stations at
Kourou and Villafranca to have 15m SX band antenna. However, since these antennas are only 15m
diameter, their use for future deep space missionsis limited.

There is a limit to the data rate that can be transmitted in X band. Moving to Ka band is one
option to allow increase in the data rate. Some Ka technology has been developed by ESA but this is for
dedicated missions such as Olympus testing, and has yet to be applied to the DSN.

3. LINK TERMINOLOGY AND FREQUENCY SPECIFICATIONS

The following terminology and frequency specifications are used throughout this report. A
forward link is defined as the link carrying data from Earth to a specified destination. A return link is
defined as the link carrying data back to Earth. Table 1 shows the frequency band space that has been
allocated for deep space research.
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Band Direction Freg. Allocation

S forwad 10MHz (2110 - 2120 MHz)
Return 10MHz (2290 - 2300 MHz)

X forward 45 MHz (7145 — 7190 MHz)
Return 50 MHz (8400 — 8450 MHz)

Ka forward 500 MHz (31.8 —32.3 GHz)
Return 500 MHz (34.2 —34.7 GHz)

Table 1: Presently Available Bandspace in Frequency Bands of Interest.

4. PREDICTED TECHNOLOGY DEVELOPMENTS

When designing a communications network it is crucia that sufficient transmit power can be generated to
successfully implement an RF link. Limitations will be placed on component parameters such as amplifier power
and antenna sze due to available technology.

To generate the power levels that are likely to be required to implement Deep Space links, travelling wave
tube amplifiers (IWT As) will almost certainly be the preferred amplifier choice. It is thought that with the current
rate of technology developments over 2015 to 2035, a spacecraft will be able to use IWT As transmitting up to
400W RF power. These would have 65% efficiency at Ka band and 70% efficiency at X band. Since surface bases
will have a greater supply of d.c. power and less restrictions on mass they will use TWT As able to transmit up to
IKW RF power.

Launch vehicle payload envelope constraints in 2015 are likely to restrict solid reflector antenna size to
about 5m. By 2035 this will have increased to about 10m. Any requirements for reflective antennas above these
sizes will have to be met using deployable antennas. Constructing the antennas on board a space station and then
boosting them into orbit may al so be an option. Antennas of 15m and above could pose launch mass and attitude and
orbit control system (AOCS) problems for the spacecraft.

Optical communication terminals would be substantially lighter and more power efficient than RF
technology. It would not involve the complication of large antennas. However optical links need a very high degree
of pointing accuracy and are badly degraded by the atmosphere.

For optical return links to Earth, over distances such as from Mars, it is proposed that a 10m photon bucket
(non-diffraction limited telescope) is used to receive data. Idedlly this should be situated in-orbit. However, a more
cost effective option is to ingtal the receiver on the ground, in a favourable environment. This would still give a
predicted 10 to 15dB performance over conventional RF systems. The tranamit terminal would consist of a laser
transmitting through a telescope. For example, on Mars, a transmit telescope diameter of 30cm would be required
for a 32Mbps return link. This would have a mass of about 50kg and power consumption of 80W. Optical forward
links from Earth, over long distances, would be a lot more difficult to implement this is due to the large receiving
telescope (10m) that would need to be implemented in space. Over shorter distances optica links could be
implemented using smaller Optical Multiple Access (OMA) type terminals[1].

5. SUBNET COMMUNICATION ARCHITECTURE

The three deep space subnets considered are Moon, Mars and the Solar System. The users, their
requirements, and how these demands would vary over the time period 2015 to 2035 were assessed for each subnet.
It was decided that, where possible, the most appropriate and economical way to transmit data was to multiplex the
various services on to a small number of channels of the same datarate. The size and number of these channds was
calculated using Erlang-B theory. The system parameters of each subnet were obtained by producing link budgets.
Trade offs between amplifier RF power per channel and antenna sizes were carried out. In al cases, meeting the
return link user requirements was the driving influence in the communication architecture design, because of the
higher data rates required on thislink.
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Keeping the technology constraints in mind the following is a summary of the proposed architectures,
based on those produced by Space Engineering [2].

5.1. MOON SUB NET

In 2015 it is predicted that there will be one surface base on the side of the Moon facing Earth. The Moon
base could communicate directly with Earth using ESA's currently devel oping 15m SIX band ground stations. One
problem arising from the use of X band is that the return link from the Moon requires 96MHz of bandwidth and the
current X band frequency allocation is only 50MHz. This difficulty can be circumvented if a bandwidth reduction
modul ation scheme, such as 16QAM, is used, but thiswould Ieave no room for further expansion of the system.

By 2035 there will be a space station orbiting the Moon. This will result in a requirement for two Lunar-
DRS satellites to provide continuous communications coverage to the station (Figure 1). These satellites would be
positioned at the LI and L2 Lagrange points. They would also link any facilities on the far side of the Moon with the
Moon base. All traffic to and from Earth would pass via the MCA hub. The 15m SIX band Earth ground station
facilities could till be used to meet these requirements. However, it is important to note that additional X band
frequency allocation would be needed.

It is aso recommended that optical technology be used for the Lunar-DRS to Lunar-DRS intersatellite
links, and Lunar-DRS to Moon base links. However it is not fet that the expense of implementing optical links
between the Moon base and Earth isjustified.
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Figure 1: Communications Network Architecture for Lunar Operations.

52. MARSSUB NET
In 2015, Mars subnet users will be interplanetary spacecraft. The predicted requirements of these | users
can be met usng a34m diameter Ka band Earth station.

By 2035, when a surface base is on Mars, Ka band technology will be needed to meet the new demands. A
34m facility would be sufficient to keep the Mars main communications antenna to below 10m diameter. Thereis
ample bandwidth to meet these requirements, as the Ka band all ocation is 500MHz.

To reduce communication loss due to the rotation of Mars, a Mars-stationary DRS could be used (Figure
2).Thelink between this DRS and Mars surface base should idedlly be optical, using an OMA type terminal. For the
return link between the DRS and Earth the only practical solution available is to implement the link optically. The
forward link would then be implemented at Ka band.

The conjunction and opposition of Mars and the Sun will result in acommunication black-out,
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Between the Mars base and Earth, of up to 35 days. Thisloss could be avoided by using a satellite placed
midway between Earth and Mars in a heliocentric orbit. However, this solution is considered impractical to
implement even using projected capabilities of the considered technologies. Instead, the base should be designed to
survive these periods of communication |oss.

to Earth K\\ ’
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to Earth
1oL /\
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FL FL MCS - Mars Communication Stations
UT - User Termnals
MUT - Mobile User Terminals
NT - Navigation Terminals
/ DRS - Dara Relay Satellites
= OMS -  Orbiting Mars Satellites
Y‘@ ISL. - Inter-satellite links

Yigure 2: Communications Network Architecture for Mars Operations.

5.3. SOLAR SYSTEM SUB NET

The Solar System subnet users in 2015 are interplanetary spacecraft. For distances out to Jupiter, return
link communication requirements can be met using a 34m diameter Ka band Earth station. However, spacecraft
antennas of 15m and above would be required at Saturn and beyond. The launch mass and AOCS system needed for
these antennas could make them impractical. Optica technology would then have to be used for the return links over
these distances. The forward link requirement would be met using a 34m diameter Ka band Earth ground-station,
utilising a 3m spacecraft antenna at distances out to Neptune.

In 2035, an Asteroid base will be present somewhere between Mars and Jupiter. Optical technology

would be required for the return link from the base. Ka band would be used for the forward link, utilising a base
antenna of 4m.

6. DSN DEVELOPMENT STRATEGY

In 2015 the communication requirements of a Moon base can be met using the currently planned 15m SX
band facilities, as long as a bandwidth reduction modulation scheme is used to implement the return link. To meet
the user requirements for Mars and Solar System interplanetary spacecraft some Ka band capability will have to be
developed. If Solar System missions do not take spacecraft further than Saturn, 34m Ka band ground station
facilities can be utilised. To obtain continuous coverage of deep space missions at least three ground gation facilities
would be required per subnet, positioned 120. longitude apart. The total number is dependent on the number of back
up ground stations deemed necessary to help overcome the disruptive effects of bad weather.

By 2035 matured Ka band technology should be used to meet the increasing Moon user requirements. This
would save the need for greater X band frequency allocation. The link between Lunar DRS satellite and Moon base
would use optical OMA terminals. as would the Lunar-DRS to Lunar-DRS link. Solar System interplanetary
spacecraft sent beyond Saturn, and the Asteroid base would require optica return links. Forward links would still be
met using the 34m diameter Ka band ground station facilities.

Since the cost of developing optical technology will have been covered to carry out distant Solar System
missions, it would be advantageous to implement all Mars return links optically. Again, the 34m Ka band ground
stations would be used for the forward links. Thelink between Mars
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DRS satellite and Mars base should be established using optical OMA terminals.

7. CONCLUSIONS

Having derived the above implementation strategy we have concluded that no additional
frequency allocations need be applied for to service future Deep Space Communication requirements.

Table 2 illustrates frequency requirements for each link in each subnet, and the band in which it is
proposed the requirements should be met.

2000-2015 2015-2035

Max.Freqg Max.Freqg
Link Requirement | Freq.Band | Requirement Freg-Band
Moon Subnet
Forward AMHz S 8MHz Ka
Return 96MHz X 224MHz Ka
Mars Subnet
Forward 16kHz Ka 8 MHz Ka
Return 2MHz Ka 160MHz Optical
Solar System
subnet
Forward 16kHz Ka AMHz Ka
Return 2MHz Ka 64MHz Optical.

Table 2: Frequency Requirements for Moon, Mars and Solar System Subnets.

It was also concluded the ESA would need to sponsor a major development effort in both Ka
band and optical communications technologies, before the activities predicted in this study could be fully
supported in terms of their communication needs.

Above all we concluded that any commitment made by ESA to developing a deep space

communications network would entail an extremely large investment in technology and facilities,
whatever implementation routeis finally chosen.
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SUMMARY

Recent advances in computing and communications enable voice, video and data services to be
carried on a single network. This paper summarises the development of integrated service networks,
examines user applications and discusses the communication protocols which enable these applications to
be mounted.

1. THEDEVELOPMENT OF INTEGRATED SERVICE NETWORKS

Information of many kinds can be encoded in digital form and transmitted over telecommunication
links. A variety of techniques are currently used for switching digitised information from source to
destination through a network shared by many users and techniques are emerging which will enable all
information services to be switched in a uniform manner.

There are two principal approaches to switching - circuit switching and packet switching. In circuit
switching, which has evolved from the analogue telephony environment, a fixed amount of capacity is
reserved for the duration of a call between a transmitter and a recipient. In packet switching, which has
evolved from the need to interconnect computers, all information is carried in packets which consist of a
variable number of bits of user data together with a header which is used for addressing and other
purposes. A packet switched network interleaves packets from many sources and often from several
processes within a particular source system. This provides an efficient means of sharing capacity where
the information sources are “bursty"”, i.e. produce information at irregular intervals and have frequent
silent periods. Packets must not be greater than a maximum size for the network and may be queued at
intermediate exchanges in the network, whilst awaiting an opportunity to be forwarded.

For some years telephony, telex, teletex and data were all carried on different networks. The move
towards carrying all services on a single network is in response to two main influences. Firstly, it is
expensive for telecommunication providers to operate and maintain several complex and widespread
networks in parallel. Secondly, the evolution of new services and processing techniques is blurring the
formerly distinct boundaries between service types, new services may also have requirements which
could not easily be met by existing networks.

These trends have led to the concept of the Integrated Services Digital Network (ISDN) [1] whose
objective is to offer a network capable of carrying all digital information services. ISDN is how being
introduced and services are available in several countries. It is effectively based on the circuit
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Switching principal, with standard transmission rates of 64 k bit/s and multiples of this value. An
important aspect of ISDN is that signalling (that is information about call set up and progress) is carried
out using separate channels to those which convey information. Packet data can be carried either using the
signalling channels or by operating in packet mode on circuit switched channels. Another important
design feature of ISDN is that it presents a small number of standard interfaces to customers, thus
encouraging the design of compatible user equipment and techniques.

ISDN as just described (called base band ISDN) is an excellent vehicle for many
telecommunication services, but is not suitable for all potential future services. In particular, there are
limitations on the bandwidth and pattern of the traffic carried, for example video services would be
subject to severe compression at a fixed rate with no alowance for fluctuations in the information
content. A faster and more flexible network is required to carry the new services. Thisis in the course of
development and is called Broadband ISDN (B-1SDN).

2. BROADBAND ISDN

The design of an integrated services broadband network has been under study for a number of
years. A variety of switching approaches have been considered. These have been developed both from
packet and circuit switching and hybrids of the two techniques. After much discussion, the target transfer
mode for broadband ISDN has been agreed to be Asynchronous Transfer Mode (ATM)[2]. This is a
technique which uses short fixed size packets with fixed size headers in which all information is carried
and switched. The decision to use a packet switching technique has not been taken lightly as it can result
in complex switching equipment, but a major factor is its flexibility both for current applications and for
future as yet undefined services.

Advantages of circuit switching include guaranteed availability of capacity and constant delays.
These are very important for services such as telgphony. The advantages of a packet approach include the
facility to cope with a wide range of traffic speeds and source patterns, packet headers aso enable
different applications to be easily distinguished, and error detection and recovery to be carried out where
necessary. Packet techniques for integrated services have developed from a number of prototype high
speed Local Area Networks (LANS) which are dedicated to transmitting both voice and data traffic (e.g.
[3,4]). Conventional LAN techniques such as those involving contention are ideal for data but their
unpredictable delays are not suitable for voice traffic, thus techniques for guaranteeing bandwidth and
limiting delays are required.

Cell header (5 octets) Information field (48 octets)
Type - Header

Virtual address field cand :  error
Zpriority control

Fig 1. ATM cell format

The ATM packets are called cells and have the structure shown in Figure 1. (Note that one octet
comprises 8 bits.) The addressing information is contained in the header; a correspondence between
source and destination is set up when a call is opened, thus the addressing information carried with each
cdl is an abbreviated form of the full address (called the virtual address) which is occupies a small
number of bits. Where a service requires more than one cdl for an item of information, segmentation
takes place and the original item is reassembled from the sequence of

13 ST



Cells at the receiving end. In some cases one cell may be used for several streams of information
e.g. for a number of telephone calls between two sites) in this case the cell would consist of examples (of
say 8 bits each) from each of the telephone calls which would be reconstructed into the appropriate voice
stream at the receiving end. Further aspects of cell content and structure are discussed in Section 4.

3. MUL TI-SERVICE APPLICATIONS

An integrated service network should be capable of carrying existing services without
degradation. These include facsimile, electronic mail, file transfer, telephony and telex. It also opens up
the possibility of new applications. Such applications can be broadly divided into distribution services and
interactive services. Distribution services would include TV quality distribution, audio programme
distribution and security surveillance and could offer some user selectivity. Interactive services can be
further divided into conversational, message and retrieval services. Examples of conversational services
are videophones and videoconferencing. Messages could consist of text, audio information, high
resolution images or combinations of these. Information retrieval could be from audio, image or text
information bases or libraries.

One of the mgjor benefits of an integrated network is for services which make use of a variety of
communications media. For example a medical retrieval service might offer information as text with
supporting photographs, scanned images and spoken commentary. Multi-media conferencing involves
communication using voice, moving and still images with pointing devices. Another emerging service is
that of Computer Supported Cooperative Work in which people use the facilities of interconnected
computer systems to collaborate to solve a common problem. Thistoo caninvolve avariety of media.

/ Plane management function 4. PROTOCOL ISSUES
Clzgéml Uﬁ“ Any communication must follow procedural
P pane rules so that it can take place in an orderly manner
Higherlayers Higher layers: _and so that the inforr_natipn content  can be
protocols o) protocols and interpreted correctly. In circuit switched networks,
functions functions the end users must be capable of operating at the
same speed and must agree on their own rules. For
Adaptation layer packet switched networks, the situation is more
flexible and therefore inherently more complex.
ATM layer There are rules for defining bo_unplaries and content
/ of packet headers, for establishing calls and for
mai ntaining the correct transfer patterns during these
Physical medium dependent calls. These are called network protocols. Because of
layer their complexity, it is usual to divide protocol

functions into a layered structure, each layer dealing
with one particular aspect of communication. For
_ data networks, a model (the Open Systems
Fig 2. B-ISDN protocol model for ATM I nterconnection
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0OSl) Model) has been defined which has seven layers.

Layering is aso used for the protocol architecture model for broadband ISDN as shown in Figure 2. The
control plane is where the signalling (e.g. for call set up and closure) is defined. Management is necessary for
correct operation, monitoring and accounting and may need access to all layers. In the user plane, the A TM layer
defines the use of the fieldsin the A TM cell header. The adaptation layer provides for segmentation and reassembly
or for the combination of samples from different sourcesinto asingle cell as mentioned in Section 2.

The higher layers are not yet defined. There is a conflict here between keeping protocols simple to enable
high speed services to be run, and allowing for new features for an increased variety of uses. Simplicity may be
attained by condensing some problemsinto a single layer or by relying on the end users to sort out problems which
do not need to be overcome for al services. An example of the first for data networksis a protocol, XTP [5] which
condenses two layers of the OSI model into a single layer called the transfer layer and is thus amenable to fast VLS
implementation. An example of a protocol aspect which can be left to end users is error control. Error recovery is
not always required for speech communication as a received speech stream will usually be understood even with
parts of it are missing and a corrected sample may well arrive too late to be sensibly interpreted.

Integrated service networks must be capable of responding to a wide variety of Quality of Service features.
For example some services will need a certain amount of guaranteed bandwidth; others may be subject to a
maximum delay or require a low rate of packet error or loss. Services which combine a variety of media may need
different service qualities for the various media. Other features which may be needed are synchronisation (e.g. lip
synchronisation between voice and video streams), new approaches to fast delivery of data and the facility to
multicast i.e. to deliver the sameinformation to a number of destinations,

Research is taking place into these new protocol needs and an example for a small private A TM network
can be found in [6]. Here a call consists of a number of unidirectional connections each of which isfrom one source
to one or more destinations. Each connection will be of a given quality e.g. have a certain mean and maximum
bandwidth requirement or given delay constraints. Multicast is inherently avail able and facilities for synchronisation
and group management must be built on top of these basic service. By combining different connections with
different service qualitiesthereisa dightly increased overhead in setting up the calls but greatly increased flexibility
in the nature of the call and how the various connections are used.

5. CONCLUSION

There are many outstanding problems with A TM networks, but small prototypes are being built and
research is being conducted into protocols, performance aspects and design techniques. It is not clear how soon
national A TM networks will be available, but small scale trials should be with us soon and experience with them
should lead the way to the resolution of the major issues involved.
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Recent advances in long haul optical fibre transmission systems The paper will review in
general terms recent developments in long haul high capacity optical fibre transmission systems.
Advances in components such as optical amplifiers, sources, modulators and receivers will be briefly
presented together with a short discussion on their use in systems envisaged for future applications. The
paper will conclude with an overview of global optical fibre networks.
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ASTRACT

This paper describes a new satellite receiver which uses the high intermediate frequency
technique and integrated circuits, so at the interference of image frequency is restrained and the relative
demodulation bandwidth becomes wide. The production in large scale of this type of receiver
demonstrated the cost islow d the performances are stable.

In 1945A Clark suggested the possibility of the global communications by using three
geostationary satdlites in a 120 degrees impacting configuration. Since then satellite communications
have developed rapidly. In the part nearly 30 years satdlite broadcasting has resided in international,
regional and domestic satellite communications, but now turns out to be a redistribution system ,serving
million of communities and individual families via broad casting satellites.

To ddliver any new producing and processing techniques to thousands of families or other users
in variously needs the best transmission media and receive means.

The signal received from satellite is microwave, signals (C Band r Ku Band) via LNB amplified
and converted to Radio-frequency signal which input frequency is 950MHZ-1750MHZ, into the satellite
receiver. Thereceiver changes the radio-frequency signal to the, Intermediate frequency signal, and then
output the video signal. In general, the intermediate frequency is choiced to be 70MHZ, some receivers
are 140MHZ.

The scheme of this new satellite recelver is shown in Fig.l. The second intermediate frequency is
selected to be a High Intermediate frequency |F2=480MHZ for overcoming the image
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Fig.2 shows this spectrum. The band pass filter (BPF) does not
need to tracking tune.

Vs

480MHZ ~———+ e 4 8 OMHZ ——o|

fs, fL fimgl )CMHZ
Pig.2

Thethird harmonic of IF2 being 1440MHZ is able to be possible into the receiving band, and then
feedback to input to cause interaction. So that, it is necessary to shield exactly the limiter and
demodulator.

The bandwidth of second band pass filter determines of input signal to noise (C/N) of the
demodulator. In considering pre-emphasis, the based spectrum bandwidth calculated by Carson-Jingin's
rule

B= fmp-p+2fv+ f .. (1)
Where fmp-p -- peak to peak frequency deviation of main carrier wave

fv -- highest modulate frequency of image signal the ratio general, B can be
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f -- main carrier frequency difference caused by 25HZ energy extension signal

Obviously, it is more narrow than the bandwidth calculated by Carson's formula, performing over
frequency deviation receipt, so that increasing C/N as possible. However, if the bandwidth is too narrow,
some side band of FM signal must be cut to cause the effection e/N is decreased and the correspond pulse
noiseisincreased, the "cut-off" noise on the screen is presented. Also, the group delay feature worsen due
to produce the distortion demodulation wave. Therefore, the bandwidth can not be too narrow.

The sound surface wave filter (SAW) used in this equipment is better than the LC filter to obtain the
flat feature with good group delay feature, less intercrossing interaction modulation, less distortion, as
showninFig. 3.

Vs
LC filter
saW filter
arJ(MHZ
Fig.3
- ¢t il bl mA e~ A Aesian

In low C/N, the efficient method is to design the threshold extension demodulator with low
threshold level. The table 1 shows the threshold level of the demodulator decreased by threshold
extension technology.

Type FMFB | NTF | ILO | PLL CSFF | BNF

Threshold 2dB 2dB 2dB | 2-3dB | 4dB | >5dB
extension region

The threshold extension region of several type including the frequency modulation degenerative
feedback (FMFB), the narrow band tracking filter (NTF) , the injection limited oscillator demodulation
(ILO) , the phase locked loop demodulation (PLL) , the color sub carrier FM feedback (CSFF) and the
base band noise diminator (BNE) are listed. The BM-3 satdlite receiver selected Hi-intermediate
frequency for restraining effectively the noise of image frequency and obtaining larger threshold
extension region by the phase locked loop demodulator (PLL). The scheme of BM-3 new receiver used
integrated phase locked demodulator operated on 480MHZ is shown in Fig.4.

Since the phase locked loop possesses the capability tracking input signal, the output voltage of the
discriminator corresponds the change of the frequency of input signal. As long as design the loop
bandwidth to be enough wide for the voltage control oscillator can track the frequency defference hange
of input signal, the demodulation signal with frequency modulation can be taken out
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Thecircuit used this demodulator has large threshold extension region, simple circuit and low cost.
In BM-3 image processing circuit, the low pass filter is put behind the video amplifier for filtering
off the noise outside video band

For filter off energy extension signal, the clamper has used the syn-chronous peak transistor, so the
ratio of filter off vertual synchronous distortion less energy extension signal is more than 40dB.

In sound circuit, beyond the band pass filter with good feature, the demodulation circuit has used
the integrated phase locked loop to demodulate FM sound signal, and has designed the low pass filter
with 15KHZ bandwidth to increase the ratio of signal to noise (SIN) of output sound to enough high.

The switching regulater for a stable power supply is used for applying conveniently to large region
with big change of power supply.

The new methods utilize the high intermediate frequency technique threshold extension technique
and integrated technique, etc. so that is restrained the interference of image frequency and the relative
demodulation bandwidth become wide, that is good for decreasing the derivative gain DG, for decreasing
the derivative phase DP and for decreasing time delay DT, etc. And it is also to decrease the quantity of
components, to smplify the adjustment. Finally, the cost of receiver is decreased and the performance is
increased.

Acknowledgement: This work was partially supported by the national natural science Foundation of
China
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The M etropolitan Area Network
A Power ful New TelecommunicationsVehicle
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SUMMARY

The MAN is the next evolutionary step beyond the LAN. It provides voice and data communications. It
operates at speeds and across distances greater than a LAN and with more versatllity than today's public
switched WAN. This paper explores the design and technical requirements of a MAN, its compatibility
with the networks of today and those of the future, and the standards under devel opment.

THE METRO WIDE SOLUTION

The rapid penetration of personal computers into the office and workstations into laboratories
and factories has created a booming market for local Area. Networks (LAN). A LAN is a software
controlled, high bandwidth, medium-sharing, data communications network, spanning a limited
geographical area, and usually owned by the user. In contrast to LANS, the Wide Area Network (WAN)
is based on telephone industry technology and offers a unified view of the world. Data can be sent over
modems for long or short distances, and the equipment cost is comparable. But the speeds normally
obtainable by thus adapting telephone voice circuits to data communications are not optima for
computers.

Now consider a LAN-type technology that can provide city-wide high-speed transport for both
voice and data at speeds in the 100s of Megabits and higher; serve as a highly efficient bridge between
disparate LANS; provide a gateway for local and wide area networks; be compatible with FDDI, SONET,
the OSI model, ISDN/BISDN, and all 802-based LAN standards; serve as a central hub between public
and private networks by linking private nets to ISDN/BISDN and visa versa; run on any and all media but
be designed for fiber optic transmission; and be fully compatible with the existing Public Switched
Teephone Network. This is the Metropolitan Area Network (MAN) that is being defined by the IEEE
802.6 committee.

MANSs represent local area network technology optimized for the longer distance. The
metropolitan area network is an extension of the shared-access L AN, extended to the size of acity and its
suburbs. It is designed to take advantage of the great speeds possible with fiber optics. Typica MAN
traffic is expected to include LAN interconnection, graphics and digital images, medical imaging, bulk
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Data transfer, compressed video, conventional termina traffic, and digitized voice. Some
technical aspects of LAN technology must be changed, though much of it remains the same. A MAN
need not handle all the computer and voice traffic of a city. Rather it is an overlay on existing
communications facilities, one that can interconnect networks scattered throughout a city as well as the
large numbers of personal computers in businesses and homes.

THE STANDARDS: PROTOCOL AND TOPOLOGY

A dignificant distinction between a LAN and a MAN is in the area of privacy and security. A LAN is
intended to carry only data belonging to the organization that owns it. Operating on shared media raises
concern that competitors will potentially have access to a company's data or that disaffected customers
and employees may damage the system. Therefore the architecture considered assumes that the full MAN
will not traverse each customer's premises. The MAN is divided in effect into two networks, an access
network carrying only one customer's data and the transport network carrying many people's traffic
(Figure 1). Bridging between the two takes place off the customer's premises. It requires a central
organization to install it, operateit, and bill for services.

A good standard is crucial to MAN development, since interoperability between compute rand
telecommunications networks is a prerequisite to a successful launch of the new techno logy. Several
key require ments have been fashioned. These include a shared —
medium capable of operating over areas at least 50 kilometers|
in diameter, providing high speed packet data transmission and|
voice capability, as well as other services requiring guaranteedi e 1
bandwidth and constrained delay. A dual bus MAN employing| . P

Distributed Queuing Dual Bus (DQDB) access protocol was| / )
chosen by the 802.6 committee as the ideal networking| TELEPHONE
technology for a MAN operating in a public network. It|
performs more reliably and efficient 1 y than the other| |
protocols that were proposed. This is because its multilevel
priority structure, synchronization, and signaling are unaffected
by congestion.

o,
PLY. CENTRAL OFFICE

An access network carries one customer's data and
atransport network carries everyone's data.
Figure 1[4]

goo
I oon
—_— oo

|
|
|
|
|
i
|

|
|
|
|

DQDB isadual non-branching bus that may be looped into aring. It is nominally fiber-based, but
it can also use coaxial cable or even radio segments. The dual bus architecture shown in Figure 2 consists
of two lines or buses which carry traffic in opposite directions. Each node which connects to both buses,
has read and unidirectional write capability. Every node can communicate to every other node sending
information on one bus and receiving it on the other. In contrast to ring architectures, data does not pass
through each node. Nodes on the bus read the addresses of passing packets and copy data if there is an
address match.

DQDB permits a mixture of dots to be used for synchronous voice and asynchronous data traffic.

To accomplishthis, atiming patternisimpressed on the underlying transmission protocol. The

monitor station emits empty frames every 125 microseconds, corresponding to the voice digitizing rate of
8-bit samples 8,000 time per second. The synchrOnous slots are preallocated with each active
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Voice station on the ring assigned a byte position within DQDB ARCHITECTURE
the frame. No explicit addressing is needed because once
assigned, addressing is implicit in the byte position. This scheme
provides synchronous transmission with fixed bandwidth and
low delay. The even 1 y spaced transmission of bytes eliminates \
the need for buffering mechanisms. \

|

Data, inherently bursty, does not require the low delay |
or fixed bandwidth needed for voice traffic. While the |
synchronous slots required for voice traffic are preallocated, the ‘
slots used for data are assigned dynamically with the distributed |
gueueing mechanism. Thus for data loads, the network behaves \
more like a convention a 1 token ring. This arrangement pro- —

\

vides a flexible allocation of the bandwidth to both circuit- | Altheush o8 e P e s an bus.
oriented and packet-oriented traffic. | Figure 2 [7]

|

The DQDB protocol enables the network to operate at maximum efficiency at very high speeds
over unlimited distance, and there is never any wasted capacity with distributed queueing. Each
distributed queuing node keeps a current state record of the number of packet segments across the
network awaiting access. When a station has a packet for transmission, it uses this count to determine its
position in the queue. If no packets are waiting access isimmediate, otherwise deferenceis given to those
that are queued first. Therefore capacity is never wasted and minimum access delays at all levels of
loading is guaranteed right up to 100 percent utilization of the bus.

COMPATIBILITY WITH THE FUTURE PUBLIC SWITCHED NETWORK

The large area envisioned for MANS, as well as its ability to handle voice, places the MAN
squarely in the arena of public network providers. To make the MAN compatible with the public
network environment, the committee adopted the following goals for a MAN standard. The MAN should
accommodate fast and robust signalling schemes; guarantee security and privacy; permit establishment of
virtual private networks,; ensure high network reliability, availability, and maintainability; and promote
efficient performance regardless of size. In addition, the segment size was adjusted by the 802.6
committee to correspond to the voice digitizing rate of 8-bit samples 8,000 time per second, the telephone
industry standard 64 kbps voice channel, and a round trip delay of less than 1.5 millisecond. Therefore the
protocol provides for segmenting the traffic into fixed time intervals so that it can accommodate fixed-
bandwidth, low delay traffic such as voice. The dual bus network can operate with any synchronous
transmission interface including DS3, CCITT G.703, and SONET.

ISDN (Integrated Services Digital Network) is the current wave of the future offered by the Local
Exchange Carriers. Basic rate ISDN provides for two 64 kbps circuit-switched B channels and one 16
kbps packet data D channel. Primary rate ISDN is areinvention of T1, providing (in North America) 1.5
Mbps on a circuit switched basis, or (23) 64 kbps circuit-switched B channels and one 64 kbps packet
data O channel. Although current ISDN does not Quite meet the needs of data, the proposed MANS are
compatible with it. The synchronous channels can be
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Mapped into ISDN's B channels, as both are 64 kbps, full duplex digital channels. The packet dots can
interface to ISDN's D channel, although thereis a speed mismatch with ISDN's basic rate service.

For data communications, the next generation fiber optic based Broadband-ISDN (BISDN)
appears to be a better match. It promises services that complement, rather than compete with existing
telecommunications. It is packet-oriented rather than circuit-oriented. It offers the capabilities of medium
sharing and burst tolerance that computers need. And it provides for the wide area transmission that
LANs and MANSs lack. The combination of all of the facilities provided by the proposed MAN provides
a demand-based multiplexing that is ideal for BISDN. In addition, the MAC address has the same format
as the addresses used in ISDN and BISDN and the same header will be used by both standards. The fact
that ISDN/BISDN is intended for both voice and data has resulted in the specification of telephone
numbers for both types of services.

The use of common formats in the MAN and BISDN, as well as their common potential use of
ATM switches, will facilitate building gateways between them. As BISDN circuits become available on
an inter-city basis, they will likely become the interconnection choice between MANS, handling the
portion of corporate data and voice that requires wide area networking. The result of bridging MANSs via
BISDN isthat the user need not be aware of the MAN at all. Data can be sent and voice calls established
across town or across the ocean with the same procedures, providing seamless integration between the
two network types.

CONCLUSION

The information revolution's progress is usually measured in terms of memory size and
processing speed. But as these have increased so have the distances and speeds at which we can share
information. We have moved from individual PCs exchanging disks or using modems at 1200 bits per
second, to local area networks transmitting at up to 100 megabits per second, to dedicated wideband high
speed links that transmit information allover the world. But these dedicated links are currently available
only to a few, very large companies with sufficient intra-corporate demand to support an extensive and
expensive worldwide network. For the information revolution to take its next step in a way that most
businesses can use, a wideband, high speed, public network service that can connect business premises
within a single metropolitan area and that can provide WAN connectivity via the inter exchange carriers
extending beyond the metropolitan area is required. As such, Metropolitan Area Networks may one day
revolutionize the information industry.
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During the Gulf war a British journalist, speaking from the desert in Saudi Arabia, stated that we
do not need maps, we have satellites -- a statement that reflected a failure in communication on a
powerful technological development in communication. It seems appropriate, therefore, to outline the
form and nature of data provided by imaging satdlites, the manner in which this may be processed to
provide information on the environment, the role of interpretation in the evaluation of this information
and the roles of other techniques in the overall and coordinated assessment of the environment and its
resources.

The launch of the first environmental satellite— LANDSAT 1 -- July 1972 heralded the beginning
of a new technological erain the acquisitation of information on the earth's surface and its resources. The
onboard multispectral scanner, designed by the distinguished American scientist, Virginia Norwood,
acquired data in four discrete spectral bands, 0.5-0.6 um, 0.6-0.7 um, 0.7-0.8um and 0.8-1.0 um at a
spatial resolution of 79 metres. By acquiring data in the near infrared as well as the visible parts of the
electromagnetic spectrum the scanner provided additional information to that possible from conventional
aerial photography which is limited to the visible part of the spectrum. As technologies have advanced it
has become possible to image the earth. at longer wavelengths, to increase the number of spectral bands
and the spectral resolution and to acquire data giving a greater spatial resolution. The constraint is that of
data handling for the greater the spectral and spatial resolution the greater the amount of data to be
handled. Currently the two most important satellites for acquiring data on the earth s environment and
resources are the LANDSAT THEMATIC MAPPER launched in July 1982 and the French SPOT
satellite launched in 1986. the former acquires data in six spectral bands at a spatial resolution of 30
metres and in a thermal band at a spatial resolution of 120 metres. The latter acquires data in three
spectral bands with a spatial resolution of 20 metras in colour mode and of 10 metres in black and white
mode; it also accords the possibility of stereoscopic cover in black and white mode. Military satellites
targetting or: small areas provide data with a much greater spatial resolution while the scanners mounted
on aircraft provide data at desired spectral and spatial resolutions; This may be in a very large number of
channels and at very high spatial resolution.
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The data from the satellites and from scanners mounted on aircraft platforms comesin the form of
computer compatible tapes and has to be programmed through digital image processors to yield
information on the earth's surface. Because it comes in this form, however, it is possible to generate
colour composites by combining the data in individua bands through red, green and blue filters, to ratio
the data in the different bands and to generate colour composites of the rationed bands by displaying them
through the red, green and blue filters, to subject the dala to principal components analysis and generate
colour composites of the principal components and to employ classificatory and decor relation analysis
techniques followed by display as colour composites. The use of these techniques makes possible the
extraction of the maximun information on the earth's surface. Neither the satellites nor the scanners
mounted on aircraft provide ready made information. The data has to be processed and the processed
outputs have to beinterpreted for the preparation of maps of the terrain features.

Interpretation of the outputs generated from the satellite and aircraft data requires a knowledge of
the rdationships between the spectral responses of the individual components of the earth's surface --
notably vegetation, bare soils, exposed bedrock -- under different climatic conditions and in different
types of terrain and the colours displayed on the outputs. Since most of the earth's surface is covered by
some form of plant growth, vegetation is particularly important. For correct interpretation of the outputs,
knowledge of the vegetation and of its relationships to soils, geomorphology and especially to bedrock
geology is essential. For example in desert and semi desert areas, saline tracts in which after sporadic
rains vehicles may become bogged are, according to the combination of spectral bands and filters,
displayed in colours that are distinct from those revealing areas of calcrete which affords a firm substrate.
(Cole 1985) On the ground each type of terrain is discriminated by the presence of distinctive plants that
are unique to it. Areas underlain by the weathering product laterite, that also provides firm ground, are
likewise distinguished from sandy terrain.

My Own research has focussed on the use of remotely sensel imagery and geobotany for
geological mapping and of these techniques together with geochemistry and biogeochemistry and an
understanding of the geomorphology in mineral exploration. The emphasis has been on the
interdisciplinary approach and the integration of the several techniques at appropriate stages. This may be
illustrated from work undertaken in different environments in different parts of the world.

The first example is from work carried out in the 1967-7] period before the advent of muilti
spectral imagery and of imaging satellites. This work was undertaken on the western fringes of the
Kalahari Desert in Botswana and Namibia. The objectives were to locate, beneath cover of sand and
calcrete, the continuation of the Proterozoic sedimentary sequence of rocks that in Katanga and Zambia
host important copper deposits and to identify areas of copper mineralization. ( Cole and le Roex 1978)
The initial techniques were aerial survey and geobotany. As seen from the air the nature of the vegetation
and the paralel alignment of trees and shrubs correctly suggested presumed contacts of different
lithological units and the near surface presence of the sedimentary sequence whereas different forms of
vegetation with random distribution of trees and shrubs correctly suggested areas of calcrete and/or deep
sand cover. Subsequent traversing across the inferred orientation of the presumed near surface
sedimentary sequence identified areas of anomalous plant cover correctly considered to indicate toxic
ground related to copper mineralization. Trenching and drilling established the presence of copper
deposits in several areas, with those in Botswana being delineated by a different plant

26 ST



Species from those in Namibia. Geological mapping was undertaken by interpretation of air
photos and by ground reconnaissance, in both cases based on and assisted by studies of the vegetation.
Evaluation of outputs genera tad from LANDSAT and SPOT imagery when these became available
showed that these effectively displayed in distinctive colours the discrete geological units where near
surface, revealed faults and fold structures within the sedimentary sequence, distinguished send dunes and
areaas of deep sand, discriminated areas underlain by calcrete and portrayed major drainage lines and
pans. (Cole 1982, 1988, Cole et a 1986) Some of the lines cut through the vegetation during the
exploration work in Botswana were also discernible. Had the multi spectral imagery been available when
this work was undertaken it would have assisted greatly the programming of fieldwork and reduced the
timerequired for geological mapping? it would no t have lessened, however, the need for the geobotani cal
input and the reconnaissance ground traversing which succeeds in locating the cooper deposits.

Investigations undertaken over the Thalanga zinc-lead.-copper deposit near Charters Towers,
Queensland, Australia in 1980 provides an example from a different geographical environment in which
the contributions from the several techniques differed from those in Namibia and Botswana. Within the
savanna woodlands of this area different Eucalyptus tree species distinguished the different geological
units and Eucalyptus tree species different from those of the background vegetation revealed the presence
of the ore zone. (Cole 1991, press) This change could not be identified on Outputs from LANDSAT or
SPOT imagery, largely because the leaves or Eucalyptus trees hang vertically downwards and hence their
spectral responses are similar. The gossans or iron cap produced by weathering of the ore body where
exposed at surface, however was uniquely displayed on outputs of SPOT imagery by a distinctive colour.
Different geological units could be differentiated only with difficulty because of the similarity of the
spectral responses of the different Eucalyptus species but drainage lines and fences were readily identified
and provided useful reference features for mapping. The anomal ous Eucal yptus species that distinguished
the exposed ore zone continued sporadically over the inferred extension of this zone where overlain by
considerable thicknesses of soil, overburden and flat lying Tertiary sedimentary rocks. Here
biogeochemical techniques involving the analysis of samples of leaves and twigs of Eucalyptus trees
collected along transect lines orientated across the inferred extension of the ore zone effectively located
the subsurface presence of this zone whereas outputs generated from remotely sensed imagery,
geochemistry and geophysics, because of the nature of the terrain, failed to do so.

The importance of the understanding of the geomorphology of the terrain in the interpretation of
multi spectral imagery and of anomalous vegetation cover in the detection of mineral deposits may be
illustrated from studies over the Coed-y-Brenin porphyry copper deposit in North Wales (Cole et a 1986)
and the Yedirrie uranium deposits in Western Australia. (Cole 1985) In Coed-y-Brenin forest a series of
small geobotanical anomalies occupy seepage sites around the periphery of the porphyry copper deposit,
their presence related to the toxic conditions emanating from ground waters that have circulated over the
deposit and precipitated their copper content in peat developed over glacial deposits that are a legacy of
the Quaternary lce Ages. The largest geobotanical anomalies, notably that over Dolfrwynog bog, are
detectable on outputs of the high resolution SPOT imagery and of the higher resolution airborne Multi
spectral imagery. The anomalies do not occur over the copper deposit, the detection of whose presence
required interpretation of their distribution, with reference to geomorphology. The formation of the
Y eelirrie uranium deposits depended on the juxtaposition of drainage from granite containing uranium
and potassium and
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Ultra basic rocks yielding vanadium and the precipitation from these waters of these minerals in
calcrete along old drainage lines transverse to the geological strike. The different geological units and the
geomorphological features arereadily distinguished on outputs generated from LANTDSAT imagery and
the uranium deposits are uniquely displayed.

For geological mapping and mineral exploration the interdisciplinary approach and an
understanding of the environmental features contributing to spectral responses, notably vegetation, soils
and exposed bedrock is critical in theinterpretation of multi spectral imagery. this type of imagery can be
used For many other purposes such as the discrimination of geological faults likely to be the sites for
earthquakes and of areas of volcanic activity, the identification and assessment of forest resources and
the monitoring of the destruction of tropical forests, the identification of agricultural crops and. the
estimation of crop yields, the monitoring of drought and the advances of desertification. In every useitis
important to emphasize that multi spectral imagery from satellites and. aircraft platforms provides a
powerful tool but does not provide a ready made picture. The data has to be processed and the outputs
generated through digital image processors must be interpreted with reference to ground truth
information.
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1. INTRODUCTION

Echo is the phenomenon in which a delayed and distorted version of an origina sound or signal is
reflected back to the source. The echo canceller must accurately estimate the echo path characteristic and
adapt to its variation. This involves the selection of an adaptive and an algorithm for the adaptation. The best
selection depends on particular application and on perf ormance requirements.

This paper examines the various situations in which echoes are generated. Then, echo path modelling
techniques and adaptive algorithms for coefficient control are reviewed in particular, those used in
telecommunications. Two adaptive algorithms have been investigated, namely, the least mean sguare
stochastic update algorithm and the fast Kalman algorithm. Computer simulation results will be presented as
well as discussion of factors influencing the design and implementation of their associated hardware.

2. BASIC PRINCIPLE

The telephone network generates echoes at points within and near the ends of a tel ephone connection. A
starting point on echo terminology is given in Figure 1. Echo is generated at the hybrid transformer used for
two-wire-to-four-wire conversion. At end-to-end connection of the current telephone network consists of both
two-wire links, as in a subscriber loop, and four-wire links, as in a long-haul repeater link. A hybrid
transformer is used at the connection point, and due to imperfect impedances matching, echoes are generated
as shown. An echo canceller placed on the four-wire side combats these echoes as shown in Figure 2. The
echo canceller first estimates the characteristics of the echo path, and then generates a replica of the echo. The
echo is then subtracted from the received signal. Adaptive Digital Filtering (ADF) is required to obtain a good
echo replica; since the echo path is usually unknown and time-varying.
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3. FILTER SELECTION

The adaptive Finite Impulse Response (FIR) filter, also referred to as a tapped delay line, is by far the
most widely used. The convergence property of the coefficients to optimum vaue is well understood.
However, as the echo duration becomes longer, the number of taps increases proportionately and the
convergence speed decreases. For example, the echo duration for telephone speech transmission is usually
several tens of ms, and the required number of taps is of the order of several hundred. For Satdlite
transmission systems, which have round-trip delay of about 550 ms, a straightforward FIR implementation
requires more than 5000 taps and results in a prohibitively complex hardware.

Research is currently going in several directions in an attempt to find new filter structures that reduce
complexity and improve performance.

4. ADAPTATION ALGORITHM

The algorithm chosen for adaptation is largely a trade off between complexity of implementation and
speed of adaptation. There are generally two measures of performance of an adaptive echo canceller: the
speed of adaptation and the accuracy of the cancellation after adaptation. In most instances, the accuracy of
thefinal cancellation of the echo is the most critical design factor.

The two basic categories of algorithms for echo cancellers are shown in Table 1. A brief description
highlighting the most important features will now be given.

Table 1 Adaptation Algorithms and Characteristics

Algorithm Characteristics

Least Squares (LS) method - Calculation of tap coefficients, which minimize the squared
error summed over time

Fast convergence speed independent of input signal

Large computation number

Least Mean Squares (LMYS) - Gradient tap adjustment to reduce the estimate of error
method . Convergence speed dependent on input signal
Small computation number30 ST
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The first algorithm is called the Least Squares (LS) algorithm and is closely related to the Kalman
filter control theory. It is based on the minimisation of the LS cancellation error over the choice of adaptive
filter parameters, with a weighting function decreasing exponentially into the past to give the algorithm finite
memory. The advantage of this algorithm is fast convergence, irrespective of the correlation characteristics of
the input signals. However, obtaining the optimum coefficient value involves computation of the inverse
matrix and results in complex implementation. There are several algorithms proposed to smplify this
computation, such as the Fast Kalman method.

The other adaptation algorithm is the Least Mean Squares (LMS) algorithm. Here, the criterion
function is taken to be the expected value of the squared error, and the tapes are adapted according to the
stochastic steepest descent algorithm. The LMS algorithm is widely used due to its comparatively easy
implementation and its well-established stability characteristics. Its major drawback is the dependence on
correlation of the reference signal; the convergence slows for highly correlated signals such as voice. In some
applications with alarge number of taps, the use of a whitened training signal or a pre-whitening filter such as
the lattice structure, linear predictive filter becomes necessary.

5. SIMULATION RESULTS

The above mentioned two adaptation algorithms have been used in computer simulation to investigate
several (EC) design considerations, such as the speed of adaptation, the effect of near and far-end signals, the
impact of signal levels and spectra, and the impact of nonlinearity.

The software for the simulation was written in C programming language and compiled using a Turbo C
V2. 0 compilers. All of the calculations were performed using double precision floating point numbers to
reduce the effects of rounding noise. Pseudo random data was generated using the compilers internal random
number routines. Figure 3 shows a comparison of convergence rates of LM S and Kalman algorithms.

Figures 3, 4, 5 and 6 sample some of the results obtained during the opti misation process.
6. ALGORITHM TEST HARDWARE

The algorithm test hardware (Figure 7) is based around an AT& T DSPI6 digital signal processor which
provides data generation, control signals, and digital domain processing. The digital signa processor has an
internal pseudo random data generator which is used to produce a random transmitted data sequence. This
data is then used to set the gain of an amplifier at either +1 or -1; the gain can be adjusted so that the positive
amplification is equal to the negative amplification, ensuring a balanced data signal. The input to the amplifier
is taken from the reference voltage of the analogue to digital converter. Thus the maximum transmitted
voltage is equal to the maximum analogue signal that can be converted before the analogue to digital
converter saturates. The output of the amplifier is passed through a low pass filter and then sampled by a
sample and hold circuit, prior to being digitised by an analogue to digital converter. This value is then strobed
into the digital signal processor.
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The value of the origina transmitted pulse is stored, in a 16 bit wide sample, in a delay line along with
the past N-I echo cancdler. These samples are then multiplied with their corresponding 16 bit filter
coefficients to produce the output of the echo canceller. This value is subtracted from the incoming 16 bit data
sample, from the analogue to digital converter, to produce the error value. The modulus of this value is
compared with a threshold to determine if the echo cancdler has achieved a certain level of echo cancellation.
If the error is greater than the threshold then the converge pin is set high, if the error is below the threshold
then the converge pin is set low. The error value is then multiplied by alpha (the convergence constant) and
this added to thefilter coefficients. The next transmitted symbol is generated and the process repeated.

7. SUMMARY
This paper described the principles, applications, algorithms and technology of echo cancellation. New

applications of echo cancellation, such as the elimination of acoustic reverberation, noise cancelling in hands-
free mobile telephones, are currently being studied.
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Scientific Visualisation - The Graphical Presentation of Computed Data
Monica Dawson

Leicester Polytechnic, Leicester, England

SUMMARY

Scientific visualisation is a way of helping scientists to understand computed results.
Representations for numerical optimisation and microwave device modelling are discussed. The major
conclusion is that the data must be shown in a way that is meaningful to the scientist. A prototype
interactive display for microwave device modelling is shown.

INTRODUCTION

The theme of this conference is ‘Communication’ and this can mean different things to different
people. In the world of physics and electronic engineering it would be interpreted as telecommunication.
In the advertising | world it would be considered to be the means of conveying ideas, images and,
product information.

In this paper, the interpretation of communication used combines both the .eectronics angle by
describing the modelling of electronic devices at microwave frequencies, and the human communication
angle by discussing ways in which computed results can be conveyed to the researcher to enable their
understanding of the results.

SCIENTIFIC VISUALISATION

Scientific, and indeed all other, applications using computers can now produce vast amounts of
data which cannot easily be assimilated. Scientific visualisation has been hailed as the breakthrough in the
presentation of complex computed results. The aim is to present data in a readily understood graphica
form. Examples of scientific visualisation can range from simple line graphs or histograms, such as can be
produced by most spreadsheets, to three-dimensional solid models of data which are rendered making full
use of colour and highlighting models and even animated to show how the data varies with a fourth
dimension, usually time.

Two dimensional data can easily be visualised as a graph or histogram. If the data is three-
dimensional, most people can imagine a 3-d graph or model, either in wire frame or as a solid model or as
a contour map. The use of
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Colour can emphasise one of the variables, such as the height in a contour representation, or
colour could be used to overlay a further data variable onto the 3-d model. Alternatively, additional
data can be represented by additional lines overlaid on the model. Another dimension, such astime, can
be represented by using animation. However, it is easy to recognise that multidimensiona data is
difficult to display graphicaly and this paper attempts to highlight one application where
multidimensional data is to be visualised.

The production of effective visualisation requires that the designer has knowledge of computer
graphics techniques, human visual perception, human knowledge and information processing, human-
computer interaction techniques, data analysis, interpolation and graphic design, in addition to an
understanding of the science, or at least an understanding of what the scientist would like to gain from the
results displayed. The scientist or engineer would also want to control and guide the data that is being
visualised and so human interaction with the display is an important part of scientific visualisation.

OPTIMISATION

Numerical optimisation is a technique which can be utilised in many sciences and which produces
vast amount of data. Basically optimisation is used to find the values of a set of variables at which a
function or several functions are at a minimum or maximum. There are many algorithms available. Two
classes of algorithms are

(i) Gradient descent methods such as the Newton Raphson method which calculates and uses gradient
calculations to indicate corrections to be added | to each variable to produce a 'better* value

(i) Random search and pattern search algorithms such as the Simplex method of Nelder and Mead [1)
which home in on the maxima or minima after evaluating the function at selected variable values.

Using the supposition that use of scientific visualisation techniques might enable understanding
and perhaps control of the optimisation of functions, prototypes were developed for displays using an
algorithm of class (i) above.

Looking at graphs and histograms of the variables and functions, the results showed features
that had not be seen before when ssmply looking at printouts of the results. In that sense the
visualisation was successful. The main surprise was the sudden and rapid increase in the values of one
of the variables and one of the functions just prior to the equally sudden and rapid decrease in all of
the functions. This was an unexpected result and whilst it could be understood by using an analogy in
say, geography, where a deep valley lies beyond the next rise, the possibility of predicting and
controlling the progress of the optimisation technique using graphs of this type was thought to be
unlikely.

A better representation of the functions, therefore, was thought to be by colour rendered contour
maps. This would be of particular use in random search techniques. However, contour maps consist of
height information displayed as a function of two variables. The problem being used as an example
consisted of 8 functions of 8 variables, where the 8 functions were reduced to a single sum of squares
function to be minimised.

In this case therefore, a 'multi-layer’ view could be used. This uses several stacked contour maps
showing the sum of squares function against pairs of variables. An image of the function in relation to all
of the variables is then possible. But bearing in mind that the aim of visualisation isto aid understanding
of the science, it was obvious that seeing
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These different views of the function did not achieve this aim.

One of the reasons for this was that the data was being displayed simply as data without any
reference to the science. Therefore, if the aim of visualisation is to understand the science then a more
effective way to promote this is to ensure that the representation of the functions and variables is one that
is more relevant to the researcher.

Thisis, in fact, one of the major rules in designing a human-computer interface: "Know the user”,
Hansen [2].
DEVICE MODELLING

The author's interest in numerical optimisation stems from research into the production of
equivalent circuit models of microwave devices [3]. As described in the paper cited, equivalent circuit
models are automatically developed from an initidl model proposed by the user. The optimisation
attempts first to optimise the element values of the original model to match as closdy as possible the s
parameters of the device to be modelled. Further improvements to the model are then effected by the
algorithm automatically inserting and deleting elements in the model, using the optimisation algorithm to
adjust the element values in the whole model as necessary. Thus, a series of new models evolves from the
initial model.

The agorithm is driven by the optimisation process, always aiming for the most rapid
improvement in the match between the measured s parameters of the device and the calculated s
parameters of the model. Hence, the type of devel opments shown in figures la and Ib is possible. Whilst
the final result gives a good match between the model and the device, the engineer might not like or
understand the model.

— I the model is being developed
e o to aid the engineer's understanding of
the device, rather than to use in some

! ‘ =1 ]
‘ 1 ﬁ f—rmhjn ™  CAD program, the stages in the
—-_L [ = i?
";_ —

i M4 ,‘ = development of the model should be
T \0T T \| L more under the engineer's control. The
e L | . i engineer might wish to study the
é j i U ﬂ F automatic stages in more detail or,

]

1 more likely, the engineer would like to

specify which type of component, its

\ initial value and position in the circuit,

L the computer program should attempt

to insert into the circuit. The ability to

Model using minimur Fig lo  Model giving best fit to hold element values constant and vary

V the value of just one element whilst

displaying the effect of this on the s

parameters is also seen as part of this visualisation approach. Thus the engineer would be able to learn
about and understand the devel opment of the new models.

numicer of elements s parameters
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The prototype shown in figure 2 is presently under development to perform
this visualisation.
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CONCLUSION

This paper addresses some of the problems in the design and development of scientific
visualisation. Some excellent work has already been done in this field enabling scientists to understand
the results of computations. However | there is still much work to be done, particularly on suitable
representations’ of multidimensional data.

The skills of graphic designers and of experts in human-computer interaction and computer
graphics are necessary to develop suitable visualisations. In accordance with the basic principles of
human-computer interaction, scientific visualisation should use representations which are meaningful to
the scientist, rather than simply displaying the data as numerical data.

The prototype shown for the development of equivalent circuit models of microwave devices
offers the opportunity for engineers to develop and understand new models and to understand the
operation and design of the devices themselves.
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Speaker Verification - Security for Remote Computer Access

Amanda M oody

Ensigma Ltd., Chepstow Gwent, U.K.

1 Summary

To avoid unauthorised access, current remote database systems rely on Persona Identification
Numbers (PINSs). More secure access control is provided by Speaker Verification. The system holds a
template which describes the characteristics of a valid user's voice. When system access is requested, the
Veifier matches the user's voice against the stored voice template. A good match results in the user being
granted access to the system.

2 Technical Overview
Ensigma began work on the Verifier in January 1990 and filed a patent on the technology in October.

In the past, speaker verification systems have not been able to achieve the required levels of performance
required by many applications. A recent report from Sandia Laboratories quoted figures of 5% false
reection rate and 3% false accept rate for currently available speaker verification systems. A major
problem has been that of setting the decision threshold. There was a constant tradeoff between setting the
threshold high enough to prevent impostors gaining access to the system but low enough to give a very
low 'insult rat€ i.e. rejection of valid users due to variations in the way in which they speak or variations
in background noise.

Ensigma have solved the problem of Speaker Verification in an entirely different way. Instead of
matching a speaker's voice against a single template and then making a decision based on threshol ding,
Ensgma’s system compares the voice against two models. One of these models is built for the
characteristics of the specific user's voice while the other is a general model for the word spoken (like a
speaker independent model in speech recognition). The -decision to be made is then whether the
utterance matches better to the user model or the: world model. If the best match is to the user modd,
then the speaker's identity is validated and access is granted. If the best match isto the world model, then
the speaker is judged to be an imposter and access is denied. This method has proved to be far more
robust than the traditional approach, for example it isfar more tolerant of background noise.
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3 Perfor mance

The performance design aim of Ensigma's Speaker V erification system was to achieve equal false
accept (ie allowing access to an imposter) and false reject (ie refusing access to a valid user) rates of less
than 1%. Testing of the false rgect rate shows that the aim has been achieved - in internal tests, 1
regection was noted in 600 trials. However, it has been difficult to give a true figure for the false
acceptance rate - as no one has yet been able to gain access as an imposter.

The characteristics of a speaker's voice are largely dependent on physical characteristics of the
vocal tract together with information about the speaker's accent and manner of speaking. For this reason,
the mogt difficult test to which the Verifier has yet been subjected was to differentiate between a pair of
identical twin boys. The boys were 15 years old and had grown up together with the same influences on
their accents. A series of tests recorded no fal se acceptances and no false rejections for the twins.

4 From Laboratory to Real World

The availability of a suitable verification algorithm is only the first stage in the design of a successful
verification system. There are several factors which can adversely affect the perceived performance of
such systems. Several of these issues have been discovered and resolved as a result of discussions with
users and trials at customer sites.

- The major security threat to a high performance Speaker Verification system is that of a user being
recorded speaking his password and an imposter gaining access by replaying this recording.
Ensigma have tackled this problem by avoiding the use of a password. Instead, the system works by
requesting the user to speak about five digits. The ordering of the digits is random in order to make
it difficult for an imposter to play back arecording of avalid user gaining access to the system.

In order for an imposter to gain access to the system, he would need to:

1. Discover avalid user's PIN number (or other means of initial identification)

2. Record the chosen user speaking all of the possible digits

3. Devise a system which could play back a voice recording in the correct order within the time
limits

- Although for applications which require a very high level of security, the ability to prevent
impostors from gaining access is of the greatest importance, the concern expressed by many
potential users of biometrics is not how good a system is at rgecting impostors but how low is the
'insult rate’ - i.e. the percentage of valid users which a system rejects. It is important to recognise
thisfact and to discover which issue is of greatest concern to a customer when designing a system.

- Before a new user accesses the system for the first time, he must be enrolled. During this process, a
series of samples of his voice are collected and templates built for each of the words to be used by
the verifier. Five samples of each word are required.
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In order to enrol a user for al of the digits, it is necessary to collect samples of him speaking each
digit five times giving a total of fifty utterances. Although this only takes two minutes, many
users find it tedious. In addition, the enrolment environment needs to be reasonably quiet. One
type of background noise which has been observed to adversely affect performance is the clicking
of computer or typewriter keys.

Both of these problems can be greatly reduced if enrolment is by speaking continuous strings of
digits rather than isolated utterances. It's much easier to speak ten five-digit strings than to speak
fifty isolated digits. If the word models are then built using embedded training techniques, the
model building algorithm is forced to examine the digit string in order to find the specific words
requested. Using this method ensures that any spurious noises such as clicks or lip smacks are not
built into the models.

If a mistake is made, for example speaking the wrong digit, then the template built for that digit
will be poor and, although the system is robust to this sort of error occurring once or twice,
performance will be degraded. In addition, mistakes of this kind can confuse the user who is not
sure how to correct his mistake. By designing the application so that recognition is run in parallel
with enrolment, the utterances spoken by the user can be checked as he enrols. This ensures that
the models are built using the correct utterances and can give the user a chance to correct any
mistakes which he has made.

There are several ways in which the enrolment process can be disguised or avoided altogether. For
example, samples of a user's speech could be collected through a game, competition or other
guestion and answer session the first time they access the system.

An idea which is popular with bankers is to have no formal enrolment stage. They are willing to

introduce some risk in order to increase the ease with which the system can be used by their customers.
Under this system, thefirst few times a customer uses the service, the operations which they can access
are limited to those presenting low risk. The data collected from the customer speaking their account
number is used to collect samples of their voice. When sufficient samples have been collected, a model
isbuilt which isused in subsequent sessions to verify theidentity of the user who is now allowed access
to more sensitive operations.

5. Applications

Speaker verification is particularly applicable to remote security problems due to the widespread

use of the telephone. However, there are several other application aress.

Current methods of local access control include keying in a PIN to a door lock or identifying

yourself using an identification card carrying a photo and signature. These methods are open to corruption
as ID cards can be forged and an imposter can find out a valid user's PIN by watching him entering the
number at the access point. In addition, the PIN number can fall into the wrong hands through the valid
owner writing it down or the imposter intercepting the valid user's mail.

There are now several biometric devices around, i.e. devices which identify a user by means of

some personal characteristic, the most popular being voice, fingerprint, retina pattern or signature.
Although some of these techniques can give a high level of performance, there are
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Associations which users find unacceptable. Fingerprint identification is unpopular among some
user groups due to the associations with criminal investigations. The retina pattern is an accurate method
of identification, however it is an expensive system and there have been fears voiced about some safety
aspects. Signature verification units may have a place in point of sale transactions as people are used to
signing for goods received however, in many other situations, people find it more natural to identify
themselves by speaking.

Remote access of computer databases and physical access control are standard applications of
verification technology. However, potential customers are discovering that speaker verification can
address their problems in dightly more unusual application aress:

- An ever increasing amount of personal and confidential information is being stored on portable
and notebook computers. Speaker Verification can be used to control access to senstive
information.

- Although speech technologies are usually regarded as being applicable only in highly developed
countries, one application has come from a less sophisticated market. VVoice can be used to verify
the identity of people who areilliterate (and are therefore unable to sign their names).

- We have been approached by a company which develops PC based training packages.
They are interested in the application of Speaker Verification to the problem of ensuring
that only one user is able to use a single user licence.

6. Conclusion

This paper has described Ensigma’s Speaker Verification system and discussed how it differs
from other commercially available systems. As a result of the approach which Ensigma has taken, the
speaker verifier is more robust than other systems and achieves a higher level of performance. Common
problems experienced when taking speaker verification out of the laboratory and into the real world have
been explored and a range of applications of the technology discussed.
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University of Southampton, Southampton, U. K.

The "1% International Submarine Races" were held in June 1989 at Riviera Beach, Florida. This
was a competition for small submersibles, propelled by human power and designed to race around a 1
kilometre course at 7 metres depth in the ocean. The event was organized by the Ocean Engineering
Department at Florida Atlantic University and the H. A. Perry Foundation; through the specification of a
human power source, it was intended to encourage technical advances in the hydrodynamics, propulsion
and life support systems of subsea vehicles.

Each submarine carried a crew of two people, a pedaller (who produced propulsive power) and a
pilot (who was responsible for navigation and safety). Since the submarine was fully flooding, the crew
depended on SCUBA for their life support, which prevents normal speech communication. Visual
communication between the crew was not feasible, because of the internal arrangement of the vehicles.
Therefore the submarine designers were forced to invent alternative means of transmitting essential
information between the crew. This paper will review the various solutions to the problem which were
used by competitors and compare their effectiveness.
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Engineering Applications of Colour Image Processing (043)
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CUSROW, Wadia Ingtitute of Technology, Poona, India

Image processing has been an important science for the last decade which has many engineering
applications. The paper discusses image processing fundamentals, image capture and display. Some
important parameters, e.g. spatial resolutlon, spectral balance, are explained. Illumination is an important
area in colour 1mage processing which is studies extensively [1]. Colour is represented in basic RGB
systems. Converting into fraction and HLS coordinate systems provides some advantages. Shading effect
due to non-uniform illumination is avoided using fraction transform. HLS transform is near to human
visual systems for colour recognition systems. A comparatlve study of these two non-linear transforms
with presentation of results is given. Segmentation is a process which is used to separate an object from
its background. Results of segmentation for different samples such as colour resistors, printed packages,
are presented using colour image processing.

Colour image processing has a number of applications. Some of them are satellite 1mage
processing, automatic alignment of television recelvers, medlcal applications, print quality inspection,
surface inspection of engineering materlals and their destructive testing, classification and component
identification in industrial applications. Some aspects of these are mentioned in the paper.

[1] Joshi, M.A. 1990. Colour Image Processing and Studies of Colour Transforms. MSc thesis (UMIST).
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M odern Communication and Standard Time and
Frequency Signal Dissemination

Mithlesh Saxena, P. Banerjee

National Physical Laboratory, New Delhi, India

The technology originally developed for communication was utilized for time and frequency
dissemination. At the same time the modern communication with high traffic density and fast data rate
would not have been possible had there been no development of very precise and highly stable frequency
source of clock. The mutual co — existence of the time and frequency activities and modern
communication technologies is awell realised fact.

The paper describes the different methods of standard time and frequency signal (TFS)
dissemination and their: apability of frequency comparison. It is of interest to note: hat the main emphasis
in the design and development of radio communication art is on the improvement of retrieval of massage
guality in the face of pressing traffic demand; wide coverage economic viability etc, whereas in STFS
dissemination the main emphasis is on the improvement of accuracy of transfer of time and frequency
information. The merits and demerits of different STFS dissemination methods have been discussed on
the basis of the advantages and disadvantages of modern radio communication using similar frequency
band. It has been seen that the consideration which are of primary importance of achieving better
accuracy in STFS dissemination may not be of much or any relevance for quality of message retreival in
radio communication and vice versa.
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TheWork of the Telecommunications Vocational Standar ds Council

E. S. Eldridge
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SUMMARY

This paper gives a brief historical outline of National VVocational Qualifications (NVQs) and the
Tdecommunications Vocational Standards Council (TVSC). Following this detail of the work of the
TVSC will be covered together with an outline of the methodology used to develop an NVQ.

INTRODUCTION TO NVQs

The initials NVQ stand for National Vocational Qualification. These qualifications are a recent
Government initiative which is aimed to ssimplify the qualification jungle which currently exists. They are
designed to be qualifications that satisfy the requirements of industry. This will be achieved by industry
lead bodies (ILB) for each industrial sector. The ILBs are required to involve industry in all stages of
standards development and check that the final qualifications from A warding Bodies support their
standards. All areas of industry and every career strata will ultimately be affected by the introduction of
NVQs.

In order to progress the idea of NVQs throughout England, Wales and Northern Ireland and
maintain a common high standard the Government set into being a body entitled the National Council For
Vocationa Qualifications (NCVQ) in 1986. This body is responsible for accreditation of standards
produced by ILBs and/or qualifications produced by awarding bodies which have ILB approval. NCVQ is
also responsible for auditing the implementation of qualifications into the workplace. The accreditation
that NCVQ givesisfor amaximum of five years.

As the education system in Scotland is historically different thereis a different body responsible
for vocational qualifications there and it is called SCOTVEC. At the time of going to print TVSC
are awaiting SCOTVEC'S decision on the accreditation of SVQs for our current qualifications and
whether TVSC can be an A warding Body north of the border. SCOTVEC, unlike NCVQ, is both an
accrediting and A warding Body.

An NVQ should clearly indicate competence in employment. Competence does not just involve
the possession of certain knowledge or skills, but must include the ability to apply and transfer them to
new situations within the occupational area. It encompasses organisation and planning of work,
innovation and coping with non-routine activities. 1t includes those qualities of personal effectiveness that
are required in the workplace to deal with colleagues, managers and customers.
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Therole of determining statements of competence for each occupationa area is given to experts
from the appropriate sector of employment. Representatives of employers, trade unions and professional
bodies work together with ILBs to decide what statements of competence are necessary and the level of
performance required. This employment-led standard setting process is crucid. It not only ensures that
NVQs are relevant to work but also that they are recognised by employers as an indication of an
individual's competence.

The standards of competence written by industry comprise a number of units. These are further
subdivided into elements of competence and performance criteria This structure is shown
diagrammatically in Figure 1.

Element Performance Criteria

UNIT Element
Element
Element

Range
—
Element
Element

Figure 1 The Structure Of An NVQ

INTRODUCTION TO THE TVSC

o]

UNIT

The Tdecommunications Vocational Standard Council (TVSC) is the approved ILB for the UK
Tdecommunications Industry. As such it is responsible for developing Vocational Standards for all the
telecommunication specific functions within the industry and approving qudlifications from various
awarding bodies. The TVSC is both the focal point and catalyst for industry contributions to the work.

The TVSC was formed in August 1989 as a company limited by guarantee. The initiative came
from a consortium of British Telecom, STC and Cable and Wireless group including Mercury
Communications and Tdephone Rentals in response to the Government's initiative.

Work as an ILB began when the company was first formed and consultants were used to assist in
the derivation of a functiona map of the telecommunications industry sector with the aid of industry.
Once this was complete the consultants and newly appointed TVSC standards development speciaists
then looked at a specific area with representatives from industry and derived relevant occupational
standards.
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In addition to being an ILB the TV SC has aso been recognised as an Awarding Body. In other words the
TVSC can design NVQs using the standards written by the ILB and obtain accreditation. They can then award
NVQs to those people who have been assessed as being competent when compared againg the Qualification
standards. To satisfy NCVQ criteria and to maintain Quality the TV SC has to have in place Quality assurance and
Quality improvement systems, internal and external verification and an administration system to support these.

THE CURRENT WORK OF TVSC

As outlined in the introduction to the TV SC the work of the TV SC is in two main streams namely the work
asan ILB and as an A warding Body.

Under the auspices of an ILB the TVSC are continuing to develop standards and qualifications for the
remaining key functiona aress initially identified. These will be done in sequence and take on average 6 months
between starting the work on an area and getting proposed NVQs into NCVQ for their approva. The current area
being worked on is maintain & repair and qualifications are available in install and commission. The six functional
areas identified are:

install and commission
maintain & repair
manufacture

manage & operate

design & develop
Promote, sell & distribute.

Work as an Awarding Body has gained more prominence this year as the qualifications have come on
stream. At the current time assessments are being carried out in a phased launch program which is being closdly
monitored. These assessments are available for NVQ Levd 2 in Install & Test Telecommunications Switching and
Transmission Equipment. This will be followed in Autumn 1991 with NVQ Leve 2 Instal & Commission
Telecommunications Terminal Equipment (Radio). Level 3 NV Qs for the Install and Commission functional area
should be available in 1992 and qualifications in the other areas will follow as they are devel oped.

The TVSC's policy isto provide quality in terms of qualificationsthat are prestigious to obtain and of some
considerable worth both to the individua and the industry. In order to maintain and control this quality effectivey
the phased launch of qualifications is deliberately slow. We believe that this will enable the required network of
Assessors and their trainers to get on-board and up to standard in the most effective manner.

HOW TVSC DEVELOP NVQs

The standards of competence are derived from a functional analysis of a key area with the assistance of
industry through a number of workshops, interviews and other techniques. These standards are then used as a
starting point to derive qualifications at the various NVQ levds and disciplines throughout the industry.

An analysis of the working practices and technology within the functional area is undertaken in order to
identify relevant qualifications and their appropriate titles. These are then ratified via the Telecommunications
Standards And Implementation Steering Group (TS&1SG). Once the qualification title and levels have been
established the standards are used as a basis and amended, with industry's aid, to reflect the appropriate width and
depth of competence for each qualification.

48 ST



These qualifications are then submitted to NCVQ for accreditation together with indications of
the knowledge and assessment evidence that the Assessor will be seeking before awarding an NVQ. If the
Qualifications are accredited then they may be launched and made ready for candidates to be assessed
against. (I.e. Assessors prepared and administration arrangements made)

THE FUTURE WORK OF THE TVSC

For the immediate future the TV SC will be enabling a Quality network of Assessors and Verifiers
to be put in place throughout the industry. Close monitoring of the first phase of the launch will highlight
potential problems and improvement opportunities that can be incorporated into future phases.

The TVSC will also continue with standards and Qualification development work and aims to
complete the main functional areas as soon as possible. Following completion of the remaining functional
areas the TV SC will re-examine the existing Qualifications before their NCV Q accreditation dapses. This
will enable them to be kept up to date and tailored to industry needs.
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E1l
Women, Science and Technology: Shifting the
Paradigm from Role Modelling to Mentorship.

Eileen Byrne

Department of Education, The University of Queensland, Queensland 4072, Australia

Based on a five-year major research project (UQWISTA) looking at policy factors which help or
hinder women's access to and progression in "non-traditional" scientific and technological disciplines in
higher education, this paper argues that a shift in paradigm is needed. Two decades of research into why
women's access to certain scientific and technological disciplines, and of policy initiatives to improve
female access and progression, have concentrated on "what is wrong with girls and women" instead of
looking at the need to change the ecology of male-dominated institutions and disciplines in relation to
new clienteles. Within this approach, policies have perpetuated the unsubstantiated myth that same-sex
role modelling is an essential, even a key, policy factor. But the UQWISTA research establishes that this
is not so

This paper argues for a major shift from role modelling as a policy mechanism (making pioneer
women responsible for women) to improving mentoring (not necessarily same-sex) as a more influential
and mainstream policy factor (making men responsible for helping women). The paper will produce new
research-based evidence from a major research review and from ten major Australian institutions, to
substantiate the paradigm shift.
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E2
Can an Institute of Technology Improve Equality
of Opportunity for Women in Technical Education?

Harriet S. Ryd

Dept. of Architecture/Form and Environment, Royal I nstitute of Technology,
S-100 44 Stockholm, Sweden

In Sweden women students of technology only amount to about 20%. This figure applies to both
undergraduates and postgraduates. Thus, by quantitative measures the system is not egalitarian. A
qualitative view on the situation of women students shows, however, that most students are satisfied with
the conditions - and that they hesitate to take a feminist stand.

The question then arises: Why are we not satisfied with the low percentage of (presumably
happy) women students? There are two obvious reasons. The first one focusses on the individual level:
We think that more women should have possibilities to develop themselves by learning how technical
measures can be used for a better life. The second one points at the common weal: Women's perspectives
and experiences of therole of technology are needed in the interplay between humanity and society; they
give a valuable contribution to the new leadership roles and society at large would gain if there were more
women in the technical professions.

Therefore, the Royal Ingtitute of Technology has started a programme aiming at educating more
women leaders. The point of departure isto define the obstacles to equal promotion. We have found, that
the main reason is, that power stuctures make women invisible. In general there is no ill will underlying
the mechanisms which exclude women from the system. Aslong as the majority of technicians innocently
believe that we have achieved gender equality one can not demand that they recognize the subtle
difficulties which women face in the current system. The primary goal for the work for egalitarianism is,
thus, to increase understanding for the conditions women mest. In the next phase the realization that
women must come forward in their own right needs to be incorporated. This endeavour calls for a new
kind of communication, both within the university world itself, and in the interface between university
and industry.
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Women, Higher Education and Culture Change
Elizabeth C. P. Sears

Southampton I nstitute of Higher Education, Southampton, England

SUMMARY

This research based paper considers the implications for higher education of widening access to
computing and information techno logy courses. It stresses toe need for organisational change and offers
possible strategies which can be effective in altering staff behaviour and hence the culture of higher
education to make it more responsive to women students.

INTRODUCTION

Over the last ten years concern has been expressed about the ability of Britain to compete with
other nations. There is strong evidence to suggest that our workforce is lagging behind that of other
countries in terms of education, training and skills. In addition, there is a need for a higher level of
educational achievement to cope with a society where the emphasis is increasingly moving from manual
to intellectual skills[1].

Disquiet is particularly strong in the area of computing and this is reflected in targets set for the
polytechnic sector of higher education. Overall, the participation rate is projected to increase from 14% to
20% by 1994- and to 30% by the year 2000 [5]. Returns from the ingtitutions themseives show plans to
increase full--time student numbers by 7.6% between 1988 and 1992. Within these targets one area where
the highest growth is planned is information technology/computing [13]. If numbers areto increase, then
institutions of higher education will need to consider different target populations in view of the decline in
the number of 18 and 19 year aids [15].

This is has bean recognised in the national emphasis on widening access to higher education
courses [3]. Demographic and economic factors are, however, not the only reasons [16] There is also
acceptance that the selective, competitive and specialised nature of our education system has excluded
people who could benefit and have not had the chance. Where an individual has the motivation and
competence she should be offered a place [5]. The largest, possible poor of students is that of mature
women [1].

To do this attention needs to be paid to methods of increasing participation and considerable
change will be needed in practices find procedures [5]. So far, there has been little recognition that
different students need to be taught in a different way within a different culture (1). Thisisreflected in the
low numbers at women applying for and being accepted on to degree Courses in engineering, particularly
in computing [12]. While there are many reasons for this lack of women [15], the issues relating to
organisational culture change have not been tackled in a systematic way [13]
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CULTURAL CONCEPTS AND CHANGE

If higher education is to be actively promoted among mature learners, then institutional changes must be
wide-ranging. Previous efforts to change higher education culture from the outside have resulted in very little
movement [1]. Organisationa culture, like an individua's personality, tends to remain relatively stable over time.
The shared values, attitudes, norms and goals are powerful shapers of behaviour and are expressed in the systems
and practices that have evolved in the organisation [14,171. Existing culture has a constraining effect, inhibiting the
change necessary if these organisations are to produce the different results sought for this country's continued
compelitiveness on an international basis[1].

Cultureis sustained through the action of organisational members and their relationships [17]. Since culture
is deeply rooted in the organisation's life, culture change needsto focus on changing member’ s behaviour. Oncethis
is accomplished, attitudinal, and perceptual and cultura change should follow.

Systems with in higher education should be changed to make them responsive to the potential students who
must be attracted. Reviews of administration, teaching methods, course design, assessment and guidance and
support systems are needed [4]. A system which has been producer--led needs to become more user-- led and
structures made more appropriate to a society where learning opportunities are becoming more integrated into day-
to-day life.

In order to change behavior and hence the organisation culture there are strategies which can be employed
[7]. Training is an important element. Recruits to an organisation learn their behaviour.Participation in training
courses, listening to others' ideas or simply observing can change attitudes and behaviour. Using group discussions,
team briefings and role mode is can be a successful means of changing culture [7]. Implementation needs to be
introduced on an organisation-wide basis, as badly planned training is likely to be ineffective. Of crucial importance
isa. "precipitating event” to act as the impetus for change [7].

CHANGE WITH IN HIGHER EDUCATION

for higher education the impetus for change exists and an organisation devel opment programme introduced
through specific policy initiatives can give academic staff the support they need to change[3] . Policies need to be
directed towards facilitating the entry of mature students and encouraging them in the areas where they are under--
represented. While the tradition of departmental autonomy is to be maintained, some centralization is essential to
establish a framework and procedures so that policies can be properly implemented [8, 9]. This is not to suggest,
however, that bringing mature women studentsinto engineering is an easy task [6].

To attract mature women students attention should focus on their needs and meeting these needs, within
higher education. Mature students are often discouraged by bureaucratic procedures. The may lack confidence and
this feeling can be re-formed by inadequate support and guidance, inappropriate teaching and learning strategies and
irrelevant course materials[5].

ADMISSIONS PROCEDURES

Then is degree of inflexibility in laid-down entry requirements for higher education m genera, but, they
appearing particularly rigid in engineering areas. Coupled with the siting of computer courses with in engineering
faculties this deters women from applying [9]. Students without mathematics or science at ‘A’ level are still capable
of succeed log on computing courses [9] Entry requirement are sometimes inappropriate and do not recognize
potential.
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While interviewing is subjective and may not assess the applicant's ability successfully to complete the
course[2],

A recognition of the value of aternative methods of learning and an examination of en try requirements to ensure
that they are broad enough to include all students who could benefit from the course would help. Where applicants
are asked to demonstrate their knowledge and skills, the Admissions tutor gathers more information than can be
provided on a standard application form [8] structured training of personne in interviewing techniques would help
consistency in admissions, as would developing systematic comparisons between what is expected from 'A' level
and non-standard entry student[9].

Admissions procedures should include pre- entry support for students to build on their enthusiasm and
faster self-confidencein their ability to cope with the course. Reading ligts, study skil 1s workshops and contact with
staff should be offered. Mature students, particularly women, need time to reorganize family life, so course details
and timetables should be provided before the start of the course. Thistype of help can case the transition to what, for
some, isavery different life [15].

Marketing should include "taster" courses, open days and should show information technology in an
attractive context. Stronger links with further equation feeder colleges could help to increase numbers of mature
women students.

TEACHINGE METHODS

This widening of access through admissions should be accompanied by a review of teaching methods.
Within the computing area there are many techniques used in lower level courses that could be applied to degree
level teaching. To make the courses more attractive to women students, teaching needs to move away from
traditional methods where learning is controlled and directed by the lecturer and where use is made of a limited
range of techniques, particularity the lecture [10] current methods place too much dependence on the lecturer for the
selection of facts and on students ability to memorise these facts.

Students can be encouraged to understand and apply knowledge in a creative way through teamwork,
experimentation and sdf-paced learning [1, 8, and 10]. Where students are helped to learn tram each other, self--
confidence can be developed and a "women--friendly" environment created where women's commonsense approach
is valued and strengthen through the use of a sharing atmosphere and lively relevant material [11]. Remedial help
should be offered where required and mature students given the opportunity to practise without being watched by
others [9] This move horn passive to active learning recognizes education as a joint learning experience with
lecturer's willing to hand over control. For some this may involve considerable training [1].

COURSE DEVELOPMENT AND ASSESSMENT

Changesin teaching methods are connected to the design of the curriculum. Modular approaches and credit
accumulation and transfer are in place in some areas and this opportunity should be used to restructure courses in
information technology and computing. Stress needs to be placed on Learners needs and the devel opment of courses
that are more attractive to potential students. These changes should be mirrored in the area of assessment. Which
should become more interactive and practical to prepare students to deal with the Interpersonal eements of
information technology as well as the technical ? Assessments could measure student’ s progress againg specific
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Criteria, through a devetopmental process of tasks for students to complete at their own pace
with credits awarded a teach stage[16].

STAFF DEVELOPMENT

The areas above are linked through the need for staff development. Staff needs training to
improve selection methods and interviewing techniques. A training programme would help to turn
innovative curricular ideas into planned activities [8] in terms of working with students; lecturers need
help in learning how to foster students' self-confidence and autonomy through a staged learner-orientated
system [9]. Lastly, lecturers themselves need support in dealing with a different type of student and in
offering relevant guidance to mature students [9].

CONCLUSION

Higher education is still trying to make students fit a pattern rather than giving consideration to its
own responsiveness to the needs of potentia students. Non-standard entry students are no longer the
margina groups they once were and efforts need to be concentrated on changing staff behaviour, so that
the culture of higher education ingtitutions; becomes more sympathetic and the needs; at the clients come
first.
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They Can Because They Think They Can

Dr C. A. Young
Dept. of Electrical and Electronic Engineering, University College of Swansea, U. K.
SUMMARY

The focus of this paper is a short course entitled "Technology for Women", run for a small, isolated
community in the Welsh Valleys in early 1989. Firstly, the aims and structure of the course will be
discussed. Some responses to the course will then be given, followed by an analysis of its success but the
failure to establish a similar course elsewhere.

INTRODUCTION

The all-pervading problem that industry will face in the early 1990's is the unfavourable
demographic trend. Industry is just waking up to this fact, realising that women must be encouraged to
make up a larger percentage of the technical workforce than they currently do. Postive initiatives are
springing up everywhere to encourage re-training, provide creche facilities and convert arts to science A-
levels etc. The technical revolution has swept through society like a tidal wave, but it is salutory to
remember that the wave has, and will continue to pass over the "pebbles on the sea bed". These people
who have been out of the education system, or employment, for more than ten years, are probably, by
today's standards, technically illiterate. Without the opportunity for enlightenment, they face a downward
spiral in technical confidence and competence as shopping, banking and even the home increases in
technical complexity. This paper reports on a short course entitled "Technology for Women" run for a
small isolated community in the Welsh Valleys in early 1989. It is a personal view of the observed
attitudes of women towards technol ogy.

THE PHILOSOPHY

For several years, | have lectured to Electrical Engineers and have observed that, given two equally
capable people, a woman invariably underestimates her capability whilst her male colleague will usually
overestimate his. Suspecting that this lack of sef -confidence persists at all levels of technical expertise, a
colleague and myself conceived the "Technology for Women" course. Ostensibly, it was a course in
technical DIY but the underlying aim was to increase the self-confidence of the participants. Confidence
is often a product of the environment and this can largely be controlled by the attitude of the presenters. A
relaxed, informal atmosphere was created, permitting an air of professionalism and competence by
implication. The normal environment and level of expertise of the participants precluded the use of jargon
and, where possible, concepts were explained by analogy. Pretentious titles and our employment histories
were conscioudy omitted. The most important aspect was to achieve an aura of enthusiasm, knowing this
to be highly infectious.
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Familiarity is of paramount importance to confidence. Because of the nature of the task, familiarity in this
sense meant hands-on experience. This in turn required intensive supervision and an adequate provision
of equipment. The aim was to gently persuade all participants to "have ago" at everything; fully realising
that it is far easier to sit in the corner like a wall-flower when faced with a new and daunting challenge,
hence defeating the aim of the course.

THE MATERIAL

In one sense, familiarity also dictated the contents of the course. The aim was to enhance awareness
and sdf -confidence with the technology that the participants meet daily. It was obvious that the initial
sessions would be at afairly low level, and could include the concepts of eectricity, the choice of fuses,
cableand plugs. Thisled to basic electrical DIY - changing the flex of an iron and the element of a kettle.
We got quite carried away by thisDIY self -sufficiency and even included a session on changing washers
and taps! Computers, word processors and programmabl e devices such as alarm clocks and videos formed
the basis of a further two sessions. Each topic was to be self-contained and to cover no more than one
two-hour session. At least half of each session was devoted to hands-on experience to build confidence.

THE RESPONSE

On the face of it, the response was disappointing - only six ladies! However, in practice the number
was ideal. The ladies had various backgrounds from housewife to nurse, and all freely admitted
"techno-fear”". The range of ages was broad also, from young mum to happily retired. The ratio of 3:1
supervision was at times taxing, but as the aim was to increase confidence, it was important not to rush or
chastise.

| had grave misgivings about the contents of the initial lecture; to spend two hours talking about
fuses and wiring plugs seemed a little bit of an overkill. In reality, twice as much time could have been
allocated. For someone such as myself, who deals with electricity "by trade", it was appalling to discover
that some of the ladies had no idea that the colour of a fuse indicated its rating, and less idea ill as to
what that rating meant. It is still more frightening to realise that this may be indicative of the knowledge
of the general public.

The ladies were genuinely appreciative of the attention and the manner in which the course was
delivered, but actions speak louder than words. One lady, crippled with arthritis came to the following
session, clutching a beautifully wired plug as if it were a trophy - she had never wired a plug before and
was unable to complete the exercise at the previous session due to her disability. She admitted that it had
taken her along time but as she lives alone, the sense of achievement and independence was reward in
itsdlf.

As a parting comment following a session on programming a video recorder, one lady, previously
suffering from a severe bout of "techno-fear”, was heard to exclaim "I am going to baby-sit for my
grandchildren tomorrow, | usually take my knitting but | think | will play with their video instead!".

Another lady danced into one of the latter sessions chanting "I have mended my hoover”. She then
proceeded to tell us the gory details, remembering to say that she had noted our instructions on safety and
had first switched the hoover off and unplugged it. On further questioning, she admitted that she would
previously have waited for her husband to return home to solve her predicament.

The above comments are a small, but representive, selection of the little gems resulting from the
course, to my knowledge.
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IN CONCLUSION

I make no apologies for saying that delivering this course was highly rewarding, of course, the
aim was to ensure that through patience and familiarisation, the -confidence of the ladies was increased.
Viewed inthislight, | believe the course succeeded.

Looking at the course in a broader sense, does however lead to other conclusions. Firstly, it is
inherently intensive in supervision. These ladies had effectively built a barrier between themselves and
technology to the extent where one lady would not even change channels on the television. It required a
lot of gentle persuation to entice them out of their shells. They must effectively want to come out of their
shell for the course to succeed, and often they are oblivious to their plight. We actively encouraged the
ladies to suggest gadgets or concepts on which we could offer some enlightment - silence was the reply!

Advertisements for a second course dicited a smilarly silent reply. Regretfully, second course
has never been run. That the first course ran at all may not be as result of the conscious effort of the
ladies to dispd "techno-fear". Sadly, | suspect that it was a product of their community spirit, and a
strong resolve to make their community program successful. These attitudes are not surprising coming
from small, fairly isolated, mining community which has seen much economic hardship in e recent past.

Whatever the reason that the course succeeded, succeed it did and it beautifully illustrates the fact
that, as Virgil said, “they can because they think they can”!
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Between the Pit and the Pedestal. Career Patterns
of Women Scientistsand Engineersin Western
and Eastern Society.

Susan V. Meschel

James Franck Institute, The University of Chicago, Chicago, U.S.A.

SUMMARY

This paper reviews the contribution of women in the sciences in Antiquity and the Middle
Ages, in Western and Eastern cultures. A college level course designed by the presenter
will also be discussed

While participation of women in the scientific profession is a recognized fact in our century, the
commonly held belief remains that this is a recent phenomenon. However, historical evidence shows the
continuity of participation of women in the physical and biological sciences as well as in some areas of
engineering well over the past 3,000 years. Over the centuries many women overcame economic and
social obstacles to acquire education and contribute to scientific endeavors of their choice.

Theprevailing view in current literature on this subject is that women of the aristocracy and those
aided by the so called craft tradition were most often able to make their mark in the sciences in 17" and
18" century Europe. My thesis is that these two structures allowed women to become scientists for a
considerable longer time period and in a geographical area that also far exceeds Western Europe [1]. Ina
practical sense not only societal pressures and attitudes determine career choices for women but also the
responsibility they take in raising the next generation and caring for aged family members. Throughout
recorded history these practical considerations may explain the prevalence of women scientists among the
nobility. It is assumed that these women wererelatively free of household cares and had access to learned
tutors and libraries. A good example would be the queen-physician Hatshepsut of the XVIII ™ Dynasty
in Egypt, who, in addition to her practice of medicine also organized a botanical expedition to search for
hitherto unknown medicina plants [2]. Another representative from the Chinese culture would be the
legendary Se Ling She, wife of the Emperor Huang Te (3000 BC) who is said to have invented the
process for weaving of silk.
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Beside the nobility we find numerous female scientists among unmarried women particularly nuns, both
Christian and Taoists, a group presumably free of the traditional family responsibilities. Medical
knowledge of the middle Ages owes much to such practitioners as Heloise, Elizabeth of Schonau, Herrad
of Landsberg and the most outstanding of these, Hildegrad of Bingen. Among the Taoist nuns a good
example is the alchemist Li Shao Yun, whose work represents the first attempt at quantitative chemistry
in the early 1100's in China.

The so called craft tradition as a possible route for women scientists in the 17" and 18" century
Europe also far extends geographical space and time. Many accomplished women scientists in the ancient
and medieval period in the Near East and China were mothers, daughters, sisters and wives of scientists.
Such relationship must have provided the necessary ingredients for their pursuit of scientific endeavor,
such as education, motivation, encouragement, access to laboratory equipment and economic resources.
These women were not merely helpers, many achieved distinction in their own right. | wish to cite a few
scientists to illustrate the universal role of societal status and craft tradition in the development of women
practitioners.

During the 1st century AD, Alexandria was one of the great centers of learning of the ancient
world. This city was the home of one of the most accomplished women scientist of Antiquity, Maria or
Miriam the Jewess. Miriam was the first scientist whose writing survived in any form. While her original
works were lost, significant extracts were preserved by Zosimos of Panopolis, a 3 century Egyptian
alchemist who cited Miriam's work extensively in his 28 volume encyclopedia. Miriam's contribution to
science included design of chemical equipment such as the water-bath, the three-armed still and the reflux
oven. The double boiler still bears her name as Balneum Mariae. The three-armed still was used for
distillation of complex mixtures. Its description including quantitative measurements distinguished it from
the obscurity and imprecision of most alchemists. Miriam's recognition of the advantage of glass
equipment in the laboratory was quite advanced for that time As an experimental chemist, her
contribution includes the preparation of a lead-copper sulfide, ill called Mary's Black and used as a
pigment by artists. Miriam's writing reflects the prevailing attitudes among alchemists of her time period
aswdl asillustrates her Jewish heritage. Little is known about her as a person. She was a student of the
alchemist Ostanes and had many followers. She had the reputation of a good teacher who encouraged her
students [2].

In one of the earliest science books in China (975 Ad), the author Wu Shu gives an account of the
work of a famous woman alchemist, Teacher Keng or Keng Hsien Seng. The daughter of an eminent
scholar, Teacher Keng was described as intelligent, beautiful and eloquent in speech. She is credited with
designing a distillation process of vegetable oils. Other achievement attributed to Teacher Keng was her
ability to transform mercury and snow into silver. Her reputed authority and relationship with the
Emperor suggest that Teacher Keng was a charismatic personality and skilled scientist.

Both Miriam and Teacher Keng share common attributes as recognized authorities in their
endeavor and are descendants of scholarly families though not of the nobility.

The medieval period represented an era of extreme attitudes toward women, for to use a scientific
analogy, women found themselves oscillating between the pit and pedestal. At one extreme women were
regarded as the instruments of sin and evil, while at the other regarded saintly and even godlike. Despite
these notions the theoretical subjugation of women was only imperfectly maintained allowing a quasi-
state of equality to exist and for some women to take advantage of. The edict forbidding the employment
of Jewish
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Physicians in 1267 might exemplify this ambivalent attitude toward this ethnic group. In all
likelihood this edict was observed loosely for it was renewed every few decades, thus allowing many
Jawish women to pursue the study and practice of medicine, the majority of whom in the speciality of
ophthalmology. To cite another example, while in France women were not allowed to enter medical
school until 1897, the edict issued in Paris in 1311 alowed women to practice surgery after passing an
examination.

Surviving documents provide a fascinating picture of how the possession of necessary and
valuable medical skills allowed women to surmount the dual liabilities of being female and Jewish in a
male governed and Christian society. L egal records such as payments, exemptions from taxation, licences
and title deeds congtitute the largest body of evidence of the life and works of these women physicians
[3]. A good representative of this group is Sarah de Saint Gilles, wife of a doctor, herself a practicing
physician, who had apprentices and headed a private medical school in Montpellier in the 13th century.
As a case in point | wish to cite the famous tria of the physician Jacobina Felicie, who maintained a
successful practice in Paris in the 1320's. Jacobina was accused of practicing medicine without a licence.
During the trial seven patients testified on her behalf, testifying for her success in alleviating fevers,
kidney problems and arthritis previoudy treated unsuccessfully by licenced male physicians. Jacobina
skillfully argued her case and entered a passioned plea for the training and licencing of female physicians
in order to preserve women's modesty and honor. At the conclusion of the trial the charges were
withdrawn against Jacobina, however, an injunction was issued to prevent her and other men and women
without university training to practice medicine in the Paris area.

It is of interest to note the mother-daughter alchemist team in 15th century China, Shen Wan and
her daughter Shen Yu Shiu. They were both interested in the chemical reactions of lead and mercury,
however, they owe their fame to their success for allegedly transforming copper and iron into gold and
silver. For the lack of a major representative in late Medieval China, | would like to include the 18th
century astronomer, Wang Zheny, in the group of outstanding women scientists. Wang Zheny was the
daughter of an enlightened physician who recognized her intellectual gifts. Wang Zheny was educated in
a manner usually reserved for the son of the family. Wang Zheny accompanied her father on his travels
and these trips enhanced her interest in geology. Her primary interest was in mathematics and astronomy.
Wang Zheny published her experiments and calculations regarding the motion of stars, clouds and the
eclipse of the Moon in 12 volumes, all of which were subsequently lost. Only essays on astronomy and
some poetry collections survived into the 20th century. Wang Zheny died at a regrettably young age. Her
attitude to learning is poignantly encapsulated in the following citation:

Knowledgeisinfinite but life is short.
That's why | treasure every second of my time.

These women scientists of Western European and Chinese culture came from middle class
families and their intellectual and scientific development was shaped by their heritage of the craft
tradition.

Time constraints of this presentation does not permit an in depth survey of women in science
let alone a more detailed exposition of their contribution. | have attempted to do greater justice to this
subject in a one semester college leve course that was offered at the Roosevelt University in Chicago.
The course was cross-listed in the Physical Sciences and the Women's Studies program. The course
reviewed the participation of women in the sciences spanning the time from Antiquity to the present
focusing on their scientific
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Contribution as well as their efforts in achieving recognition. The course makes extensive use of
audiovisual materials and encourages students to give oral presentations on their research of a woman
scientist of their choice.

The main objective of this course is to educate college level students of both sexes to the long
standing and illustrious contribution of women in the sciences and in so doing fill a void in traditional
textbooks. Another objective isto demonstrate that women of many social strata and ethnic background
contributed to scientific culture. Therefore, my outline includes lectures on Chinese, Jewish and Black
woman scientists. In many institutions of secondary and higher education the erroneous view that
women shy away from mathematics and the so called "hard sciences" still prevails. | believe that by
illustrating the continuity of the contribution of women in such varied disciplines as mathematics,
crystallography and astronomy we may successfully counter such misconceptions. Discussion of the
achievements of women scientists may provide a more accurate dimension to view these fields as a
human endeavor equally appropriate to pursue for students of both sexes.
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SUMMARY

The work of women in the sciences seems to be a relatively "new" phenomenon, limited to the 20" century. A
closer look shows that women have been making scientific contributions throughout recorded history. Sometimes
this work has been obscured by that of a more famous man. Some women worked independently and used a
pseudonym to submit work. Most were unrecognized and discriminated against by institutions that did not admit
women as students or faculty. Now, recognition is growing of women's contributions to the progress of science.

MATHEMATICS

Mathematics is the study of number, form, arrangement, and associated relationships, usng rigorousy defined
literal, numerical, and operational symbols. Physical scientists require the language of mathematics in order to
communicate their ideas with each other. Modem mathematics got its start as early as 300 BC when Euclid
organized geometry. His book, "Elements’, is gill the basis for al modem textbooks on geometry. Archimedes
developed some of the basic principles of what evolved into integral calculus as early as 225 BC. The foundations of
algebrawere laid approximately 275 AD.

One of the earliest women noted by scientific and historical writers is Hypatia, (c370-415). The daughter of
Theon, a Greek mathematician and astronomer and director of the University of Alexandria, Hypatia studied
mathematics under Plutarch the Younger in Athens and his daughter, Asclepegeneia. Hypatia later became a
mathematics ingructor herself at the University where she taught algebra, geometry, and astronomy.

It is believed that Hypatia assisted Theon in writing his eleven-part treatise on Ptolomey's "Almagest" and
wrote her own commentary. She also co-authored at least one treatise on Euclid's "Elements’ with Theon. Hypatia
was aso credited with inventing two astronomical instruments, the astrolabe, an instrument used to measure the
altitude of the sun or other cdestial bodies, and the plan sphere, arepresentation of a sphere or part of a sphereon a
plane surface. While none of her writings have survived, they are referenced in other writings of that period.

The Italian mathematician Maria Gaetana Agnesi (1718-1799) was encouraged by her father, a professor of
mathematics at the University of Bologna, to study mathematics at an early age. Her primary contribution was her
book "Analytical Institutions’ written as a text for a younger brother and published in 1748. Her objective was a
compl ete truculent of algebra and analysis with emphasis on concepts that were relatively new in the mid-eighteenth
century. Maria withdrew from scientific study after her father's death in 1752.

In France Sophie Germain (1776-1831) decided at the age of thirteen to become a mathematician after reading
about thelife of Archimedes. Her families used various means to discourage her studies, but were unsuccessful. She
was virtually self taught until her eighteenth year when she began collecting lecture notes from classes at the new
Ecole Paly technique. Sophie submitted a paper under the pseudonym LeBlanc to Joseph Lagrange, the mathematics
professor, who was impressed by its originality and encouraged her continued study. On her own she began to study
Karl Gauss' dissertation on number theory and began a correspondence with him also under the name LeBlanc.

In 1811 the Acadamie des Sciences offered a prize for the best answer to the challenge of formulating a
mathematica theory of elastic surfaces and its comparison to empirical evidence. Sophie submitted three papers
from 1811 to 1816, the first anonymously. Her 1813 revised paper received an honorable mention. Finally, in 1816,
she won the grand prize for a paper submitted in her own name for treating vibrations of general curved as well as
plane elagtic surfaces. She also published other work on the theory of agticity and proved the solution of Fermat's
Last Theorem for all prime numbersless than 100.
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The Englishwoman Mary Somerville (1780-1872) was virtualy uneducated until after the desth of her first husband. After
winning a prize for solving a problem on diophantine equations that appeared in a popular ladies journd, she purchased a small
library of mathematical texts and began her study in earnest. With her second marriage to William Somerville, a surgeon, other
doors were opened to her. The leading scientists of the day and their wives became her friends and attended frequent salons held
in her home,

Mary's writing became her most significant contribution to science. In 1830 her trandation from the French and
commentary on LaPlace's "Mechanism of the Heavens' was published. Her later book "The Connexion of the Physical
Sciences"' went through ten editions in forty years. Other writings covered astronomy, geography and mathematics. In 1835
Mary Somerville was elected an honorary member of the Royal Astronomical Society.

One of Mary Somervill€e's acquai ntances was the young Ada Byron Lovelace (1815-1852) daughter of the poet Lord Byron.
Ada was fascinated by mathematics and studied with private tutors. With Mary Somerville she attended scientific
demonstrations and lectures, saw new devices and inventions. One of these inventions was Charles Babbage's Analytical
Engine, a genera purpose cal culating machine and forerunner of the modem computer. In 1843 Ada translated from French to
English a paper by the Italian Menabrea which described Babbage's engine. Her "Notes" to the paper describe certain "software"
- what the machine could be made to do - rather than how it would be constructed. In recognition of this anticipation of modern
computing software, when the U.S. Department of Defense commissioned a general purpose computer language, it was named
ADA.

The Russian Sophia Kovalevsky (1850-1891) is called "the greatest woman mathematician prior to the 20th century". She
became interested in mathematics when, at age the age of fourteen, the wals in her home were temporarily papered with sheets
showing differential and integral calculus. At eighteen she married in order to go to Heidelberg to study mathematics and
physics and later went to Berlin where she studied with Weierdtrass, the "father of mathematical analysis'. By 1875 she had
completed three research papers, any of which would have qualified her for her doctorate. The University of Gottingen agreed to
grant her a doctorate "in absentia" in 1875 based on her dissertation "The Theory of Partia Differential Equations' which
included the Cauchy-K ovalevsky theorem on the existence and uniqueness of solutionsto partial differential equations.

Unable to gain an academic post anywhere in Europe, Sophiareturned to Russia. By 1884 through the efforts of Welerstrass,
she was appointed to a lectureship in mathematics at the University of Stockholm. Here she did her most important research. In
1888 she was awarded the Prix Bordin by the French Academy for her paper "On the Rotation of a Rigid Body About a Fixed
Point", the solution being so general that no new cases have been researched since.

The German mathematician Amalie Noether (1882-1935), daughter of Max Noether, one of the "guiding spirits of 19th
century algebraic geometry”, had planned to be a teacher of French and English. She began studying mathematics and foreign
languages a the University of Erlangen and later specialized in mathematics at the University of Gottingen where she audited
courses because women could not be admitted as regular students. She was granted her doctorate, "summa cum laude", by
Erlangen for her dissertation on algebraic invariants. At Gottingen she taught courses listed under Hilbert's name from 1922 to
1933. Here her research provided the mathematica formulation for several concepts of Einstein's general theory of relativity. She
emigrated to the United States in 1933 after al Jewish faculty were dismissed from the university. Amalie Noether was
considered "the greatest of all femae mathematicians'.

Astronomy is the most ancient of the sciences. From the earliest times, eyes turned heavenward tried to discern the
messages in the gars. Its study is intricately interwoven with mathematics. Copernicus (1473-1543), the "founder of modern
astronomy", revolutionized the science with the publication in 1543 of his book "The Revolutions of the Celestiad Spheres'. He
upset the Ptolemaic system by, representing the sun to be at rest in the center of the solar system and the earth and planets to
move around it in elliptical orbits. His work became the foundation for modem astronomical science.

One of the earliest "new" astronomers was the Dane, Tycho Brahe (1546-1601). His better instruments and accurate
measurements of the positions of stars and planets paved the way for later discoveries. He was closely associated with the
German Johann Kepler (1571-1630) who developed the three fundamental laws of planetary motion. Not at all well known was
Sophia Brahe, (1556-1643) who assisted her brother with his observations that led to the computation of the lunar eclipse of
1573.

One of Brahe and Kepler's other contributions were the "Rudol phine Tables' of planetary motion. Maria Cunitz (1610-
1664) atempted corrections and simplifications to these tables. She was limited to manual calculations and introduced further
errors. Her book, "Urania Propitid’, was findly published in 1650.

In 1772 Caroline Herschel (1750-1849) set off from Germany for England to be with her brothers William and
Alexander, and for a career as a singer. William, however, found his interest turning from music to astronomy and since Caroline
would not perform except under his direction, she gave up her career and began training as an assistant astronomer. William
Hersche (1738-1822) threw himself into the science, building larger and larger telescopes, observing al night, making
calculations, writing papers. In 1781 he discovered the planet Uranus.

William gave Caroline her first refracting telescope in 1782. It was adapted for sweeping the sky for comets. Her earliest
discoveries included three nebulae for which William credited her in his "Catalogue of One Thousand New Nebulae". By the end
of 1783 Caroline had discovered several star clusters and fourteen new nebulae. In 1786 she was given her own observatory and
in August of that year she discovered her first comet, the first woman to be so recognized. Between 1783 and 1802 the Herschels
discovered 2500 new nebulae and star clusters - the visible evidence of distant galaxies. Together they founded sdereal
astronomy, the study of stars.
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William was appointed King's Astronomer in 1781 and given an annua salary. In 1787 Caroline was appointed assistant to
the Court Astronomer and awarded an annud salary, her first money of her own. Their work continued for fifty years until
William's death. At the age of 75 she completed her work on the positions of some 2500 nebulae for which she received the Gold
Medal of the Roya Astronomical Society in 1828. In 1835 honorary membership in the Royal Astronomical Society was
bestowed on Caroline concurrently with Mary Somerville.

In the United States the astronomer Maria Mitchell (1818-1889) was educated by her father. At age eghteen she gtarted
astronomical observations on clear evenings. In October 1847 Maria discovered a new telescopic comet. Public recognition came
quickly and she was awarded a gold medal by the king of Denmark. From 1849 to 1868 she was employed by the U.S. Nautical
Almanac Office to compute the ephemerides of the planet Venus. Vassar Female College was founded in 1865 and Maria became
its first Professor of Astronomy and the Director of the College Observatory, a post she held until her death. Maria Mitchell was
the first woman elected to the American Academy of Arts and Sciences.

MINERALS

Mineras are naturally occurring, homogeneous, inorganic substances which have definite chemica composition and
characteristic structure, color, and hardness. They are the materials of which the earth is made. Miningis the process of extracting
the minerals and other substances from the earth while metallurgy is the science of extracting metals from their ores, of purifying
metals, and creating useful objects from the metals.

The Baroness de Beausoliel Martine de Bertereau du Chatalet (1602-1642), a French woman, was perhaps the first woman
geologist. Her writings, published in 1632 and 1640, reported on the mines and ore deposits of France and discussed general
metallurgy, types of mines, smdting, the assaying of ores and methods for locating deposits. She was imprisoned for witchcraft
and died there.

The American geologist Horence Bascom (1862-1945) was educated a Johns Hopkins University. She earned her doctorate
in 1893, the first awarded to a woman. In 1896 she became the first woman scientist employed by the United States Geological
Survey eventually rising to the level of vice president. She also taught a Bryn Mawr College for thirty-three years where she
founded the department of geology. She was the second woman elected to the Geological Society of America.

Georgius Agricola (1494-1555) wrote a comprehensive series of works on physical geology, mineralogy, metals and
mineralogica and metallurgical terms. Of these "De Re Metdlica', published in 1555, has become the most famous for its
contributions to the sciences of mining and metallurgy. For over two hundred years it was the only authoritative work in this area.
In 1906 Lou Henry Hoover (1875-1944) and Herbert Hoover (1874-1964), both graduates of Stanford University in Geology,
embarked on the massive task of trandating Agricolas work from Latin to English. It was finally published in 1913 at their own
expense. The Hoovers were awarded a gold medal by the Mining and Metallurgica Society of America in 1914 for their
"distinguished contributions to the literature of mining".

The study of mineralogy includes both the external features of the substance and its internal structure. Crystallography was
developed as a branch of mineralogy to assist in determining the internal structure of the mineral but has grown to include not
only minerals but al crystalline matter, inorganic and organic.

The British physicist Dame Kathleen Lonsdale (1903-1971) began working on the crystal structure of organic compounds
by x-ray analysis in 1922. Among her contributions were the methods for the determination of space groups and demonstration
for the first time that the benzene ring was hexagonal and planar. Later she developed a method of making x-ray photographs of
single crystals. In 1936 she developed structure factor tables which became the basis for the "International Tables for X-ray
Crystallography" and was published from 1952 onward. She served as principal editor. Her intensive study of the magnetic
anisotropy of crystals resulted in the establishment of the reality of the concept of molecular orbitals. Dame Lonsdale also had a
special interest in the structure of diamonds and made important contributions to their study.

Crystals also fascinated Dorothy Crowfoot Hodgkin (1910- ) from the time she was fourteen and learned to grow themin a
chemistry experiment. She recelved her doctorate in chemistry from Cambridge University in 1937. During World War 11 she
began efforts to crystallize penicillin so that it could be examined by x-ray diffraction methods. By determining the arrangement
of atoms, it became possible to produce large quantities of a variety of antibiotics. Further work included the analysis of vitamin
B-12 and the structure of insulin. She was one of the first to enlist the assistance of the computer for her calculations. In 1964
Dorothy was awarded the Nobel Prize for Chemistry for her work in determining the structure of substances by x-ray methods.

MOLECULES

The basic building blocks of matter are the atoms and the molecules, composed of atoms, which combine to form the
simplest structural unit tha displays the characteristic physical and chemical properties of a compound. Women have long been
involved in the elementary research identifying these fundamentas and in learning how to use them effectively.

Perhaps the most famous woman scientist of all is Marie Curie (1867-1934) who was the first woman to win the Nobel Prize
for Physics in 1903 in cooperation with her husband Pierre Curie (1859-1906) and Antoine Henri Becquerel (1852-1908) for
identification of the element polonium. Her continued research dso led to the identification of a second element, radium, and a
second Nobel Prize for Chemistry in 1911. She remains the only woman to have won two Nobel prizes.
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Marie's daughter Irene Joliot-Curie (1897-1956) and son-in-law Frederic Joliot-Curie (1900-1958) also became
Nobd Prize winning scientists (Chemistry 1935) for their identification of artificial radioactivity. These discoveries
helped forward research into the medical applications of radioactivity. Irene's later work showed that bombarding
uranium with neutrons resulted in radioactive isotopes.

A former research associate of Marie Curi€'s, Marguerite Perry (1905-1975), identified the naturally radioactive
element francium in 1939. From 1949 she held the position of Honorary Professor of Nuclear Chemistry at
Strasbourg, and from 1958 was the Director of the Nuclear Research Centre. Marguerite became the first woman
member of the French Academie des Sciences in 1962, a position denied Marie Curie because she was a woman.

Lise Meitner (1878-1968) studied physics at the University of Vienna graduating in 1906 with her doctorate.
From 1908 she was an assi stant professor at the Institute for Theoretical Physicsin Berlin where she met Otto Hahn
(1879-1968) and began a lifdong professional association. Their joint efforts yielded the discovery of the eement
protactinium in 1922. By 1935 Meitner and Hahn were studying the neutron-induced activity of uranium with
experiments similar to those of Irene Joliot-Curie. In 1938, after Lise obtained a position at the Nobel Ingtitute of
Theoretical Physics in Stockholm, Hahn and Strassman showed that barium was one of the by-products of the
bombardment. Based on this information, she and her nephew Otto Frisch theorized about splitting the uranium
atom into barium and krypton gas and calculated the resultant energy that "fission" would yield. Their paper was
published in "Nature" in early 1939 and helped lay the groundwork for the development of the atomic bomb.

Another important investigator into the internal sructure of the atom was the German physicist Maria
Goeppert-Mayer (1906-1972). Educated at Gottingen she received her doctorate in 1930. That same year she and
her hushand Joseph Mayer, an American chemist, moved to the United States. During World War 11 Maria joined
the SAM Research Project, a part of the Manhattan Project, which worked to separate Uranium 235 from Uranium
238. After the war she worked with Enrico Fermi (1901-1954) at the University of Chicago and Argonne National
Laboratory. While there Maria developed the shell modd of the nucleus of atoms in which the protons and neutrons
in the nucleus are arranged in concentric stable shells which move like dancers waltzing around a room, both
spinning and orbiting. The idea is called spin-orbit coupling. Her discoveries on the structure of the atomic nuclei
won her the 1963 Nobel Prize in Physics which was shared with Eugene P. Wigner and J. Hans D. Jensen. She was
the first American woman to win this award and the first woman since Marie Curie.

THE LEGACY

What do we owe these women? When we recognize their achievements and contributions to the development of
science we recognize a heritage for ourselves and we take pride in these accomplishments. Mathematical research
and progress have led to the rapid and far reaching development of the computer in today's society. Grace Murray
Hopper symbolizes the modem women of science. She worked with Howard Aiken, "the father of the computer”" and
her work led to the development of the first English based language compiler which was a mgjor input to COBOL.

We reach to the stars, continuing to unravel the mysteries of the formation of the universe through the study of
astronomy. Sally Ride, the first of several American woman astronauts who have journeyed into the heavens aboard
the space shuttle, demondrates that women will continue to play an important role in this work.

Women continue to make contributions to the sciences and are actively employed as researchers, technicians and
educators. These historical women of science overcame many obstacles to contribute to our knowledge. We
remember and honor their contributions as we make further progress in the advancement of science.
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In its final report, The Task Force on Women, Minorities, and the Handicapped in Science and
Technology, reported to the President of the United States and to Congress on a looming crisis in the
technology workforce. We face as shortfall of scientists and engineers by the year 2000 which can only be
met b¥ utilizing those traditionally under-represented in Science and engineering, women, minorities and
people with disabilities. Without world class science and technical excellence the US's competitive
prospects will dim. Fast action, long term commitment and new partnerships are needed now to avoid this
crisis.

As afederal agency with a historical commitment to increasing the number of minority engineers
and scientists, NASA is well positioned to assist the nation in achieving its educational goals. Through
partnerships with such organisations such as SWE, NASA has increased the numbers of women and
minorities in its own workforce. Now it must help increase the number of women and minorities who are
available to fill the new positions by becoming scientists and engineers. For this to happen, a shift must
occur early in the educational pipeline, before career goals are set and before the necessary math and
science are not taken. To meet the chalenge of developing workers by the year 2000 NASA is
strengthening its partnerships.
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The society of Women Engineer's commitment for 40 years has been to increase and strengthens
the role of women in engineering. It has devel oped a strong career guidance program its 69 local Sections
of professional engineers. Over 250 student Sections on university campuses support women students
aspiring to become engineers. SWE's strength is its ability to bring together the resources of corporations
and universities through its corps of committed volunteers.

NASA and SWE developed a program three years ago to increase the future number of under-
represented minority women in engineering by working with girls aged 13 to 18 at critical points 1n the
educational pipeline. Four different programs encourage these girls to consider engineering as a viable
career opportunity. A research project compares the four interventions. The overall goa is that each girl
who participates will enter a bachelor's level engineering program.

Each program depends on volunteers to provide role models for the girls and O conduct programs
at a loca level. The national office coordinates, supports, and networks between Sections. Local SWE
members bring considerabl e resources from the business and academic communities to the programs with
a base of financial support from NASA. SWE brings volunteer time and expertise without which the
programs could not occur, and the support of employers, direct and direct. NASA's funding provides
credlbility and continuity for along-term project. Neither of us could do it alone.
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SUMMARY

This paper reports the results of an extracurricular activity designed to stretch the ability of pupils
in the application of their scientific knowledge. The conclusions are that, when presented with a scientific
challenge, girls can show capabilities beyond expectations.

INTRODUCTION

The stereotype of girls' attitudes towards science is well known. The traditiona roles have, within
them, the assumption that certain occupations as well as areas of education are inherently masculine or
feminine. The extent to which the home promotes or challenges sex role stereotypes and the effects of
such experiences upon girls choices in relation to a scientific career have been recently reported by Curry
[1]. The 'Wendy house' syndrome of sex role stereotyping in early childhood was reported by Whyte [2].
The acclaimed benefits from "Wendy house' play have to be balanced against the dangers of establishing,
at a very early age, future roles for boys and girls. Kelly [3] argues that the 'lived reality’ of sex rolesis
deeply ingrained and probably has more influence on children than abstract and rarely expressed ideas
about equality.

The association between gender and the response to science education has been widely reported
in recent years [4, 5, 6]. There are numerous publications showing how the performance of boysin certain
scientific areasis higher than that achieved by girls[7, 8, 9]. However it is evident that this observation is
strongly linked to the culture of the country.

In contrast with the line of thought that accepts that girls are constrained to under-perform in

physics, Klainin et at. [10] reported on the successful achievements by girls in learning physics. They
showed that girls performed at least as well as boysin problem-solving and
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Theoretical tests of physics knowledge. But in practical tests involving manipulative skills the
girlsin single-sex schools out-performed both girls and boys in co-educational schools and boysin single-
sex schools. Klainin et a. concluded that their results negated suggestions of biological bases for the
widespread under-achievement of girls in the physical sciences reported dsewhere. They attributed the
girls remarkable achievements in physics education to organizational aspects of the secondary curriculum
that encouraged both girls and boys to continue studying science and that required all three sciencesto be
studied. The existence of choice in the curricular Organization of schooling enabled existing societal
attitudes to invade the process of learning and allowed girls to opt out of physics.

CASE EXPERIENCE

For several years now | have taught physics to both boys and girls at secondary level. In paralld
with teaching | have run a research project in school supported by the Royal Society. Separate groups of
sixth formers, boys or girls, have at different times been involved in the research project which provides a
platform from which pupils can apply and further their scientific knowledge. This long-term research
project allows pupils to investigate a concrete problem of genuine scientific interest where the answers
are as yet unknown. It is the fact that there is still uncertainty and therefore room for wonder that attracts
the interest of my young researchers. They also feel that they are contributing to a larger effort that their
colleagues will build on their work so that their findings will continue to be relevant beyond the time of
their involvement.

The project which | describe was initiated under the Royal Society Research in Schools Scheme. It
has received funding from the Roya society, the Institute of Physics and ICL. The project is an
investigation in cloud physics, with the aim of understanding thunderstorms. Since the weather is
experienced and observed every day, it forms an excellent basis for illustrating the relevance of many
physical principles. | now report on the way sixteen and seventeen year old girls approach this demanding
activity and | show that their capability goes beyond expectations.

THE PROJECT

The purpose of the experiment is to study the microphysics of clouds and their reation to
hunderstorm electrification. By simulating a super-cooled cloud in the laboratory it is possible to observe
the different particles present in it. Specifically, the ice crystals (which are known to play an important
role in the process of cloud electrification) are studied in reation to the environmental conditions in
which they are formed.

The experimental work is done by the pupils themselves and involves producing, collecting and
observing ice crystals in clouds. The temperature and the liquid water content of he cloud are varied and
different types of pollutant are also introduced to either the water forming the cloud or the chamber in
which the cloud is formed. The effect of these changing parameters on the crystals is studied. The project
touches on many physical concepts, such as temperature gradients, super-cooling, surface tension,
convection currents, latent heat, crystal growth, static electricity, microscopy and microphotography.

The experimental set-up is relatively simple and robust to cope with repetitive running. The main
body of the apparatus is a large deep freezer where clouds at different temperatures are treated, thereby
simulating clouds at various altitudes. Temperature is monitored by lowering a probe into the cloud. A
flow of W3ter droplets at room temperature is produced outside the
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Freezer by an ultrasonic nebulizer and forced, by a jet of air, into the freezer where its
temperature is lowered. Although water solidifies at OOC, droplets can be maintained in liquid form at
lower temperatures if their sizes are small enough. The smaller the droplets sizes the lower the
temperature can be before they solidify. However at -400C all droplets will solidify spontaneously. In our
experiments the temperature ranges from -5°C to -25°C. The resulting super-saturated atmosphere inside
the freezer is seeded with solid carbon dioxide. The crystals formed fall out of the cloud and are collected
on microscope slides that have been coated with ‘formvar' glue and then placed at the bottom of the
freezer. The dides are allowed to dry and later removed from the freezer for analysis. One experimental
run, which takes about is minuet produces an enormous amount of these data. The observation and
measurement of the crystals a meticulously made from a video monitor display of the microscope image.
The data are then classified for statistical analysis.

ACHIEVEMENTS

The project was initiated in 1984 by a team of ten sixth-form boys in a boys grammar school.
Their contribution, which was at the stage of setting up and developing apparatus, was inevitably
concerned with overcoming the frustrations which are typical of the initial stages of any experiment and
they had ample opportunity for applying their inventiveness. The boys provided the foundation for the
more recent work.

Theresearch is carried out during free times by a team of volunteers who maintain a detailed log
of their work. Each research team, which changes from year to year, decides collectively on the line of
investigation to be taken, building on the work that was done before. The Royal Society Research in
Schools Scheme appoints a Scientific Adviser to each project. Adviser to our project is Dr CPR Saunders
from the Atmospheric Physics Group at UMIST visits the school regularly and presents his own state of
the art research. He also encouragest pupils to visit and work in his laboratory during vacations.

The research carried out by the girls in the last three years at Washington Girls' School been
commendable. In the summer of 1989 their findings were submitted and accepted for presentation at the
Second International Conference of School and Popular Meteorological Education in Washington, USA
[11]. Two sixth form girls attended the conference by themselves where they presented the achievements
of the research team. The results presented showed the dependence of crystal shape with environmental
temperature. Following on from these finding during the next academic year the research team focused on
the effect that sodium chloride we have on the crystal shapes. This would indicate any differences found
in clouds over the ocean comparison with clouds formed over the continents. Their results, which were
quite conclusive, were presented in London by two girls at the Royal Society Scientific Soiree in June
1990. Interestingly, rather than their being overwhelmed by this experience, these girls rose to the
occasion sufficiently to be able to give a coherent interview about their research. This interview was
broadcast on the popular BBC Radio 'Science Now' programme.

The present research team continues the study of airborne pollutants. As a result of their concern
for the consequences of the recent Gulf War on the environment, the girls are looking into the effects that
smoke, from the burning of crude oil, has on clouds. The early indications from these experiments are that
the ice crystals grow to comparatively larger sizes and appear to cluster around soot particles. It is
possible to conclude from these laboratory simulations that the microstructure of clouds is significantly
altered by the direct burning of ail into the atmosphere
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CONCLUSION

The pupils fedl this is an opportunity to take part in an interesting and demanding activity that
allows them to discover phenomena for which answers are not yet known. They enjoy wondering why
things happen the way they do and the challenge of trying to explain what they observe. They see that
scientific research requires perseverance and hard work but it is rewarded with the feeling of excitement
and achievement. Their involvement in the research has given them the opportunity to meet and talk with
scientists as felow researchers. My conclusion from observing these pupils involvement in this
challenging extracurricular activity is that the confidence the teacher places in a pupil produces results
which go beyond the stereotypical boundaries of gender.
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SUMMARY

Operation SMART (Science, Math, and Relevant Technology) was developed by Girls
Incorporated in 1985 and continues to employ techniques that encourage young women to enjoy learning
about scientific principles. Self esteem, confidence and problem solving skills are enhanced through
participation in the program. These qualities may encourage girls to choose careers that involve math or
science.

INTRODUCTION

Women have historically made significant contributions to science, math and engineering.
Hypatia, a mathematician in 370 A.D., developed instruments for studying stars, Eleanor Burbidge, an
astronomer born in 1919, became the first woman Royal Astronomer at the Royal Greenwich Observatory
in England, and Marie Curie was the first person to receive two Naobel Prizes--one in Physics, the other in
Chemistry [2]. Natural curiosity, sdf reliance and innovation moved these women to persist in their desire
to ask probing questions and ultimately make important scientific discoveries.

Despite this rich history, young women have traditionally been led to believe that science is a
mysterious, foreboding field rather than one of marvelous discoveries that help us to understand how
things fit together to make an interesting, exciting world.

Girls Incorporated, a national organization with more than 200 informal learning centers across
the United States, developed Operation SMART because of a desireto "give girls a coherent message that
math and science are for them." Early researchers [3] focused on the qualities attributed to successful
scientists: persistence, the ability to question and the courage to try new things. They reasoned that these
qualities could build sdf esteem and, in fact, convince girls that scientific principles could not only be
understood, but mastered. Above all, the process could be fun. Perhaps our most vivid memories about
learning experiences are reflected in things we've done rather than things we've seen or read.
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The premise that self esteem and science mastery are related has been further corroborated. A
nationwide poll designed to assess self esteem, interest in math and science and career aspirations of girls
and boys in the United States showed circular relationship between enjoyment of math and science and
high self esteem. Students who liked math and science possessed significantly greater self esteem--
students with high sdf esteem liked math and science more [4].

Operation SMART builds self esteem and stimulates learning through simple hands techniques
that demonstrate scientific principles. These techniques will be reviewed and discussed in detail.

METHODS

Since it' s incept ion in 1987, the Operation SMART program has been expanded. , valuable
information on its implementation is being gathered in formal and

In the Fall of 1990, surveys were sent to approximately 120 local affiliates to determine the extent
of their implementation of the program. Participants were asked to describe activities performed and to
identify staff responsible for program implementation.

In January, 1991, a team of eleven women participated in a national training event to review
essential eements of the program, participate in hands-on activities, and ultimatdy insure delivery of a
high quality, consistent program to affiliates and other youth-serving organizations (Young Women's
Christian Association, public schools, etc.). A communications network was formed among is training
group. Information about program implementation was obtained rough dialogue with this group.

Limited time and distance prevented on-site visits and evaluation of all programs. However,
several affiliates with strong, functioning programs were served and evaluated in March-April 1991.

DISCUSSION
A girl involved in Operation SMART might:

“Go on a worm hunt, dismantle a computer, make a cloud, measure the wind, design circuit,
shadow a plumber, help an architect draft a blueprint, dig in the dirt with a construction worker, or test the
water with an environmental engineer. "

In informal settings at local youth centers girls gather in small groups of 8-10 perform these
hands-on tasks after school or on weekends. The activities are not rigidly structured with formal lectures,
but involve self-initiated, sdf paced observation and experimentation with materials that have been placed
in an en space, on a table or in aroom. One or two facilitators guide the activity providing brief opening
guestions or statements. Therest of the activity focuses on the girls as they determine their own quest ions
about the activity and Irk on ways to obtain answers.

Facilitators are always present to answer questions and provide encouragement and support. At

the end of the activity, the girl sand facilitators process the activity. Questioning and inquiry continues ...
"What did you observe? How did is work? What do you think would happen if ...7"
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The activities that make up Operation SMART are varied and may involve specia projects,
weekly sessions, field trips or specia events. There are, however, several key elements that are common
to all Operation SMART programs. These can be summarized by the | etters, alphabets, "3 E's and an F"'--
Exploration, Equity, Empowerment and Fun.

Exploration is a key element because it is fundamental to scientific inquiry. Equity is reinforced
through program activities shared in a setting where girls fed free to challenge themselves and their
peers. Empowerment is a vital part of the mastery of tasks that are perceived at first to be too difficult,
puzzling, or "not for girls." Finally, fun is essential to a girl's desire to see the science-based activity as
something to be remembered, tried again and perhaps influential in a career choice.

All of the programs reviewed, evaluated and observed had these key elements:

For example, in San Leandro, California, girls conduct hands-on experiments that give them basic
engineering skills and familiarity with physical principles. In small groups, girls build simulated houses,
towers, bridges and experiment with various building materials - clay, bricks, wood, etc. The program,
Hard Hats and High Heels - An Architectural and Engineering Program for Teen Women, is supported by
local practicing engineers, architects and construction workers who ensure delivery of accurate
information and serve as role models.

In Schenectady, New York girls use power tools such as jigsaws and drill presses to construct
useful items (stools, benches, etc.) in a woodworking shop. The knowledge of practical scientific
principles related to force, leverage, and material strength results in mastery of woodworking techniques
and increases self esteem through the use of tools traditionally used by men and boys.

Program activities summarized from surveys and communication with the training team network
revealed additional interesting techniques:

- Inanactivity called Sink or Float, girls learn about mass, density and related properties as various
fruits and vegetables are placed in tubs of water and predictions about the buoyancy of each abject
are made. Information about the nutritional value of the food is shared and provides added
incentive towards healthy lifestyles. (Girls Incorporated of West Contra Costa County -
Richmond, California)

- At atwo week summer day camp called Girls Build the Future, young women become familiar
with design drawing, hands on use of tools and wiring for electricity. (Girls Incorporated of Lynn,
M assachusetts)

- Inaprogram, Weather Watchers, girls learn specifics about meteorology; observe weather patterns
and record data. The program includes a visit by a meteorologist from a local television station.
(Girls Incorporated of Cobb County, Atlanta, Georgia)

- A specid event, Vascular Valentine Day, features games with girls participating as body parts,
healthy snacks, aerobics with observation of pulse and heart rate and dissection of a sheep's heart
to describe anatomical structures. A female medical student serves as a role model. (Girls
Incorporated of Minneapolis, Minnesota)

Girls Incorporated has developed resource materias that are helpful in the implementation of
these programs. Theseinclude activity guides, planning
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Guides, a videotape, sdected papers and reports, and a research tool kit for evaluation purposes
[5, 6, 7, 8]. These materials are free to local affiliates and are available at moderate cost to non-members.
Organizations desirous of implementing Operation SMART are encouraged to receive formal training
about the program. As Girl s Incorporated works to serve more girl s through Operation SMART,
dissemination of these training materials, networking with the core training team, and committed staff and
volunteers will be vital to the program's continued success. This success,in turn, will insure that
interesting, purposeful, carefully researched programs will continue to be delivered to young women
scientists of the future.
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Girlsand Technology - Some | ssues

Rosemary Pickup
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SUMMARY.

The paper aims to show that the small number of girls studying technology in schools is likely to
be the result of an ineffi~iOnt system of communication. Reference will be made to two curriculum
development projects and the influence of gender on teachers' assessment of students performance. A
woman into Science and Engineering Y ear was the catalyst for the development of an equal opportunities
policy at an infant s school where | was the local authority educationa adviser. The first task was to
investigate whether stereotyping was influencing children's work in school. Creative activity periods are
regarded as an essential feature of best educational practice in the primary phase of education in the
United Kingdom. Normally some teacher direction takes place in order to ensure that each child has a
wide range of experience. In this instance a free choice was allowed and the teachers noted the activities
chosen by the children.

Table 1.

Boys Dominated Girls Dominated

Nursery Bricks & blocks Role Play, Climbing Frame

Main School | Bricks & Blocks, Lego Giant Lego, Motorway, | Role play, collage, painting
Boxcraft,plasticine,Railway, big Builder computer ,Drawing, Music Making

The teachers were particularly concerned as to how they had communicated the notion that use of
the computer was a male activity because they felt that girls and boys had received equal encouragement
and instruction. Since the teachers had elicited the fact that none of the children had access to a computer
at home the most likely explanation was thought, be the software which included subjects such as: boats,
towers, trains, letter bombs and dinosaurs.

In a study ('f the library cards over a period of two terms (12 weeks) it was found that: girl’s
chose 80% fiction and 20% nonfiction: boys chose 60% fiction and 40% non-fiction. Although there had
been some exceptions the teachers had found that
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In general girls became fluent readers at an earlier age than boys. Therefore it appears that
somewhat paradoxically girls higher attainment in reading may have encouraged them to select more
fiction which is of course frequently sex stereotyped. Their limited interest in non--fiction will have
retarded the devel opment of new interests.

Following the analysis of the results of this investigation a strategy for change was formulated.
Two key features were the careful selection of reading materials and the provision of a classroom where
children could use a computer and construction kits in addition to making models using a variety of
materials, tools and equipment. A new reading scheme was chosen after the teachers had consulted
widely and taken expert advice. Although this new scheme may be deemed a success in that there was an
improvement in the general standard of reading, the overall evolution showed that the publisher s
professed attention to stereotyping was inadequate.

This project highlights the difficulties that teachers have when they try to ensure that girls have
access to those educational experiences which are likely to influence their knowledge and understanding
of science and technology. Teachers have the power to ensure that girls and boys work together and that
no activity is perceived as a purdy male or female preserve. Their control over reading material islimited
by the choice available and in this instance no other scheme came so close to fulfilling the teachers
requirements.

Teachers have no control whatsoever over the messages which are communicated to children

outside school, particularly in the crucial early years prior to t he start of compulsory education. Parents
too can only choose from the resources available. Each year new more sophisticated electronic and
mechanical toys are produced and manufacturers spend large sums of money communicating the fact that
these toys are intended for boys. | would now like to turn to a project where | was privileged to be ableto
gather data over a period of several months when | was a Research Fellow with the St.William's
Foundation Technology Education Project, [1]. A third year (13.14 year old) class at a co educational
comprehensive school was charged with the task of designing and constructing a raft. The specification
agreed by the teacher and students included that the raft should: carry two people; be powered by paddles
or some other smple means, potentially open to commercia exploitation and easily assembled and
dismantled. The budget was £10, but additional materials were allowed if obtained free of charge.
The students worked in teams of five: there being three groups of girls and two of boys. The teacher
provided materials for the modeling phase gave an exposition of Archimedes Principle and genera
advice regarding the organisation of the work. The students had already done some work on density
earlier in their Physical Science course and were instructed to undertake their own library research prior
to the commencement of the practical phase of the project. Most of the work was done during what would
normally have been Physica Science lesson time and some mathematics time was used during the
modelling phase. The project made considerable intellectual and social demands upon the students: not
only was the raft the largest and most complex artifact which they had made they had the additional
formidable, challenge of being responsible for the entire project. In this radically change learning
environment teachers would be there purely as consultants rather than fulfilling their traditional
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Role of director of operations.

The leve of application of scientific knowledge varied considerably between the five groups; the highest
being in a group where one girl had done all the calculations. It is a sad reflection on the efficiency of our
communication system that this girl (who was regarded as one of the cleverest students in the year group)
had asked the teacher if he considered her clever enough to study Physics in the subsequent two year
examination course.

Thethree teams of girls were very resourceful; much material was obtained free of charge from a
variety of sources. They were creative and inventive; there being a strong desire to produce an original
design rather than a copy. All three groups of girls had voluntarily spent substantial amounts of extra time
working on their rafts after normal school hours: there were no instances of boys; doing this. The
construction purse was successfully completed in time to meet the deadline for testing the rafts in the
school swimming pool and the girls rafts were the first three to be successfully launched. Following final
modifications the rafts were tested on a small lake a few miles from the school. The testing was
frequently described as the most enjoyable part of the project and the formulation of ideas for the design
was perceived as the most difficult.

An outstanding feature of students' comments was the long term value which they attached to the
experience of working in a group over a lengthy period and taking responsibility for the organisation and
completion of the work. One group of girls had found that they were working as individuals rather than
as ateam; consequently they had signed an agreement that: there would be no more arguments; all idegs,
would be thoroughly discussed; everyone would be kept fully informed and there, would not be a boss!

The picture of teams of girls working enthusiastically and imaginatively on a technological task
provides a stark contrast to the findings of my former colleague, E. Cawthorne, [2] who investigated the
factors influencing the poor representation of girls in Craft Design and Technology (C.D.T.) groups in
secondary schools. C.D.T. may perhaps be regarded as the epitome of gender differentiation since it is
by far the least popular subject choice for girls in the last two years of compulsory education. The
system of class organisation and management observed by Cawthorne was very different from that of
the raft project. It was teacher-centred: the students were heavily rdiant upon the teacher for access to
knowledge, materials and equipment and the checking of each stage of the work. The students' own
knowledge and willingness to work co-operatively were rarely used. In this learning environment girl:
experienced difficulty in gaining the attention of the teacher; were less well known by their teachers and
were more likely to be left to their own devices. When teachers did assist students boys were more likely
to be given additional technical information.

The influence of teacher expectation on students' performance is well known to educationists.
Perhaps the most disturbing feature of Cawthorne's work was the notably different expectations the
C.D.T. teachers had for girl' s compared with boys. Girls tended to be commended for good behaviour.
Conscientiousness and nestness, but: were described as uninventive and having inabilities which
impeded their progress. Whereas boys were more likely to be described as inventive and showing
initiative but were more frequently described in negative behavioural terms. Rays appeared
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To be seen as more deserving of success and only boys were specifically referred to as under-
achieving.

Most of the current research on gender differentiation is related to causes and affects whereas
teachers' priorities tend to focus on practical strategies for change. A significant feature of the two
projects | have mentioned was the high level of parental interest and support. The head teacher of the
infants school kept the governors and parents fully informed of the equal opportunities policy and its
practical implications. Such careful attention 1to communications is essential if a high level of parental
support isto be achieved. In this context the most glaring example of a communications failureis that the
educational and psychological research appertaining to the vital importance of a child's early learning
experiencesis dill largely the property of the professionals; whilst parents remain rdatively uninformed.

Cawthorne's work forces us to address the delicate communications problem as to how we can
help teachers to appreciate the subtlety of discriminatory practices. All teachers take pride in their
professionalism and the suggestion that they may lack objectivity and allow gender to influence their
assessment of students' performance is likely to be strongly resisted. The fact that Cawthorne was able to
find such a disturbing situation at a time when every local education authority has an equal opportunities
policy and vast amounts of research data have been accumulated is in itself a sign of poor communication
somewhere in the system.

Although it would be foolish to draw general conclusions from the raft project it does suggest that a team
approach is worthy of further scrutiny. However, | cannot overlook the fact that the project did not cause
any girls to consider the possibility of further study in technology. Perhaps there is another information
gap: teachers alone cannot communicate the idea that technology is a creative, interesting and vital area of
human endeavour which offers opportunities to both women and men; students need to have some idea
what technologists do and girls require information, preferably at first hand, about the experiences of
women who have embarked on technological careers.

Research has hitherto focused on causes and effects; more attention should now be given to
communication.

1. R. Pickup, Technology Across the Curriculum - A Report of Two Projects, St. Williams Foundation
Technology Education Project, 5 College St. York, Y01 2JF,1989.

1. E. Cawthorne, Girlsand C.D.T.: Overlooked and Undervalued, St. William's Foundation Technol ogy
Education Project, 5 College St. York, Y01 2JF, 1988.
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to Study Engineering
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Lockheed Missiles & Space Company, Sunnyvale, California, U. S.A.

SUMMARY: The United States Society of Women Engineers (SWE) have had great success with the
Educational Programs that introduce much and sciences to the youth of our Nation. The Professional and
Student Section Members are well received by Students, Teachers, and Parents when these successful
programs are presented in our community.

We have all heard the dire government predictions O1 the engineer shortage by the turn the
century and at the 560,000 engineering positions that will not be filled in the United States by the year
2020. These predictions are published in the "NEW FACE OF SCIENCE & ENGINEERING" [I]. A
report by a United States Government Task Force.

How do we, the schools and engineering community, fill this need and reach students that have
the potential of being engineers. Many of these Future potential candidates do not personaly know
anyone that works in the fields of science or engineering. They have no role medals. After all, 95% of the
students in engineering at college have an uncle, a brother. Father, mother or close friend that earns their
living working in engineering related jobs.

I will comment an Some of the programs the 69 Professional Sections and the 249 Student
Sections of. SWE have developed and are successfully using. These Award Winning Progress encourage
young people to study math / science and influence them to consider engineering as a lifetime career
opportunity. These programs were written and submitted through the section Career Guidance Reportsin
the spring of each year. Reports are judged by a Committee of SWE Volunteers as to the most innovative
or the most improved programs that introduce engineering to young people. The annual Awards for the
"Best Programs are presented at the SWE National Convention each gear.
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A FEW OF THE AWARD WINNING PROGRAMS BY THE SWE STUDENTS SECTIONS ARE:

"A PROGRAM TO EDUCATE SCHOOL COUNSELORS' [2] - Who better to reach the young students
than a counselor 7 A person who can encourage or discourage a student just by a word. One year, The
University of California Berkeley Student section invited 115 counselors to an all day seminar. The
counsel ors represented 40 schools from the surrounding area. They heard from College Educators on how
to encourage young students to study math and science. Professors from seven engineering disciplines
presented programs on "STATE OF THE ART ENGINEERING" from their chosen field at Berkeley.
Speakers from Admissions, Financial Aid, and the CO-OP Programs spoke of monetary help available
through the college. The Director of Graduate Women and Minorities Programs offered advice to
counselors on monitoring the atmosphere in classrooms toward girls and minorities. Industry
Representatives presented the opportunities and rewards of working as engineers. The Students told of
their engineering studies and expressed the excitement of being in a University environment.

"CONSIDER THE ALTERNATIVES" 1:2,3J - isa University Student Program designed to work
with Junior High and High School Students. The University students produced an Award
Winning 18 minute slide show on what it is like to go 10 colleges and study engineering. A team
of two Students and one Professional Women Engineer will visit schools in the area. When
visiting a minority school two of the team are to be of minority origin. They relate their
engineering experiences, present their dide show and distribute their "CONSIDER THE
ALTERNATIVES' Brochure indicating the math & science courses necessary for college
engineering entrance.

"GIRL SCOUT ENGINEERING BADGE" [4] - Local Brownie, Girl Scouts and their Troop
Leaders wereinvited by the SWE Purdue Students to a "Sleep Over” at the ~iver5itg. The Scouts
had an opportunity to visit Dorms; go to classes; visit ~oratories; talk to professors, students and
persons from industry. They earn heir Computer or other Engineering Badges at. Workshops
prepared by SWE College students.

"A PROGRAM TO ENCOURAGE MATH" - State University of New York (SUNY) at buffalo
published a Math Book for 6™ through 8" grade students. This MATH-A-THON" [2] Program.
Encouraged the young participants to collect pledges per correct answers in the Math Book. An
Awards Reception was held at which students Gift Certificates were from the local McDonad's
and Burger King.

"ENGINEERING ENLIGHTMENT DAY" [2] - Forty local High Schools were asked to register
students for a special Event at SUNY Buffalo campus. Their "ENGINEERING IS IT FOR YOU"
Brochure was distributed along with National SWE Scholarship information. Films depicting all
engineering disciplines were shown and a local professional-Engineer spoke on “WHAT IT IS
LIKE TO BE AN ENGINERR" guests were taken on a tour of the school's engineering and
science laboratories.

"A WEEK AT THE UNIVERSITY" [4] - The Student Section at The University of Michigan at
Ann Arbor sponsored a week long program for 60 -fifteen to seventeen , old High School
Students to visit the University. There were day lectures professors, Graduate Students and
Industry Representatives. The Guests lived in the Dorm with Counsel ors and University Students,
who led evening discussions financial Aid, Career Options and life at the University, The
program concluded with a Seminar for the Parents. This program was funded through the Student
Section's own Fund Raising Activities.
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1. AWARD WINNING PROGRAMS BY SWE PROFFESIONAL SECTIONS: These programs are
up and above the SWE Basic Career Guidance Programs such as the High School Certificate Awards,
Job Fairs, Science Fairs, Job Shadowing, and Section Scholarship Drives.

"COMPUTER LITERACY | ADOPT A SCHOOL PROGRAM" [3, 5] is an Educational Program
started at an economically disadvantaged Middle School which was plagued far lore than a decade
by a high drop out rate, and administrative turnover. The test Scores were some of the lowest in
Calif. The Computer Literacy Project was established to direct some of the near by community's
abundant resources into a school district which desperately needed outside involvement and
Professional expert. Thelong term aobjectives of the project were to encourage children to continue
their education through High School and College; to reduce the 70% Drop Out prior to High
School Graduation; to raise the level of Technology used by training Students, Teachers and
Administrators to use computers; to inform Students of Career opportunities and lifestyles which
might not be evident in their community; and to build a Partnership between School Staff,
Students and Volunteer Professional s from Industry and the Universities.

The projects major program was a Series of Mini-Courses on Computer Literacy, taught during
the school day as part of the Language Arts Curriculum. The program teaches the fundamental s of
computer use and Word processing, using a Public Domain Software Package called FrEdWriter.
It is easy to learn and students are free to make copies of the software for use at home. The classes
are taught by volunteers from Industries and Universities. Engineers, Computer Scientists, &
Administrative Assistance comprise the teams of volunteers. The only prerequisite for volunteers
is that they be computer literate, interested in children, & committed to contributing their time and
effort to an under serviced Commuting. In addition to the ward processing classes, The project has
sponsored several workshops for Teachers at the school. SWE purchased a MODEM for the Lab
in order that students could communicate with other schools in the area. A Computer Club was
started as wdl as a School Newspaper.

- A gpecid relationship has been established between the Community, Industry the School and
SWE. This volunteer program was so successful it was taken over by the High School District.
Additional programs are being introduced by Volunteers by bringing in Speakers on various
Careers and helping to automate the School office.

- "A DAY IN THE LIFE OF AN ENGINEER" [3, 6] - is a popular New Orleans Section Program
that can be presented each year. This Saturday project is designed for Junior and Senior High
School Students who are capable in Math and Sciences. IT shows the practical aspects of
engineering such as Cost Estimating, Stress Analysis, Multiple Solutions and Competition. The
project chosen was a structural engineering problem to demonstrate to students the Engineering
Concepts of Bending, Compression, and Tension. The Fun Challenge presented to the students
was to design an Elephant Bridge at the local Zoo. Volunteer jobs were classified as to the amount
of time required. The SWE program called for a General Lecturer to introduce Engineering and
Structural Concepts; an Architect to present the problem; Group Leaders, one for five students;
Three to five Contractors to give prices for the cast estimate; and one consultant for General
Engineering Purposes and Information. This project is well received by the schools and has
Funding by the Community.

- "SPEAKERS BUREAU": A Training Session for Professional SWE Members is held each year at
the section level. Instructions are given on how to communicate with an audience of School
Children. Do not use big words, Do not talk down to Students, Be Pleasant, and answer all
questions honestly. If you do not know
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The answer then say you will get back to them or use it as a challenge for a school project. Hand-Outs
given introduce engineering and yet appeal to the school grade being visited. Most presentations are for
one hour in the classroom. and could be on a variety of engineering topics.

"EXPANDING YOUR HORIZONS" [7J -Is a Mill's College "Math Science Network" Program.
These yearly Conferences introduce 6™ through 12" Graders to female Role Models in Science,
Math, and Engineering Careers. The Goal is for these Girls to go h08e understanding the
prerequisites, especially the High School Hath and Sciences, that they need to pursue these
Careers. This program is an all day Saturday Presentation at a local University. OUR local
program last year had 65 different workshops, frail which the Girls and their Parents were to
choose three. One workshop entitled "ENGINEERING THE WORLD AROUND US' was
organized by the Student Outreach committee of SWE. There were 893 young women & 148
adults registered. The post conference evaluations indicated participants were very enthusiastic
about what. they learned.

"HIGHER EDUCATION OUTREACH PROGRAM (HEOP)" [8] - Is a National SWE Program
supported by a NASA GRANT each year for five years. Four Mgjor SWE Sections with large
groups of volunteers have a one week SUIlI1ler Camp introducing Engineering to 8th through
12" grade minority girls. The program starts with the 8" grade and follows the students through
the 12". The Program Structure includes an "APPRENTICESHIP DAY" at a |deal University and
Hands On experience of Engineering principles far the week. This program. Provides in-
Formation to let students know Engineering is a viable option for a lifetime Career for them.
Minority for this program is defined as the ethnic groups under represented in Engineering per
United States Population. They are Spanish, Negro, Native American Indians and South Sea
Islanders.

"4-H SERIES' [9]: This New Program is inspiring & a very innovative program. SWE is just
beginning to be involved. This 4-H Program is "SCIENCE EXPERIENCES & RESOURCES
FOR INFORMAL EDUCATIONAL SETTINGS" (SERIES I. When we hear of 4-H we think of
Cooking -Farming- Raising cattle & Going to fairs. This is "SCIENCE EDUCATION FOR
YOUTH AND THE COMMUNITY". SERIES is a science training for Teenagers with hands-on
activities which build on Science Concepts and Processes. It is designed for an adult to recruit
and train their Teenage Teams. The Teen Teams will present the Science Program to youth of the
4" to 6™ grades. The Teen Teams present "SCIENCING" not with the Absent Minded Professor
image with awhite Lab coat and thick glasses wandering around in a maze. Instead it is every day
ordinary Observing -Comparing -Organizing -Relating Experimenting -Inferring -and Applying.
This is what al children do all day long, they are natural scientist’ s. Parents will attest to this,
when they answer their children's constant Why? Why? Why?

AT PRESENT THERE ARE 6 UNITSIN THIS SERIES:

[."SNAILING “introduces animal science through experimentation with one Common animal.

2.""BEYOND DUCK & COVER" is understanding why and how earthquakes occur, what it is like to
experience one, and how to prepare your community for earthquakes.

3 "CHEMICALS ARE US" explores chemicals that are around us, observe chemical change, provides
community action for identifying hazardous chemicals and how to safely dispose of the.

4."Recycle/Reuse" provides an opportunity for participants to identify the
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Naturally accruing environmental cycles and to develop an understanding of the importance of recycling
in the community.

"Pests’ - The curriculum. Provides activities in developing, understanding, and appreciating what pests
are and what they do.

"Agriculture" - Investigates plants life and experiments with growing corn in a bucket a water.

In order to show you the scientific depth of this program. | will give a brief overview of the
Module "Sailing".

Define the Snail's Speed: Put Snail an wax paper. Measure distance traveled and time. Plat
distance vs. time. "That's Sciencing"

Snail food preference: Determine food Snails like |E. Veggies, Fruit, Honey, etc Graph results.
Typefood Snail likes best & least. "That's Sciencing”.

Snail Race: Need Snail racetrack sheet & timepiece. Can you predict which Snail will win? Can
you alter Snail's speed? is their rdationship between size & were found ? When they ate last; or where
they Graph sizevs. time"That's Sciencing"

Snail Statistics: Need balance scale. Use paper clips as balance. Record weight length
circumference. Collect and record these vital statistics! "That's Sciencing”

Snails and the lightness of being: Place Snails near light of different intensity Does different color
light make a difference. Plot Snail's reaction to light.” That' s Sciencing" -Use flashlight for cool light.

Snails and Chemicals: Surround the Snail with 3 strips of towel soaked in water and: Plain Water
or Vinegar or Salt OR: Lemon or Sugar or Detergent. Record Snail's response. "That's Sciencing”

Record Snail reaction: To Touch, Sound, Puff of air from a straw and Reaction when placed on:
Cotton, Clay, Charcoal, Rubber Bands, Sponge wet, Reaction to Sponge dry, Sand paper wet, Dry,
Mirror, Masking tape sticky side.

A-Mazing Snail: Hake maze of salt water soaked paper towel~. Can you train a Snail,?

Circus Comes to Town:

1. Death Defying Razor Blade Leap: Snail crawls aver sharp objects without being hurt.

2. Tightrope: Snails crawl along a taut string hanging upside dawn!

3. Strong Snail: Harness a Snail and tie to a toy car. Compare weight the Snail pulls to weight
of cars. That isa"Sciencing" proportion.

4. Jailbreak: Place Snail insde nail jail- Predict whether Snail can escape! this is a science
survival tactic.

5. Think up and design other amazing feats (feets) far Snails

The overall goal of SERIES is to increase bath the quantity and quality of science experiences availableto
youth in away that children develop a clearer
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Undersigning of science relates to their everyday life. The activities are designed for youth to
learn and do science in a -no traditional educational Sluing. You'll have to admit. a middle school student
learning from teenagers would be a lot more fun than reading frail a book.

SWE volunteer are Mentors and Teachers. The time dedicated will depend an the module or the
section of module and the audience. The complete module will take a full day with the Hands-On
involvements of the 4th to 6™ grade students.

The "SERIES" Program was designed with the collaboration of, the staff from. Californias
Cooperative Extension Program. The Lawrence Hall of Science, and UC Berkeley's School of Education.
They are responsible for the implementation of the 4-H SERIES Program. The Program is currently
funded -through a Grant frail The National Science Foundation and A Kdlog Grant.

CREDITS:

1. "CHANGING 'AMERICA: THE NEW FACE OF SCIENCE AND ENGINEERING". A task farces an
Women Minorities and Handicapped in Science and Technology. U.S. Government September 1988.

2. H.McCarthy, "BE A WINNER WITH CAREER GUIDANCE", US Women Engineer January
February 1989 pgs.23, 24

3. H.McCarthy. "WHAT'S NEW IN CAREER GUIDANCE", US women Engineer May/June 1989
pg.23

4. H.McCarthy."1989 NATIONAL CAREER GUIDANCE AWARDS', US Women Engineer,
September/ October 1989 pg.23

5. EAllen, "TEACHING COMPUTER SCIENCE”, US Women Engineer September/October 1987. pg.
60

6. M.Higgins ."A DAY IN THE LIFE OF AN ENGINEER". US Women Engineer January/
February 1985. pg.64

7. T.Anagnos,"EXPANDING YOUR HORIZONS' SWE Santa Clara Valley Section Connections August
1990 pg.3

B. SHyler."HELP HEOP"' SWE Santa Clara Valley Section Cannections, June 1990 pg.5
9. Dr.R.Ponzio, Director "4-H SERIES', UC Berkeley Regents, Div. of Agriculture & Natural Resources,
National Science Foundation 1989,1990
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| ntroduction of a Record of Achievement for
Studentsin a University Engineering Department

Ann Morton

The University of Birmingham, Birmingham, U.K.

The value of a broader based education, which encompasses more than pure academic learning, is well
recognised. Recording achievement and planning individual development are essential to the successful
completion of academic studies and to the identification of suitable career choices. A Record of
Achievement (RoA) can be used as an effective means of maximizing the development of individuals; it
is now widely implemented in Schools and in Further Education, but has so far had a limited introduction
in Higher Education.

The University of Birmingham, as part of the Enterprise Initiative, is intending to implement, from
January 1991, an RoA scheme for students. The RoA scheme will assist the student in developing a
profile relating to their personal qualities and transferable skills. The scheme will be introduced first into
the School of Manufacturing and Mechanical Engineering asit is considered that the curriculum delivered
within the Schooal is already capable of providing the student with the opportunity to develop some of
these skills.

The RoA scheme is designed to operate within the existing structure of Personal Tutoring. However, the
ROA is student-led and involves the student in keeping a Working Diary to record how skills and personal
gualities have been addressed and developed within a given period. The Personal Tutor discusses the
Diary with the student, and assists the student in defining aims and objectives for the next period. The
Careers Service will also provide guidance and counselling for the student. The RoA is not intended to be
a formal assessment of these skills and qualities, but is aimed at raising the awareness of the student to
them in order that they are more successful in their studies and potentially more employable when they
graduate. A summative record of achievements will be prepared annually and will be a document
negotiated between the Tutor and the student.
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E13
Women in Engineering: A Fresh Approach

Joanne Scaiffe and Carol Morris

Department of Electronic & Electrical Engineering, University of Sheffield,
Mappin Stregt, Sheffield 51 3JD, U.K.

SUMMA RY:

This paper reports on an ‘open day' held in the Department of Electronic and Electrical Engineering
of the University of Sheffield for fourteen and fifteen-year-old girls from local schools. The aim of the

day isto introduce the girls to the engineering discipline through a series of experiments, demonstrations
and talks.

BACKGROUND:

Following the WISE and Insight initiatives of the 1980's the number of women applying for places
on university engineering courses has steadily increased, reaching 13.3% of thetotal in 1990 [1], (Fig. 1).
However, the percentage of girls gaining' A' level mathematics and physics has remained constant at
around 31% and 22% of the total number of passes respectively [2], (Fig. 2) .

University applications.
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Previous and current initiatives, such as Insight, have tended to concentrate on girls who are
already committed to ‘A" level mathematics and physics courses. We felt that a younger age group should
be encouraged if the success of the previous initiatives were to be maintained and reinforced. The aim is
to provide information for girlsin the first year of their GCSE courses, well before any decision has been
made about' A’ leve choice. In this way it is hoped to encourage more girls to take 'A’ level mathematics
and physics. We also hope to compliment an annual event organised by Sheffield City polytechnic which
takes place over three and a half days for thirteen-year-old girls [3]

The organisers of the event are femal e postgraduate and undergraduate students in the department
who have the support of the academic and technical staff.

THE SHEFFIELD INITIATIVE:

The Sheffield Initiative aims to introduce 3rd and 4th year girls to the engineering discipline
through a series of experiments and demonstrations carried out during an * Open Day' in the Department
of Electronic and Electrical Engineering at the University of Sheffield. We aim to introduce concepts,
rather than detail, by using principles from many scientific disciplines to solve a particular problem. We
will also introduce the ideas of working together and communicating with each other to emphasise the
‘human’ side of engineering as well, as the technical. We aim to show the broad range of problems in
engi neering through demonstrations of the current research in the department. The girls will also be given
ample opportunity to talk to people involved in engineering at the university and in industry by involving
both current students and female graduates who are employed in industry.
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We hopeto test the effectiveness of the day in the short term by asking the girls their perceptions of
an engineer at the beginning and end of the day, and by sending a questionnaire to the school after the
event. We intend to assess the value of the event to determine whether we should hold the event annually
and whether we should involve more departments within the Engineering Faculty.

In the long term we hope that events such as this will become more popular and raise the awareness
of the girlsto the benefits of a career in technology.

THE OPEN DAY:

The response from local schools has been such that two separate open days have been arranged for
June 18th and 19th, 1991. Thetimetable will include the following events.

1. A smple experiment, with instructions, lasting half-an hour. The aim is to 'break the ice’ and to
get the girls used to basic equipment.

2. A paper engineering exercise, also lasting half-an-hour. For this session the girls will work in
small groups. Our aim is to introduce the girls to the importance of communication in
engineering. We hope that primarily the exercise will be fun and we intend that there will be a
competitive e ement with the results being discussed during the closing session.

3. A simple project lasting one and a half hours. Our aim is to give the girls the chance to develop
ideas for themselves and solve a simple problem. We hope that they will develop the processes
involved in producing a working solution to a problem.

4. Demonstrations and Departmental tour, interspersed throughout the day. The aim is to introduce
the girls to applications of engineering which they may not have considered. By involving
undergraduate and postgraduate students, academic staff and graduates of the department the girls
will have the opportunity to talk about engineering and ask questions.

5. A guest lecture, lasting half-an-hour. We intend, quite literally, to end the day with a bang. A
member of the academic staff will give a short lecture which, although demonstrating some
serious scientific principles, is essentially fun.

6. Group discussions. We intend to give opportunities for discussion during tea, coffee and lunch
breaks and in the final group meeting at the end of the day.
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CONCLUDING COMMENTS:

We are unable to comment on the success of the Open Days at present as they are scheduled to
take place in June 1991. This will be reported in a future communication and at the ICWES91
conference. However, we are able to comment on local interest in the event.

We originally contacted every state secondary school within the Sheffield Local Education
Authority (38 in total). Of these, 10 have replied (26%). All those replying wished to send girls to the
Open Day, and the numbers are such that two days are needed to accommodate all those wishing to
attend.

It is significant that the schools which replied are in parts of Sheffield with catchments areas
which include many traditional, middle-class homes. We have, initially, been unable to attract girls from
other areas of the city. The reasons for this are unknown as we have no way of knowing whether the
information is filtering through to the pupils themselves. This is an area in which more effort needs to be
concentrated in the future.

REFERENCES:
1. Annual reports, 1980 to 1990, UCCA.
2. Annual reports, 1980 to 1990, Joint Matriculation Board, Manchester.

3. What is technology, anyway? Mathematics Education Centre, Sheffield City Polytechnic, Collegiate
Crescent, Sheffield.
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WISEST - An Initiative at the University of Alberta

Dr. Margaret-Ann Armour
Department of Chemistry, University of Alberta, Edmonton, Alberta, Canada T6G 2G2

SUMMARY

WISEST, Women in Scholarship, Engineering, Science and Technology is a University of
Alberta committee which has instituted programs to encourage young women to consider careers in the
sciences and engineering. The on-going summer research program, annual conferences and
undergraduate, graduate and staff support group have developed as initiatives which are judged to have
been successful from follow-up studies.

BACKGROUND

Early in 1982, the late Dr. J. Gordin Kaplan, then Vice-President, Research, at the University of
Alberta attended a seminar on microprocessors. The room was packed; there was one woman in the
audience. Already concerned by the low participation of women in careers in the sciences and
engineering, Dr. Kaplan took action. WISEST, Women in Scholarship, Engineering, Science and
Technology was established. The committee has about twenty members including academic staff,
students, professional engineers, representatives from Alberta Education and the Alberta Women's
Secretariat (both Alberta Government departments) and educators. The mandate of the committee is to
initiate action to increase the percentage of women in decision-making roles in all fields of scholarship.
Since women are markedly under-represented in the sciences and engineering, many of the studies and
actions of WISEST have concentrated on these fields.

Much has been written about why young women do not choose careers in the sciences and
engineering and many answers have been given as to why thisis so [1]. It has been argued that there is
something intrinsic to the nature of science as we practise it in the late twentieth century which excludes
women from the field [2]; some have suggested that women are not as good at science as are men [3]; yet
others cite social, cultural, educational and occupational barriers to women entering these fields [4].
Believing that women have a great deal to offer to the scientific and engineering disciplines, WISEST has
initiated several programs to try to build bridges across some of these barriers. Being based within a
university, much of our effort has been directed to university and senior high school students. We
recognize that many young women have made choices by this time and that we are having an influence
on a very small group. However, we are convinced that it is important to build bridges wherever the
expertise and the opportunity exist. Some of the programs of WISEST are described in the following

paragraphs[5].
SUMMER RESEARCH PROGRAM FOR HIGH SCHOOL STUDENTS. [6]

One of the barriers which has been identified as keeping girls from considering the sciences and
particularly engineering as possible careers, is their lack of knowledge of what a scientist or an engineer
does in their everyday work. One of the on-going programs of WISEST is intended to help to break this
barrier. In the program, students who have completed their second to last year in high school spend six
weeks during July and August working in research groups at the University of Alberta. The girls work in
the Faculties of Science, Engineering and Agriculture and the boys in
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The Faculties of Home Economics and Nursing. The program has been in operation for seven summers
and has increased from ten students in 1984 to forty in 1990. It is unique in that the students join research groups
and work on on-going projects, rather than taking specially developed courses. In this way we are making use of
existing resources.

A pool of academic staff at the University who are willing to take students has been developed. Students
are recruited for the program through the science supervisors of the local school boards and directly through the
WISEST office. Students are chosen using severa criteria: in fairness to their University supervisors, they must
show strong academic achievement in the sciences; they should be at least somewhat open-minded about their
career plans and they should have extra-curricular interests. Choosing the students has been described by a member
of the selection committee as both an exhilarating and a depressing experience; exhilarating because of the genuine
interest and quality of the students, and depressing because so many excellent students cannot be accepted into the
program. Each student is paid the minimum wage for the six week's work, a total of about $1,000 (£500). Funding
for the program comes from Federal and Provincial summer employment programs, from Provincial Government
departments, from alocal philanthropic foundation and from the University of Alberta. The program is managed by
a paid! Co-ordinator who works full-time from May to September. In addition to soliciting the research projects
from supervisors and helping in the choice and assignment of students, the co-ordinator visits the students regularly
in their laboratories and maintains close contact with supervisors. The co-ordinator aso arranges weekly gatherings
of all of the students at which time they tour the university, learn about the library system, hear about job trends,
listen to men and women in nontraditional careers talk about their experiences, and share with the group a
description of the work each has done during their stay at the University. The students have worked in the
department of zoology collecting and analysing water samples from lakes in Nonhern Alberta, in the department
environmental engineering studying the effects of various disinfectants on drinking water quality, in the department
of physics analysing the distensions to the earth's magnetic force field which result from the burst of solar energy
which produces the Northern Lights, in the department of |. mechanical engineering gathering data leading to the
determination of the surface tension of various | hydrocarbons and in the department of microbiology studying the
effect on fish of different strains of bacteria.

When asked to evauate the program, the majority of the supervisors have been very positive. Most
faculty who have supervised students have done so for more than one summer and have indicated their willingness
to continue to do so. All of the students have responded that they enjoyed the experience and have benefited from
it. In a follow-up of students who were in the program in 1987, 1988 and 1990, 100% of the respondents were
attending or planning to attend university. A big magority (86%) indicated that the WISEST program had
influenced their choice of field. Moreover, 80% expressed their intention of continuing on to graduate studies or of
entering a professional school on completion of their first degree. Not only does the program provide information
about what scientists and engineers do, it also introduces the students to university life and many of them who have
come up to university a year later have commented on how much more comfortable they fedl than their classmates
who were not part of the program. They also know a staff member to whom they can go and talk over any
problems they may have.

Perhaps the most rewarding aspect for the supervisors and coordinators of the program has been the
surprise and delight expressed by the female students when they realise that "This is engineering (or science); it is
imponant; | can do it!". Our experience with the program leads us to bdieve that it is successful both in
encouraging young women into the sciences and engineering and aso in increasing the likelihood of their being
successful at university and continuing on to post-graduate studies.

ANNUAL CONFERENCE.

When asked to visualize a famous scientist, school children still most often describe an elderly man in a
white coat who is an extremely hard-working and intelligent person and who has worked most of hislife alonein a
laboratory with little time for family life or other interests [7]. Seldom isthe first image that of a woman, especially
of awoman with a so-called 'balanced' life. To try to counter this perception and to help to answer questions about
how a career and a family can fit together, a day-long meeting is held at the University each May for high school
and undergraduate students. The meeting provides the students with both the opportunity to meet and talk
informally with women in a variety of non-traditional careers and to have hands-on experiences in the sciences and
engineering. Titles such as 'Invest in Your Future with RSPs. Rewarding Science Programs, 'Science, Engineering
and Technology: They are for Women Too' and 'Choosing Your Career the
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WISEST Way' have been used. The format of the conference is a plenary session with a keynote speaker or
speakers followed by small group sessions in which the students can question three or four women in non-traditional
careers about the requirements of their work, the qualifications they needed, how they manage their career and their
family and why they chose their career. The small group discussions are facilitated by a teacher. Discussion
continues over lunch and then there are a variety of hands-on activities for groups of about ten students. Each
student participates in two of these activities. They have included working in the water resources laboratory of the
civil engineering department, using a computer program to test the viability of a new product and how many need to
be sold to make a profit, doing one of severa experiments in the chemistry laboratories, making models of strands of
DNA, exploring superconductivity, learning about the Hubble telescope and examining plant cells. The day closes
with a plenary discussion and wind up. About one hundred students and forty women scientists and engineers have
participated in each meeting.

One of the teachers who acted as a small group facilitator in 1990 was the principa of an elementary schoal.
She felt that much younger children could benefit from a similar experience and so in February of 1991, a day-long
conference was held at the University of Alberta for one hundred and twenty female elementary school students
aged 9 to 12. The length of the small group discussions was shortened and group model building competitions were
included but otherwise the format was very similar to that for the older students. Log books were prepared for each
child so that they could record their experiences and reactions during the day. The enthusiasm and. eagernessto try
new things of the younger children made it an exciting and exhausting day. The success of thisfirst venturein 1991
has encouraged the planning of such ameeting annually.

UNIVERSITY OF ALBERTA WOMEN IN SCIENCE AND ENGINEERING (UAYS)

It has been shown that many young women who very successfully complete a degree in the sciences and
engineering choose to move into a more traditiona career rather than continuing on to graduate school [8]. These
are the young women who are needed to fill academic positions in these fields and to help to increase the
proportion of faculty women. In what way can WISEST provide encouragement for female students in the sciences
and engineering? The UAY's, an acronym for University of Alberta \WWomen in Science and Engineering, is amutua
support group for all women in these fields at the University, including undergraduates, graduate students, post-
doctoral fellows, and academic and technical staff. The group meets about once a month during the academic year
and produces a newdletter, the UAY's News, also on a monthly basis. A mailing list of just over five hundred names
has been developed. The names of students who have participated in the WISEST High School Student Summer
Research Program are added to the mailing list each year. Each September the newdetter of the group and a letter
of invitation to the first meeting are sent to femal e graduate students and third and fourth year undergraduates in the
Faculties of Science, Engineering, and Agriculture and Forestry, and distributed to as many first and second year
female science and engineering students as possible. Meeting notices are posted around campus. Meetings have
included panel discussions on topics such as 'Choosing a Graduate School and a Research Director', 'Gender Role
Development' and 'Managing a Career and a Family', talks by visiting women scientists and engineers, including
Dr. Rose Sheinin, a Molecular Biologist who is Vice Rector, Academic, at Concordia University in Montreal, Dr.
Ursula Franklin, Professor of Engineering, University of Toronto, and Dr. Marie Morisawa, Professor of Geol ogy,
State University of New York at Binghampton, and informal pot luck suppers followed by discussion. A buddy
system has devel oped within this group. Students who have questions about a specific course they are taking are
paired with someone who has aready completed the course. The effect this group may be having is hard to
measure, but it has the potential to provide the role models and the informa networking which may help to
persuade some young women of the viability of continuing their studies and of considering an academic career.

In addition, thirty-five graduate student members of the UAY's volunteered to be role models for the pilot
project of the Stepping Stones Program organized by the Alberta Government. The students visited schools in
Edmonton to talk with grade eight classes (13- to 14-year olds) about their choice of career. In this way, young

women who till have choices to make about their careers have an opportunity to talk with those who have aready
made these choices.

CONCLUSION

The members WIWISE' think it isimportant to encourage young women to consider careersin the sciences
and engineering and give much time and effort to try to make it happen? e several reasons. Firstly, we believe in
equal choice and opportunity for all members of
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Our society. Secondly, it is projected that there will be a shortage of trained personnel in these |

areas in the next five to ten years, so that jobs will be available. These jobs will be replacing many' of the
traditiona women's jobs such as switchboard operators and stenographers. Thirdly, men have
traditionally been expected to provide a good standard of living for their family; when it becomes wholly
accepted that women can have careers which alow them to share this role, pressure will be lifted from
men. Finally, it is our expectation that increasing the number of women practising in the sciences,
engineering and technology will bring to these disciplines a broader spectrum of human values.
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The I ntegrated Engineering Degree Programme
Opening Door s for Women into Engineering

Karen Holford, Robert Jones, John Watton
University of Wales, Cardiff, U. K.
SUMMARY

In recent years, industry has begun to identify a need for a new type of graduate engineer, one
with a broad based knowledge of engineering principles rather than specialist knowledge in narrow areas.
This paper discusses the Integrated Engineering Degree Programme at the University Of Wales College
Of Cardiff, which was set up under ajoint D.T.I./Engineering Council initiative.

INTRODUCTION

The Integrated Engineering Degree Programme was initiated in 1988 with the publication of a
consultative document (Engineering Council (1]) which presented a scheme for an honours degree in
Engineering which offered a broad-based curriculum suited to industrial needs. This degreeis intended to
be as intdlectually demanding as a single-honours degree course and to fulfill the SARTOR (Engineering
Council [2]) requirement for the B.Eng qualification. A joint initiative between the Engineering Council
and the Department of Trade and Industry awarded financial support to six institutions to set up pilot
schemes in integrated engineering. These six ingtitutions are; University of Durham, University of Wales
College of Cardiff, University of Southampton, Nottingham Polytechnic, Portsmouth Polytechnic and
Sheffield City Polytechnic. In October 1990, the School of Engineering at the University of Wales
College of Cardiff enroled itsfirst Integrated Engineering Undergraduates, having also secured additional
funding from local industry. In ayear when applications for general engineering degree courses are down
by 4% (source; UCCA), applications to study integrated engineering in Cardiff are up by 25%.

WHAT IS"INTEGRATED ENGINEERING" ?

For those of us who are involved in the integrated engineering degree programme this is a
guestion often asked. Integrated engineering is not a multi-discipline course, it is not a modular course
and it is not a joint honours course. Integrated engineering is an honours degree course which emphasises
both the full integration of traditional engineering subjects and also the linking of academic studies with
industrial engineering practice. The curriculum embraces the disciplines of civil, eectrical, electronic,
manufacturing, mechanical and structural engineering supported by computing, mathematics and science.
Business and management studies together with a European language are all taught in an engineering
context.

Conventional, single discipline engineering courses give the student an initial specialisation upon
which the breadth of training is supposed to be added during future employment. In comparison, the
integrated engineering degree gives the
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Student the necessary breadth initially, allowing and developed at a later stage. This formation
opportunity employment and the aspirations markedly during the degree course.

The integrated engineering course is based upon guide- line syllabuses (Engineering Council [3])
drawn up by a steering committee comprising of representatives from the professional institutions and
from industry. The detailed syllabus is designed to reflect the teaching and research interests ~ the School
of Engineering at Cardiff. The course is a demanding one, which requires a student-centered approach.
Students are encouraged to develop self learning skills in order to cope with a broad course.

A feature of the course is a subject group entitled "Integrating Studies' which is timetabled for
approximately one-third of the total hours. Integrating studies is the vehicle for the integration of the
engineering subjects, with the objective of integrating the learning from formal studies and applying these
techniques and skills to real industrial problems. This is achieved through laboratory projects, industrial
case studies, computing workshops (including the use of computer-based learning packages), seminar
presentation, small group discussion and design projects. The interaction between integrating studies and
the engineering subjects is shown in Figure 1.

h Integrating Studies . . . . . .
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Figure 1. The interaction between teaching the basic physical concepts with in an
integrating studies and the engineering context.
engineering subjects. (Watton and

Jones [4])
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THE INDUSTRIAL PERSPECTIVE.

Industry has recognised the need for a broad-based engineering course for some time. In 1979,
during the committee of inquiry into the engineering profession, which led to the "Finniston Report” [5],
employers frequently described deficiencies of their engineering staff in terms of personal qualities rather
I than specific engineering skills and mentioned the need for flair, enthusiasm, , innovative or problem
solving skills, flexibility and communication skills. There was a general consensus amongst those
employers consulted, in favour of a change in emphasis in an engineer's academic education, with greater
stress being put on the exploitation of knowledge rather than its pursuit. links between industry and
academic institutes are vital for the continuing development of engineering education. The IEDP in
Cardiff has been set up with an industrial advisory board as part of the management structure in order to
ensure that the course is designed to meet those industrial requirements. In the 1990's, technological
advances dominate the industrial climate and it has become clear that the tools and responsibilities of
Chartered Engineers have changed and will continue to change to reflect the changes in the industrial
climate. The integrated engineering degree programme aim is to educate the engineer for a working life
rather than just for afirst job. If support from industry is a reflection of the need for this type of course,
then in Cardiff we have found that need to be great. The type of support we are currently receiving
includes: (a) involvement in the planning and monitoring of the course by appointment to the industrial
advisory board, (b) sponsorship of students and/or provision of industrial training, (c) participation in
project and design work, (d) provision of equipment, (€) secondment of staff for industrial seminars and
case studies and (f) direct cash support s. Companies already supporting the course in one of the above
formsinclude;

Alpha Engineering Services Ltd (Bristol), Allied Steel and Wire (Cardiff), British Aerospace
Commercial Aircraft Ltd (Bristol), British Gas plc Wales (Cardiff), British Steel Strip Products
(Newport), BP Chemicals Itd (Sully), Ford Motor Company (Bridgend), Hoover plc (Merthyr Tydfil) and
South Wales Electricity. Direct cash support from some of the companies above has amounted to over
£75500 for the first three years, which is in addition to the funding of £70000 from the Department of
Trade and Industry. This clearly demonstrates that industry is firmly behind the course.

WIDENING ACCESSTO ENGINEERING - ISPHYSICSA-LEVEL NECESSARY ?

Practicing engineers need to utilise physical phenomena for practical purposes. The question is,
how do we best equip our students for this? Engineering courses can often be deficient in devel oping the
teaching of physical effects as they rely upon A-level physics to provide the necessary knowledge. This
approach does not take into account students entering degree courses without A-levels, neither does it
allow for the fact that the content of various A-level physics courses varies considerably and that they are
rarely taught in the context of engineering applications. A significant factor in the low numbers, in
particular of women, entering undergraduate engineering degree courses may be the requirement for
physics at level. Many girls opt out of studying physics at A-level for various reasons. Despite increased
awareness of opportunities for women in engineering, particularly since WISE year in 1984, there is till
evidence that at the age when A-level choices are made, many girls see physics as a male subject (Gold
[6]). Peer pressure, parental pressure, lack of effective advice and perhaps the shortage of good physics
teachers in Schools are all factors which may contribute to girls choosing not to study physics after- the
age of sixteen, whilst continuing to study mathematics and other scientific or numerate courses. There is
evidence which shows that since 1981, the numbers of candidates taking both mathematics and physics at
A-level has been declining, whilst the number of
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Candidates taking mathematics without physics is rising. Therefore, by insisting on both
mathematics and physics as entry qualifications, engineering degree courses are reducing their pool of
applicants quite considerably. In fact, in the school of engineering in Cardiff, whilst physics is seen as
desirablefor entry to engineering courses, it is not compulsory for any.

STUDENT ENTRY

All candidates are interviewed and assessed on their individual merits. Obviously the courseis a
demanding one, and in general terms, selection is made on the basis that the students should have the
ability to gain second class honours had they opted for a single-discipline engineering degree. However,
enthusiasm and commitment to engineering and to the spirit of the IEDP are regarded as the overriding
factors in selection of students. The Engineering Council [1] has stressed the particular importance of the
need for more women to enter engineering degree courses. They regard the IEDP as M important
initiative in encouraging women to enter engineering, for two main reasons. Firstly, many girls opt out of
Physics at A-level, so the design of the course to enable students without Physics to enter will be
attractive to women. Secondly, the IEDP doesn't involve an initial commitment to a specific branch of
engineering - the Engineering Council also believes that women undergraduates prefer to keep their
options open until a later stage.

EXPECTATIONS OF THE IEDP

For students, the course must be up-to-date in its content and approach. It must be organised in a
straightforward way and be relevant, enjoyable and exciting. The students must fee 1 that they" belong"
to a department even though they may be taught by staff from several departments. The teaching must
promote collaborative effort as well as individual initiative. The course must be firmly related to
industrial practice, promoting relevant training and enabling the student to gain industrial experienceto be
integrated with academic studies. the course must finally promote wider access to engineering without
lowering standards.

Staff must be dedicated to the concept of IEDP, must feel that they are leading a worthwhile
effort and that the students are gaining maximum educational value. It must be recognised that time is
better spent in supervising lively aspects of engineering such as design and project work and in
continuous assessment to ensure progress, rather than spending time on repetitive lectures and single -
subject tutorials. Motivated students can 1 earn fundamental theory, with guidance, from texts, video and
computer-based packages in support of lectures. In conclusion, the IEDP is an exciting new development
in the education of engineers. It will not replace conventional single-discipline courses, rather to provide
an alternative course which will create interest and achieve depth in relation to the whole of engineering.
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Developmentsin Engineering Course Design and
Delivery -IsTherea Gender |ssue?

Denise Morrey

Oxford Polytechnic, Oxford, England.

In the post-Finniston era Engineering Education in the UK has gone through many changes and
there has been a great deal of innovation baoth in terms of course structure and course delivery. This has
been an effort to solve a national problem, namely that of a shortage of good quality graduates and
technicians in engineering and technology, but also an effort to respond to other external factors such as
the' needs’ of industry.

This paper is a summary of some of the main changes which have taken place along with the
rationale behind them. Instead of looking at the overall picture, however, the specific question of whether
anything has been done to try to target courses at that highly valuable half of the population normally
‘'missed' by engineering courses, i.e. women is raised. Whilst it must be the case that everyone involved in
the field is aware of the problem it is the author's perception that little account of this has been made in
terms of course design and delivery. Consideration is given as to whether this would be either practical or
desirable and whether changes at thislevel would be a suitable approach to the problem.

53E



E17
Secrets of Success for the 21% Century
"Recruitment & Retention of Women in
Non-Traditional Professions"

Patti Hinckley

Bowdoin College, Brunswick, Maine, U. SA.

SUMMARY - This paper presents a process for business and institutions to improve productivity and
quality through diversity, creating a world-class generation of engineers for the future through recruitment
and retention of women. The process identifies the critical need for both social and technical applications
necessary to achieve permanent results.

**k%*

The U.S. isin heavy competition with Asian and European technology markets. We have been
and continue to experience a technical explosion that has set many professions scrambling to be more
creative and gain the competitive edge. The Harvard Business Review states that "the real problem is not
technical change but the human changes that often accompany technical innovations." [1] By the year
2000 only 32% of the net new workers entering the work force will be white men and 68% will be women
and minorities. How then can businesses function profitably in the current technical revolution with the
predicted demographic changes and in the shrinking global economy as we enter the 21% century?
Currently, less than 7% of engineers in the U.S. are women, yet statistics clearly show that the future
engineering and science work forcew il include more women. Therefore, women will playa strategic
rolein the future of engineering. The liberal integration of women into engineering and all nontraditional
professions provides the opportunity to build on the strengths of both women and men as we manuever
through the technical revolution.

The successful recruitment and retention of women is a two dimensiona process, both technical
and social. The social applications are the epistemology and foundation for the technical applications. For
equitable integration of women into the professional world, we must attend to both the social and
technical applications. The businesses that come to understand this now -- acting to bring about change
and balance in the current decade -- will gain the competitive edge and be the success stories of the next
century.

SOCIAL APPLICATIONS

Historically, women have not chosen traditional male professions. Aggressive feminists would
have us believe men are at fault. The men's club would have us believe the women are at fault. The fault
does not lie exclusively with either men



or women. Rather, it is a combination of barriers, stereotypes and messages that, over time, have
created imbalance in society.

BARRIERS

Barriers that have kept women out of nontraditional professions in the past did not simply spring up
overnight. These barriers evolved over time and developed in all. Stages of life Barriers from
socialization tend to surface during childhood, education and career. Each phase has new barriers that
interrelate and affect the following phase. A progression of barriers evolves that tend to come to fruition
at different stages of a woman's careers.

When Dr. Doris Kuhlman-Wilsdorf was presented the Society of Women Engineers' highest award at the
1989 National Convention, she spoke insightfully about the status and barriers of women in engineering
and science:

"The problem of lingering anti-woman bias in science and engineering lies as much with women
as with men. It is grounded in what, for the moment, I should like to dub the"Y oda syndrome" in  the
film Star Wars the hero Luke looks for the wise Yoda who shall give him supernatural powers. In the
course of his search heruns into this queer dwarfish creature with-pancaked features, deeply creased dark
leathery skin, hunched back and large peaked ears projecting above his head, whom Luke asks for
directionsto Yoda. Wdll, that was Yoda The Yoda syndrome is based on the smple fact that before
knowing better, we judge, indeed cannot do anything but judge, on the basis of appearance -- and most of
us even now do not expect a successful scientist or engineer to wear lipstick!" [2]

Wilsdorf identifies a cultural barrier that is the result of shared perceptions. She is describing how
visual perceptions affect us, those predetermined images in our mind that are the socially-induced
personal standards by which each of us functions and relates to others. The barriers and resulting
discouragement are not always blatant; on the contrary they are usually subtle, a low voice constantly
haunting a person. These micro-inequities send messages that evolve from stereotypes.

STEREOTYPES & MESSAGES

Stereotypes resulting from socialization surface in the career environment in many forms.
Consider a common example of one typical stereotype affecting women and the implied message the
stereotype sends. "Let me introduce you to the pretty engineer." This sounds like a man's generic view of
women. The focus is immediately directed towards physical appearance and away from the job. What
message does it send? A woman is different, being pretty is somehow a value for an engineer, or sheis
evaluated on appearance rather than professional competence. What does being pretty have to do with the
job qualifications? | chuckle every time | think of flipping this statement around for men. What message
would it send to a man if a woman said, "Le&t me introduce you to this gorgeous hunk of an engineer?"
Imagine relating to peers in such an unprofessional manner.

Other common stereotypes women experience include being addressed as Mr. Engineer and even
the token woman engineer or being seen as fragile and not wanting to get dirty.

Perceptions and messages affect al the people involved. These subtle and not so subtle messages
can and do ruin the work environment for women in nontraditional fields and destroy the professiona
atmosphere. Stereotypes lose all
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Merit judged by the standards of professionalism alone, not to mention those of human rights.
Stereotypical assumptions and behavior have no place in professional environments. Consider the first
line of the preamble to the Code of Ethics for Engineers: "Engineering is an important and learned
profession.” [3] Ethically, how can gender-based stereotypes be condoned in the important and learned
profession of engineering?

WORK ENVIRONMENT

Barriers from socialization set the stage for mixed perceptions and expectations that can develop
into a tense, hostile atmosphere and work environment. The interactions result from opposing perceptions
between women and men which can surface in manifestations that create more complex problems. An
unbalanced work environment cannot help communications or productivity, and will disrupt both until
thereis balance and mutually understood expectations from both women and men.

An inequitable environment also leaves the employer open for litigation and negative public
exposure. In today's world of prolific litigation, how can any manager or company afford to risk such
legal action, loss of time, productivity and money? And in today's changing and competitive business
world, how can any company risk not developing a progressive, diversified and equitable work
environment that supports all employees and ultimately benefits the company? Walt Disney understood
the importance of a diversified staff to the work environment over 50 years ago. Theresults of his success
arewell known. We must gain from his wisdom.

The socia understanding and applications of recruitment and retention that yield positive results
do not happen overnight. They can, however, evolve over time with additional assistance from continuing
education programs, books such as The Female Advantage by Sally Helgesen, and the work of
professional consultants. Top executives must show by example to help employees learn how to balance
the social aspect of the work environment. This will lead the way and set the tone to implement the
technical dimension of a recruitment and retention plan.

TECHNICAL APPLICATIONS

Actively supporting women in nontraditional professions means that companies must make along
term commitment to recruit, develop, advance and retain women. Employee development and
advancement are subjects of many management seminars and books and are a product of individual
company philosophy and policy. Therefore, we will not address these issues here. We will ssimply look at
some basic philosophy to seek out and maintain qualified women employees. The good news is that there
are qualified women engineers to be recruited. One must smply become part of the network.
RECRUITMENT

1. Develop, foster and maintain contact with local, national and international women's support
organizations and socities, e.q., the Society of Women Engineers (SWE), American Association
of University Women (AAUW) and the Nationa Association of Women in Construction
(NAWIC). Get to know the women.

2. Make a commitment to accelerate affirmative action and increase the number of women
engineers and CEO's in your office.

3. Enhance your public reations with women engineers, faculty, professionals, students, high
school and college career counselors to develop a dialogue that will pave the way for future
professionals, students and the public to know about your business.
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RETENTION

Retention is the tough part of a recruitment retention plan. This is where we separate the
progressive companies from the unprogressive and mediocre companies. To successfully retain women,
the minority must learn and understand the majority and the majority must learn and understand the
minority. A stable retention plan paves the way for mutual understanding and adaptation. Consult with or
seek assistance from professionals and other organizations that are developing progressive action plans
for recruitment and retention.

1. Provide support and active involvement from all chief executive officers.

2. Actively research, monitor and take action on the overall company work environment for women
with a commitment to upholding positive role models, equitable salaries, nonsexist work
conditions, eliminate discrimination and maintain career advancement opportunities.

3. Educate all employees about equitable work environments for women, company liability and
human and civil rights.

Be redlistic about the work environment in your company. If your evaluations signal problemsin
the work environment, don't ignore them or give a sunshine report of success. The first step to success is
acknowledging that there are issues and problems that require action and an ongoing commitment to
change.

A commitment to integrate women in nontraditiona professions, to balance the work
environment, takes time and will lead to change in the workplace -- changes that will challenge old
standards, cause conflict and uneasiness in an adjustment period, yet will ultimately provide an
organization with greater diversity, an equitable work environment and a greater pool of skilled and
diversified employees. It is not easy, it will take great perseverance and time. However, the postive
results clearly provide greater quality, productivity and success.

In a speech for the National Women's History Month in 1987, Commander Sue Lyon spoke about
A Blueprint for the Future and expressed her hope for women by quoting from Margaret Truman's book
WOMEN OF COURAGE:

"First, courageis an individual quality of mind and heart which is more dependent on character and
conscience than sex. Second, by focusing on women's accomplishments, inspiration and example
are provided for all women. Equal rights and equal responsibilities will follow. Third, the sooner
men realize that women deserve a place of honor in our past, the easier it will befor them to accept
us as full-fledged partners in our future. Finally, a sharing of courage is the heart of equality. This
isthedirection American men and women must take if our nation isto survive." [4]

Margaret Truman's vision arises from the basics of professional and persona ethics, which are the
foundation of a diverse and equitable work environment where women can simply be accepted for all
their ordinary and extraordinary talents, skills, and contributions. The successful employees and
businesses of tomorrow will understand diversity and practice equity to integrate both social and technical
changes that will create a world-class generation of engineers. Will you be one of them?
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Developing Distance Education for Women in Engineering
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SUMMARY. This paper argues that two recent trends in engineering: the increasing numbers of women
entering engineering, and the need for new forms of flexible training and updating for Europe (and the
world!) 1992 onwards, can both be assisted through open learning and distance education. However, the
particular social context and the preferred learning styles of women must be taken into account in order to
devel op appropriate professional education.

Conferences like ICWES reinforce what employment statistics for Europe and other devel oped
countries have been showing for some time: that more women are studying for and practising as
professiona engineers. During the 1970s and 1980s increasing numbers of women have entered
employment at all levels. As more women have graduated in engineering fields and entered the
profession, and employers have implemented supportive work practices such as maternity leave and
career break schemes, the engineering industry has begun to be a more attractive option for women. In the
1990s the effect of the European Social Charter and the Single European Market should be to offer even
more support to working women, through parental leave schemes for example. Opportunities for
professiona women will be expanded by the possibility of free movement between Member States in
order to take advantage of the best conditions of employment on offer. But women will also have to
invest in education for professional development and - especially in the case of those taking a career
break - updating, in order to take advantage of these widening opportunities.

PROFESSIONAL PARITY AND EDUCATION

The Single European Market applies, but with limitations, with respect to employment and
education. There are obvious advantages to be gained from having a professional qualification recognised
in all member States, as well as more widely. Although there are also other important criteria required for
professional membership, achieving educational parity would be a great step forward. However, the UK.
Department of Trade and Industry reminds us that for the immediate future:

"Existing Treaty and case law does not require member States to accept qualifications gained in
other member States: it merely prevents them from rejecting such qualifications without good
reason “[1.p13]

And although it recognises that educational providers must respond to new demands, its promotion of
change is rather timid:

"Educational institutions and professional bodiesin the UK might also consider building into their
mainstream training elements which will make it easier for UK professionals to
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gain access to professions in other Member Satesand ...with their EC counterparts extend areas of
study they have in common in order to assist professionals across the Community” [ 1p 16]

Educational inditutions and students already show enthusiasm for international work. For example in
1987/8 3,225 full-time undergraduate students in Europe received ERASMUS grants to enable them to study for
some time at a university in another member State. However, only 15% (488 students) were studying engineering!
natural science, and of these only one third (196) were women [2]. It is in the area of professiond training and
updating, rather than undergraduate education, where most expansion is likely to happen, as professionals cope not
only with new technical and manageria skills, but also with the need to be familiar with other languages, cultures
and legal systems. Unlike undergraduates, professionals cannot move to the appropriate educational institution to
study, the study has to be taken to them, and in some stuations follow them around as they move from country to
country.

DISTANCE EDUCATION AND OPEN LEARNING

In the 1980s distance education began to be seen to offer unrivalled flexibility for people in employment
who wanted updating and further training. The image of the low status ‘correspondence college has been replaced
by one of accredited ingtitutions producing high quality self-study materials using various forms of media and new
technology. For anyone unfamiliar with the terms 'distance education' and 'open learning' the following are two
authoritative definitions - not unproblematic definitions with respect to educational debate - but clear and
straightforward ones:

“For education to occur there must be someone who needs educating and someone to do the
educating. This implies that there is both a learner and a teacher, and some form of two-way
communication. In the context of education, distance means that the learner and the teacher are
not face-tojace. Thus two-way communication must take place despite the fact that they are not in
the same room together. Two-way communication can be established using any medium that is
available" [3]

"Open learning: arrangements to enable people to learn at the time, place and pace which satisfy
their circumstances and requirements. The emphasis is on opening up opportunities by
overcoming barriers that result from geographical isolation, personal or work commitments or
conventional course structures which have often prevented people from gaining access to the
training they need.” [4]

Distance education usually incorporates aspects of open learning.

DISTANCE EDUCATION IN ENGINEERING AND TECHNOLOGY

Because of the practical requirements of education in engineering and applied science, running distance
education courses in these subjects has been problematic, unless a student is with an employer who can guarantee
supervised practical experience. In some less developed countries, and those with State control over industry,
technical education has been done - in part through distance education, for example in the USSR, Poland and
Venezuela [5]. However, European distance teaching universities such as the Open University (UK.), the Fern
Universitat (Germany) and the Open Universiteit (Netherlands) have had only limited programmes in undergraduate
technology education. In the Open University, athough in any year about 18% of undergraduate students are
studying courses in the technology area (about 14,000 students) a much smaller number than this are specialising in
technology; most are taking some technology courses as part of a modular degree programme. Students in these
institutions have, in the past, had only a very limited choice within the area: in the Fern Universitat for example only
computer science, eectrical engineering and mathematics were available.

In the 1970s these ingtitutions concentrated on establishing their status as providers of recognised first
degree qudlifications. During the 1980s they expanded into the area of
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Professional training and updating, in both management education and science and technology. In pen
University (UK) the Open Business Schoal has been the fastest growing sector of course provision, with a variety of
autonomous short courses as wdl as a Maders Degree in Business Administration (MBA) and a Professiona
Diploma in Management. There are also, at the time of 19, aimost 40 courses and sdlf-study packs in aspects of
scientific and technological updating, from robotics and knowledge engineering, to polymer engineering and
conservation for management.

European distance education providers are planning programmes for the 1990s in a more co operative fashion, under
an umbrella organisation: the European Association of Distance Teaching Organisations (EADTU). That along with
new legidiation which will enable EC nationals to register as students in ingitutions anywhere in the Community,
will provide a more extensive choice for students. Some new developments are in subject areas such a foreign age
teaching for professionals, others explore new interactive media such as computer mediated communication for
teaching and student support. All are more specifically directed at the training needs of industry, than were the
original 1970s liberal education models.

DIFFICULTIES AND ADV ANT AGES FOR WOMEN OF DISTANCE EDUCATION

Adult women have in the past been more involved in non-vocational education than professional
development. This was not due simply to the fact that women professionals were a small group, but because
employers seemed more willing to invest in the training of male employees, and unfortunately for the UK in
particular, not in very many of them. The authors' research on women engineers in the UK and USA in the 1980s
suggested that these engineers it harder to convince their employers to provide training for them than did their male
colleagues, especially in the management techniques that they needed for promotion. New technology training was
almost non-existent, and engineers were expected to absorb new technologies into their work by trial and error, and
studying the manual. The situation in other countries, for example France, where employers are required to invest
in training, may be better al, but we would expect the gender biasto remain.

It is usually presumed that by its very nature distance education will provide the flexibility adult women,
with family responsibilities need from an education system, because for these women their personal schedules are
set by the needs of other members of the family. As far as the is concerned the Open University developed an
unwarranted reputation of being a‘ housewives university. In the first year of operation: 1971, women were only
27% of new undergraduate students, but by 1981 44% and by 198846%. In the FernUniversitat in the 1980s women
were less than 25% of the student body compared with traditional West German ersities where they were 40% [7].
At the Open Univerditeit in the same period approximately third of undergraduates were women compared with
35% in traditional Dutch universitieq[8].

In al these institutions women are even smaller proportions in science and technology subjects. In the
Open University women are less than 20% of students on undergraduate technology courses, compared with nearly
70% on humanities courses and nearly 40% on science courses. These figures compare well with the proportion of
women on similar courses in traditional UK universities. However, the picture is not so optimistic with respect to
professional updating; the proportion of women on management courses rose from 17% in 1984 to 33% in 8, while
in the same period it dropped from 20% to 7% on scientific and technologica updating courses[9]. This seemsto be
another situation where the necessary involvement of employers - these courses are more expensive than courses in
the undergraduate programme - is so forthcoming for women asit isfor men.

But distance education does have advantages for women, when courses are designed to advantage of their
particular circumstances. One of the most successful initiatives in distance education in technology and engineering
for women has been the Open University's special men Into Technology Bursary Scheme [10]. In this initiative a
group of women with a first degree in science or technology who have been out of paid employment, in order to
look after members of the family are funded to study an OU course as to update their skillsin order to return
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To employment. After the first couple of years the scheme expanded to include a group of women who had
similarly been out of paid employment, but who were beginning technology education, they were retraining to enter
a new field of employment. During the 1980s ailmost 500 women have taken up a bursary, most have completed
their course of study and goneinto paid employment or further study. Apart from the financial help provided by the
bursaries the other special facet of the scheme is the attempt to provide extra support through a special weekend
school and devel oping networking amongst the students. Distance education is an ided way of providing updating
and retraining for women who take a career break for family reasons, however during this time when the family
income is low, there needs to be some way of subsidising student fees.

Research on gender differences with respect to student needs in distance education has begun rather later
than similar research in other areas of education. The work of Carol Gilligan [11] has provided inspiration for many
researchers (including the authors). She demonstrated that women had different ways of thinking about problems
and a different set of intellectual and moral values than had been recognised by previous researchers when they
studied men. Gilligan provides a theoretical base for the teaching methods devdoped in the last twenty years in
women's studies and women's education, including the technology education done in women-only groups and
workshops across the world. Research carried out by one of the present authors, in conjunction with a German
colleague [12] shows that women studying by distance education find the flexibility offered by it very attractive, but
at the same time they didike the isolation much more than do male students. They exhibit a strong desire to have
contact with other students when they study because they find the socia contact intellectually and socially
supportive, more so than do their fellow male students. This does not need need to be a contradiction, distance from
the ingtitution and the teacher does not necessarily mean distance from other students.

During the 1990s we hope to see European initiatives in particular which which address the particular
needs and preferences of women students. Work done by women in the International Council for Distance Education
(ICDE) and the Gender and Science and Technology (GASAT) network is coming together as plans to produce
specially designed international distance teaching material. We look forward to a closer association with
professional women engineers and with employersin the process of this work.
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SUMMARY

Women need the benefit of Technical Training & the engineering profession needs women.
Engineering is the most rewarding profession in India Women must try to have equal share of
participation, contribution and above all, advancement in all branches of engineering including the male
dominated ones.

EDUCATION

The fifth All India Educational Survey, NCER T 1989 reports "There has been tremendous
growth in educational facilities at all a level of education defrag the last 40 years of Independence. The
growth in enrolment and schooling facilities at the primary and post primary stages of education was the
result of the concerted Government effort to implement the directive principles of the Constitution to
provide free and compulsory education to all children up to the age of 14". Unfortunately, so far
education system has not been able to make sufficient contribution towards women's equality.
Theoretically women have the right to equal education but in redlity it is different. Only 22% of rura
women and 55% of their urban counterparts qualify asliterates. A survey carried out by the Committee on
the "Status of Women in India" revealed that higher education for girls is seen to be most favoured by
middle classes for their liberal attitude and for economic reasons, whereas the affluent follow traditional
customs. Thefollowing is the educational development gap between boys & . girls shown in Survey 1980-
81.

Enrolment Total No. of % of girls

boys & girls enrolment
1. All India Institutes 110 million 30%
2. Primary Education 75 million 39%
3. Secondary Education 20 million 34%
4. Higher Secondary Education 10 million 30%
5. College & Universities 3 million 29%
6. Vocations, Polytechnics etc. 3 million 17%
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Women constitute nearly half of Indias population. (Actually during birth the number of
women's ratio is more than parity, i.e. 105:100 but later the ratio declines to 93: 100 due to increased
female deaths in early childhood - obviously due to discrimination).

ENGINEERING

Women's participation in every sphere of education is a critical parameter in the economic
growth & technical advancement of a country. The post-lndependence period in India has, however
witnessed increasing participation of women in every sphere of activities. India has made considerable
progress in the field of Engineering during the last two decades. She has started making inroads to Hi-tech
Engineering. Her engineering exports are picking up but the contribution of women engineers in India
leaves much to be desired. The participation of women to join engineering profession has remained very
low. Thisis a matter of concern on several counts. It means their missing out on an important component
of education. Pressing economic and social needs call for correction of such a situation. For those
employers who are concerned about availability of able recruits to the engineering profession, a young
woman is the largest untapped source.

VARIOUS DISCIPLINES

The development of a profile of women students in Engineering education, the level of their
participation and branch wise distribution is to be studied for the development of career profile of women
engineering professionals. In certain branches women's participation is dightly better, e.g. Architecture,
Electronics Engineering, Computer Engineering and Nuclear Engineering. But certain disciplines like
Mechanical Engineering, Metallurgy, Aeronautical Engineering etc., the disciplines are still considered to
be men's domain. A survey in some Indian Universities conducted by the author has shown the following
admission pattern in the year 1990-91.

% of girls (approx.) Branches

50% Architecture

20% Electronics

18% Computer Engineering
15% Computer Engineering
15% Electrical Engineering
5% Chemical Engineering
4% Civil Engineering

0% Mech. Engg., Prod.Engg.
0% Marine Engg., Naval Arch.Engg
0% Agri.Engg. & Aero. Engg.
0% Mining Engg.

0% Petroleum Engg.
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The reason for such admission pattern is due to the fact that parents and the Institution
authorities believe that studying courses like Architecture, Electronics, Computer science etc. involve less
physical strain. Also after graduation they may get employment in Arch firms, research, TV Stations,
Drawing & Design offices, teaching Institutions and in Government jobs. The college authorities also
encourage women to join these courses. They are biased against women joining courses like Mechanical,
Metallurgy, and Aeronautical Engineering etc. The parents and often college authorities dissuade women
to join these courses and even sometimes just debar women's admission on flimsy ground. There is a'so
an employment problem after graduation in these courses. Men after graduation normally join corporate
sectors, the jobs being highly remunerative. The corporate sectors are not woman friendly and devel oped
male dominated corporate culture through ages. Thus women are always kept away from these highly
remunerative jobs.

SURVEY

A study has been undertaken in the Department of Mechanical Engineering, Indian Ingtitute of
Technology, Powai, Bombay - 400076 by Prof.(Mrs.) P.P.Parikh and by Prof. S.P.Sukhatme. The
objective of the study is to quantify the participation of Indian women in engineering courses to study
their contribution in the field of Engineering and to analyse the factors which influence their careers. A
suitable questionnaire is being prepared for engineering students and working women engineers to
quantify the current status of women engineers and also understand the factors & mechanisms which
result in such low participation of women in Engineering courses and professions. The results of this
study when completed will enable to make some effective suggestions for improving the situation.

TECHNICIAN EDUCATION

The establishment of women's polytechnics worked very well to popularise technician
education amongst girls. But here again the same ideas persisted. The courses conducted in different
women's Polytechnics were Electronics Engineering, Computer Engineering, Architecture and other
vocational non-engineering courses like Commercial Art, Interior Decoration, Secretaria practice,
Library Science etc. and not Mechanical Engineering, Metal lurgy etc.

CONCLUSION & REMEDY

To improve upon participation of women, it would require collective reflection and decision
making. The parameters may be spelt as

i.  Improving self image and sdlf confidence of women in general.
ii.  Educational counselling and career guidance at the primary and secondary level
iii.  Encouraging girlsto take Maths & Science subjects in Higher Secondary education.
iv.  Providing better information to girls regarding employment opportunities in Engineering.
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v. Providing exposure to various science and technical activities through formal and non-formal
COUrSEs.

vi. Providing massive programme of in-service Teacher Training of the girls schools (Secondary &
Higher Secondary) in modern method of teaching to make subjects interesting for proper
implementation of science & technical education.

The fact remains that Engineering is the most rewarding profession in India & Women should be
aware of it. Every effort should be made to make the corporate culture gender-blind to make the

Engineering Companies more women-friendly. A male-dominated corporate culture is an obstacle to
women's success.

Women should not be cut out from the path of climbing to success just because family
responsibilities fall much more heavily on them whether by choice, nature or forced.

For most women, both the burden of family and career sometimes becomes too heavy and that
puts off often their will to success of career. The Government will have to give specia attention to the
admission of girls to the so called non-traditional courses along with all other courses that have much
more employment possibilities and create an environment by changing attitudes and practices to
overcome the obstacles.
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Women in Engineering in Zimbabwe

Lotte Aigreen Reimer

Zimbabwe I nstitution of Engineers (ZIE), Harare, Zimbabwe

SUMMARY

Very few women are engaged in engineering in Zimbabwe due to educational restraints,
traditional and cultural pressures, and absence of role models and lack of career information. Future
action to educate more women in the profession includes organised career guidance, affirmative action
and promotion of women in engineering.

BACKGROUND

Zimbabwe has a well developed industry and there is a great need for skilled people in the
engineering tradesincluding  engineers, technicians and craftspeople. This paper is primarily
concerned with engineers. At present there is a shortage of experienced engineers and expatriates are
filling the gap as well as training Zimbabwean engineers. Those people employed in the engineering
sector as technical staff are almost exclusively male. There are probably no more than 25 women
engineers in Zimbabwe, including expatriates. Using the membership records for Zimbabwe Institution of
Engineers (ZIE) as representative for the country, women comprise 1.5% of the total number of engineers
and 0.6% of the total number of technicians [6]. These percentages (especially for technicians) may be
dightly lower than the real situation since it appears that women engineers and technicians - working
double shifts, one at work and one at home - avoid becoming involved in Ingtitution work and this is
reflected in the registration numbers.

Looking at the University Engineering Faculty and the technical/ scientific departments of the
technical colleges, the percentages of women students enrolled are 1.4% (1989) [7] and 1.1% (1985) [5]
respectively.

FACTORS AFFECTING RECRUITMENT OF WOMEN INTO ENGINEERING

The ratio of women to men at the University of Zimbabwe engineering faculty has not changed
significantly inthe last 7 years[7]. It isalso interesting to note that although the number of girls attending
high school (Form V1) has gone up since independence the percentage of girls has in fact decreased from
35.5% in 1979 to 24.2% in 1986
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[3]. This does not bode well for the future involvement of women in engineering. The overall pass rate
for 2 or more'A' levelsin 1987 was 49.4% for girls and 44.9% for boys [3]. However, considering

(a) The overall 3:1 ratio of boysto girls

(b) Thefact that maths and science subjects are favoured by boys more than by girls and
(c) Thefact that entry to an engineering department requires 3'A' levels

Few girls will attempt an engineering degree course.

The massive expansion of the education system since independence and the vastly increased
enrolment (of both boys and girls) has caused a drastic shortage of teachers and lack of basic equipment,
books, stationery, library facilities and so on [4].

This especialy affects the rural areas. Few rural children, particularly girls, attend university.
There are several reasons for this. For a rural family with little spending capacity it is a mgjor financial
undertaking to send a child through an expensive secondary education. The family would most certainly
favour the son. (Form VI fees for the cheapest high density area school in Harare are Z$75 per term and
Z$315 for the examinations [8]. In comparison the minimum wage is Z$150 per month for waged
workers; a peasant family's monthly income may be far less.) Furthermore many men have migrated to
the cities leaving the women in the rural areas with an even greater work load. Traditionally women are
responsible for all domestic work, child care, tending of gardens, taking maize for grinding, fetching
water, cultivation of "women's crops* (for domestic consumption and bartering), obtaining wood for fue,
grinding by hand peanuts and cereal crops other than maize, keeping chickens, weeding and shelling of
"men's crops" (cash crops) and - in the absence of men - herding cattle, taking cattle to weekly dips,
guarding crops against baboons and undertaking all agricultural tasks and marketing. Rural women rely
heavily on their children and especially their daughters for help, so even if a girl managed to stay on at
school she would be severely hampered in her studies by the number of domestic duties expected of her

[1].

Urban girls in the lower income families face much the same problem as rural girls. The family
will always favour the sons with regard to secondary school. Those girls who do study at secondary level
have to undertake domestic chores which the boys would never be asked to do. This again favours the
boys studies.

As the educational level and occupational status of the parents increase so too does the proportion
of their daughters entering higher education [3J. Generally, female students have better educated parents
with higher status occupations than male students, showing that parents with higher incomes can afford to
educate their daughters aswell as their sons.

Engineering is a "hidden" profession in that the general public is not often exposed to engineers
either in daily life or in the media. The popular idea of an engineer is a man in a boiler suit brandishing a
spanner. This is the perception of most school children. When they do come into contact with the
engineering profession it is almost inevitably through male engineers, role models with whom the girls do
not identify.

Career guidanceis sporadic and in many schools completely absent
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With regard to the engineering professions. Often the information about tertiary education entry
requirements is given too late for the pupils to choose the right combination of subjects. In addition non-
availability of teachers can deny children access to the necessary subjects. One example is a Harare high
school which had no physics teachers for a year (and some of the Form VI pupils were taught English
Literature instead) [8].

Most engineering students are sponsored through the university. Sponsorship! Can be a problem
for women students. Women are expected to marry, have children and drop out of the job market.
Therefore they are often seen as a bad investment. As one woman experienced: 111 needed a bursary to
help finance my studies. This proved a major praoblem. | was invited to very few interviews and in
retrospect | do not think | was taken seriously at the ones | attended. The interviewer' s main worry
seemed to be that 1 would not complete the course and if | did complete it | would immediately get
married and stop working. M eanwhile the men in my class who received lower marksfor' A’ level and 1st
year already had bursaries’ [12].

Having embarked on an engineering education femal e students face different problems to those of
their male counterparts. They generally have to prove themselves, while the men are expected to be
“natural engineers". They often have family pressures that the male students do not experience. If they are
single and living at home they are usually faced with domestic duties and if they are married they are
expected to be responsible for the home [3].

This trend continues after graduation. At a "Women in Management" Seminar in Harare in 1989 [11] it
was amost universally reported that the women - no matter what their job - were responsible for
organising the home and bringing up the children. Even women, who felt that their husbands were very
supportive of their career, told the same story. This was largdly attributed to public attitudes. Thereis a
strong feeling of what a "woman's job" is and men, however supportive, are not willing to assist for fear
of ridicule—and presumably also because of the inconvenience. There is a great deal of pressure from the
extended family for a couple to conform to traditional roles - home keeper and bread winner and it takes a
strong man to withstand that pressure. One woman who studied in England together with her husband told
her story: "We shared the housework. When | was away all day 1'd come home in the evening to a cooked
meal and clean children. Welived like equals for four years but within three months of returning home (to
Zimbabwe) my husband's family had convinced him that he was degrading himself doing "women's
work" - so children, home and all that goes with it was suddenly my responsibility, even though we were
both working full time" [11].

Another problem experienced by married women at the conference was that of promotion which
involves travelling. Many men are not prepared to allow their wives to travel without them in what could
be construed as a morally compromising situation. As one woman put it: "My husband will not let me go
away for conferences. He saysthat | cannot be with all those men there and that everybody will think that
I am promiscuous. Heaven knows what heis up to when he goes away" [11].

FUTURE ACTION

Positive steps have to be taken to encourage women to take their place in the engineering world.
Printed material and other visual
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Aids for career guidance should portray women as well as men. Too often half hearted attempts
to include women in the target group serve only to appease the conscience of the publishers while the
publications are in fact giving out conflicting messages. An example is the existing ZIE Careers Guidance
booklet [9] which states that "(Engineering) is a career which is equally suited to both men and women
although in the past it was considered as a man's job" but nevertheless features men only in al the
accompanying illustrations. An effort must be made to ensure that the engineering career advisory teams
include women members whenever possible. Female role models need to be included in the public image
of the engineer if thereisto be a change in the present ratio of women to men in the profession.

The Zimbabwe Government has pledged its commitment to the promotion and advancement of
women. This commitment partly manifests itself through the application of "Affirmative Action” within
the Public Service. The Public Service Commission has agreed on a policy which is outlined in a
Ministerial Statement [10]. In summary, the aim is for women to hold 30 percent of management
positions in the Public Service. This goal is to be achieved through training and further education of
women employees and - in the case of an equally qualified male and female candidate - by giving
preference to the woman. While this goal of 30% women in management may be along way off as far as
the engineering sector is concerned it should serve to encourage women in this as well as other
professions. Affirmative action can play an important role in the process of changing public opinion. As
government policy, and thus applied in the public sector [13], it could be very effective. Also, with
government being the main sponsor of students there is hope that more women will obtain sponsorship
for engineering studies.

Traditions die hard and it is a dow process to introduce women into traditionally male
professions. Eventually it is hoped that higher living standards will be attained which will enable women
to be educated on an equal footing with men.
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Kenya which now spends 34% of her GNP on education has in the past 27 years seen a steady
increase in number of primary and high schools, colleges and universities. Girls constitute almost 50% of
the enrolment in schools. Inspire of this noticeable trend an insignificant number opts for the engineering
faculties. For example in 1980 the faculty in Nairobi had 3 names in the nominal roll of 235; in 1988 the
number had increased to 22. By 1990 the engineering faculties will have 11 departments in mechanical,
civil, electrical and eectronics, surveying and photogrammetry agricultural engineering, and production
and electrical technology.

The choice to enrol in the faculty starts with the selection of mathematics, physics and chemistry or
mathematics and physical scienceat A’ level and normally at A’ level reading mathematics, physics and
chemistry. From a sample of schools between 1980 and 1985 it was noted that compared to boys schools
arelatively smaller number of girls schools offered the combination leading to entry requirements. For
schools with facilities for teaching physics majority of the girls joined such faculties as medicine,
agriculture, veterinary and science general.

Presented in the paper is the enrolment of women in the engineering faculties from 1980 to 1987 and
subsequent relative performance. The professional training and experience in employment is based on a
representative sample of women graduates. demands for graduates in industry is still high; only two
women are members of the teaching staff; civil engineering tops in the list of women graduates who are
registered; and agricultural engineering has no fully registered engineer.

Presented in generalized form are comments from teachers, career masters, education directors,
parents, faculty members and industrialists. Generally, engineering and subsequent practices, are least
understood. Metalworking generally "taken™ to form the bulk of the engineering practice traditionally was
confined to the blacksmith clan. Besides being a guarded secret from all other intruders, it was taboo for
women to approach the workplace. The paper enumerates methods to popularize the subject among the
girl students, career masters and parents.
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SUMMARY

Science, technology and mathematics education is a common heritage of men and women alike,
If scienceisto be a medium of change and development for all, special efforts must be made to encourage
girls, who are sometimes left on the periphery, to study science.

The Ghana Education service and the Association of Women in Science and Technology in
Ghana are reaching out to secondary school girls through In.'ogl'ammes of Science Clinics and career
guidance.

INTRODUCTION

Science has been described as “a shared heritage" of humanity [1], Most governments now accept that
education plays the most important role for the rapid economic, social and intellectual development of a
country. In the light of current trends in development, science education holds pride of place in the
general framework of education. The 1965 Pug-wash Conference of Venice declared that “science
education as an integral element in general education, like the skeleton within the human body, supports
and gives form and power of movement to all else” [2]. for effective development, no country can afford
to leave 50% of the population, the half that consists of women, out of the process of scientific,
technol ogical and mathematics education (STME) and application.
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THE ROLE OF SCIENCE EDUCATION

If science is to fulfil the expectation that it is a medium of change and development, then a
country's Science education programme must be planned to achieve the following broad aims.

1. To make learners appreciate, through its presentation, that science is a living and ever-changing
subject of study.

2. Toportray the beauty of science by showing theinter-play between experiment and theory, and to
demonstrate the logical development of ideas and the link between facts and ideas.

3. To teach learners the basic principles and the laws of science through indoor laboratory
experiments as well as outdoor nature activities. To encourage learners to observe and explain
natural phenomena by systematic laws.

4. Toinculcate an attitude of independent penetrating enquiry into learners way of thinking.

5. To make learners aware of their social responsbility in the practical application of their
knowledge to solve problems of the society.

6. To infuse into learners a sympathy with measurement methods, a careful approach to
experimental accuracy, and the ability to communicate clearly.

If Women are to participate fully as agents and beneficiaries of development in a world which is
constantly and increasingly changing in technology, then strategies must be devel oped to encourage more
girls into science, technology and mathematics education (SMTE). The scenario in Ghana, according to
available statistics shows a low participation of women in Science and Technology. (see Table:1)

PAST SCENARIO

Available records indicate that in most of the early schools in Ghana, girls were taught the basic
home crafts cookery and housekeeping in preparation for the expected role they would play in society as
keepers of happy homes, wives and mothers of contented husbands and children. It was believed that the
pursuit of scientific studies in school would only lead to outside jobs that might encourage women to
abandon -their traditional roles.

PRESENT SCENARIO
In recent years, specia efforts have been made by the educational authorities in Ghana, to address
the imbalance of girls to boys ratio in science [4, 5]. School and University intakes still show very small

proportions of female to male in the pure and applied sciences. There is a myth that boys perform better
Mathematics and Science than girls. Unsupported by any
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TABLE 1A: GIRLS REPRESSENTATION IN SCIENCE IN GHANAIAN SECONDARY SCHOOLS

REF: WEST AFERICAN EXAMINATIONS COUNCIL DATA, 1986/87

FEMALE PARTICIPTION IN SCIENCE IN GHANA UNING 1987 MAY / JUNE W.A.E.C.

G.C.E.*O LEVEL RESULTS

TOTAL SAT

ENG.
LANG.

MATHS

ADD
MATHS

PHYSICS

CHEMISTRY

BIOLOGY

GENERAL
SCIENCE

ADD
GEN
SCIENCE

HEALTH
SCIENCE

AGRIC
SCIENCE

30116 | TOTAL

28936 27394

5922

5569

5380

8371

4801

378

4512

1185

BOYS
(*0)

70.9 78.6

88.1

89.1

87.2

74.3

54.7

82.8

53.2

.7

GIRLS
*0)

291 214

119

10.9

12.8

257

45.3

17.2

46.8

22.3

NOTE: ADD MATHS Comprise Add Modern Maths and Add Traditional Maths

TABLE 1B: FEAMLE PARTICIPATION IN SCIENCE AND MATHEMATICS USING

1986 AND 1987 MAY / JUNEW.A.E.C. G.C.E.“* A" LEVEL FIGURES

SUBJECT 1986 BOYS | GIRLS | 1987 BOYS |GIRLS
NO.OF (%) (%) NO.OF (%) (%)
STUDENTS STUDENTS

MATHEMATICS | 2476 %52 |48 2180 95.2 48

PHYSICS 3133 809 | 101 | 3241 88.8 11.2

CHEMISTRY 3201 894 | 106 | 3301 88.6 114

BIOLOGY 1280 812 | 188 | 1627 82.6 174
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Facts arid figures, this myth has been accepted by many people, including women and girls.
However, our studies on the examination results of three categories of schools

A Single-sex girls schools

B Single-sex boys schools

C Mixed schools

Seem to indicate that girls performance in Mathematics is at par with that of buy:", [6] .

Through the institution of Science Clinics for girls, the Ghana Education Service has started a
process of motivating more girls into science by exposing them to women in science, lectures and
practical demonstrations and on-hand activities. The Association, of Women in Science and Technology
in Ghana (WIST) has a programme of career guidance to schools on regional, district and local levels in
order to reach as many schoal girls as possible.

FUTURE SCENARIO

With the introduction of a new educational structure in Ghana, whi8h alms at exposing all
students to science, several girls have started secondary school courses pursuing subjects like Technical
Drawing which were male preserves for a long time. These changes, and the efforts of WIST and the
Ghana Education Service Clinics, should usher in a new era in which gender stereotyping in science
education will be a thing of the past.
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Gender Differencesin Communication in
Engineering Classesin Nigeria

Eunice A. C. Okeke

Department of Science Education, University of Nigeria, Nsukka, Nigeria

The presentation is the outcome of investigations into the processes and styles of communication
that exist in engineering classes in selected engineering schools in Nigeria, with the main purpose of
identifying any gender differences and relating the same to observed differences in achievement.

The paper has the following outline. A brief report on women in engineering in Nigeria. A short
review of literature on classroom interactions and the participation of girls in science and technology. A
summary report of an investigation into the problems of communication in engineering classes.
Discussion of results of an investigation in relation to the participation and achievement of girls in
engineering in Nigeria. Suggestions for improving the communication skills of teachers of engineering to
minimise gender inequalities in the profession.
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Educating Modern Engineers. CAD Tools and Communication

Rosemary Cobley

School of Engineering, University of Exeter, Exeter, U.K.

SUMMARY

Modern engineering education makes extensive use of Computer Aided Engineering (CAE) tools.
The problems of graphical communication for visually handicapped students are discussed using two case
studies. Alternative communication options are stressed. New opportunities are outlined for CAE
graphical interfaces.

INTRODUCTION

Engineering design, manufacture and testing are central areas of engineering education and
training for undergraduate students. Computer aided engineering software has since the early 1980's
played a major role in assisting the design process. The benefits of using networked computers for
information storage and analysis has been enhanced by recent advances in computer hardware, which has
allowed the graphical entry and display of data.

At Exeter University students of the School of Engineering participate in wide range of
engineering design activities. These cover the broad techniques for mechanical, electronic, civil and
chemical engineering. A concurrent approach has formed the basis for many of the design tasks. The
students work in groups when undertaking mini-projects, which are formulated to develop professional
engineering skills.

The developing CAE programme has been adapted to the recently introduced modular course
structure [1]. The students initially use entry level software for sketching activities. This leads to more
complex CAD software for numerical analysis, 3D modelling and finite dement analysis. An extensive
range of electronic design software is introduced from schematic capture and circuit simulation leading
through to printed circuit board and VLSI device layout.

The students are taught how to use the software and develop an understanding of the underlying
features and limitations in its use. Wherever possible the latest. Professional software and computer
systems are made available. However, even | with advanced engineering workstations or powerful PC
platforms and software, there are still many areas for improvement when humans interact with machines
in the design process, particularly for those engineers with any form of visual handicap.
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COMMUNICATION WITH COMPUTERS

The development of engineering workstations has enabled CAE software to provide a more
graphical communication environment. Particular features of these machines include the opportunity to
use multiple windows to run several engineering operations at one time. In general the displays of
workstations have offered a higher resolution than PC based computers. This level of resolution together
with zooms and pan facilities enables the display of detailed circuit schematics and mechanical 2D
drawings. The common feature of engineering design software is the use of a menu system, which
although initially keyboard driven has evolved into the selection of menus and submenus (Figure 1), by
moving a cursor via a mouse or graphics tablet. This combination of features with faster and more
powerful machines has helped to improve the productivity of the modern engineer.

StatusLine
Pull Drawing Area Screen
Down (Graphics) Menu

Menu

Command Prompt Area

Figurel. Typical CAD Menu System

However problems remain with these versatile graphical interfaces for partially sighted students,
particularly the:

Small text size for menus and help information
Small cursor size for object selection
Thinness of lines for objects and route layouts

To overcome some of these problems, software requires to be customised for visually
handicapped students. A less graphical form of inputting data would prove efficient for those students
with limited vision. Recent experience with students of the School of Engineering provides examples of
how visually impaired students can cope with the current CAE tools. The two case studies provide details
of changes that were made to assist them in their engineering education.
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The first engineering student, who graduated in 1988, had slight tunnel vision. To assist him in the
general study process, normal A4 typed hand-outs in lectures were enlarged to A3 size for ease of
reading.

During the CAD course he attended, where a range of interactive work with computers was
necessary, the input of data files was possible by the selection of alarger character set on the engineering
workstation. During the course the students worked in pairs on CAD projects. Hence for the 3D modelhng
and Computer Aided Manufacture assignments he was assisted by his partner on some of the more
visually demanding aspects.

This student successfully completed a final year electrical project using the engineering
workstations to analyse the design of specialised transformer circuits. The analysis software SPICE could
be manipulated by text file input and the simulation data displayed, plotted and enlarged. This facility to
provide enlarged text on screen is thus invaluable for a student with a dight vison impairment and
demonstrates the need to provide a range of options for controlling professional software.

The second engineering student, who graduated in 1990, had a more severe visual handicap having
previously attended a specia school. Her vision was limited but she was able to distinguish 1 inch size
characters on paper or screen if they were in black and white. Hence difficulties were encountered with
menus and help information display. However, prior to arriving at Exeter University, she had gained con-
siderable skills in the use of braille Sponsorship from GEC Marconi enabled the purchase of an
electronic braille punch and an embossed paper copier for her use. In normal engineering studies she was
able to produce reports using a standard keyboard and provide sketches using plastic film. Practical
experiments were augmented by the use of a video camera system and monitor to assist the viewing of
meters, oscilloscopes and printed circuit boards. Normal size text book print was enlarged using a
microfiche reader.

The individual assignments of the CAE programme were modified to allow the use of text input to
the graphical systems. The PC based computer aided drafting project, meant that co-ordinates of points
could be typed and sketches enlarged on screen by azoom facility. The main problem was the inability to
change the size of the cursor for selection of entities on the screen. In the final year the student enrolled
on the VLSI Design course, which used the engineering workstations. This required the creation of a
specid font set that she could view [2]. The schematic entry system for designs could be textural or
graphical. Similarly the simulation output could be viewed in tabular form. There would have been
problems in implementing manual layout routes for this student had that proved necessary, however the
automatic chip layout tools of the system were successful in routing.

Thefinal year project undertaken was the writing of PC based software for a teletext system. The
student was sponsored for a new vision system by a special fund of the IEE upon advice from the RNIB.
This provided enlarged text from text files and control of the text display on the screen. All the visual aids
assisted the student to successfully complete the course. However, a link between scanned text to en-
larged screen text and braille output would have made the transition smoother.
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FUTURE COMMUNICATION TOOLS

The options for communication between humans and computers have improved over recent years.
However as the two case studies have indicated, much can be done to increase facilities for inputting data
and its display. New developments fall broadly into categories of software advances and hardware
interface improvements.

CAE software is continually being modified to enable the modern engineer to become more
productive. Developments of the interface towards a video user interface [3] will increase the ability to
record and retrieve graphical data. However in the case of visually handicapped students, specia facilities
will be required. These include better control over the menu system to modify text size and the number of
submenus. The graphical interface could be improved with the use of a modified cursor and thicker lines
on-screen. Typed text could be scanned in to a system, recognised as a text file, with the resulting file
trandated into braille [4].

There are advances occurring in the hardware interface field. The use of adequate voice
recognition [5] and adequate speech synthesis would make the data input and retrieval process more
efficient for all engineers. The more recent developments of cyberspace systems [6], which use a
stereoscopic display helmet with control from head movement or a specid glove, may open up further
opportunities to assist visually handicapped studentsin their careers as engineers.

CONCLUSIONS

The computer aided engineering programme at Exeter University has been recently modified to
reflect new course structures and adapted to meet the needs of particular students. This environment
requires the assessment of new software and hardware advances as they become commercially available.
The needs of two visually handicapped students were accommodated and their engineering experience
widened by the use of modified CAE software and special hardware.

However the experience of these students indicates areas that need further attention. These
include better control of text size, cursors and size of lines in the graphical interface. Alternative options
provided by newer advances in software and hardware interfaces, including less visual input control, may
pave the way for the communication of engineering ideas and the training of students for the world of
modern engineering.
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Biomedical Engineering Education

Nancy Leanne Davis

Southern Methodist University, Dallas, TX, Texas Instruments,
Dallas, TX

Biomedical engineering progress has over the past 100 years provided the technology required
for successful diagnosis and treatment of diseases, surgery, and treatment for physical disabilities - in
short, providing a better life for many who otherwise may not have even survived. It seems that only
recently, however, have engineers been specificaly trained for the biomedical discipline of
engineering.

In this paper, an exploration of biomedical advances of the past, present, and future will be
synopsed with the technological ramifications of future generations of biomedical engineers. A brief
synopsis of biomedical education available in the united states, but emphasizing the state of Texas at a
graduate level and possible programs stressing the importance of science education at pre-collegiate
levels.

A survey of biomedical engineering majors at SMU will be reviewed in relation to these other
topics discussed above.
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Tracking the Gender Barrier Through Declining I nterest in Technology

Moyra McDill and Marilyn Johnston
Carleton University, Ottawa, Ontario, Canada
SUMMARY

Female enrolments of under 20% are typica of many undergraduate programmes in Canadian
engineering schools. This limit has been attributed to a gender barrier. The subject choices of over 13000
children in enrichment mini-university courses and summer camps are examined. The participation rate of
girls in technological subjects such as engineering shows the gender barrier becomes a significant factor
as early asagenine.

INTRODUCTION

There is general agreement that efforts should be made to attract more women into engineering|l].
Unfortunately, female enrolments of only 10 to 20% aretypical of Canadian engineering schools athough
in some programmes the numbers are higher. The 10 to 20% limit has been attributed to a gender barrier.
Certainly, an examination of children's perceptions of their future found that gender was the most
significant variable in determining their responses [2].

The objective of this research was to identify the age at which the gender barrier seriously affects
young women.

METHOD

The principal source of data was the Enrichment Mini-Courses Programme for bright and highly-
motivated students from ages 13 to 18[3]. During the 1982 to 1990 period, 163 mini-courses involving
6250 students were offered at Carleton University. The gender and age of the students in each course
were obtained. The courses were categorized into 4 content areas. arts, social sciences, science and
engineering. The engineering category included technologically-based disciplines such as architecture,
industrial design and computer programming. In all cases the participants had a free choice of subject
area.

Additiona data for 6967 children between 9 and 15 years of age were obtained from 4 university
sites, each in a different province. Carleton University, University of Calgary, University of Manitoba and
Simon Fraser University run children's summer camps which combine athletic and academic modules.
Data were obtained for the period covering 1987 to 1990. Some sites provided data for only a portion of
this period. Gender and age, where available, were obtained for each of the sites. The children chose aca-
demic modules with 4 or 5 components. The engineering content ranged from 0 to 50%.
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SPSSX[4], was used to analyse the age, course content and gender data for the mini-courses and
children's camps.

RESULTS

In the mini-courses, a chi-squared test showed a significant effect of content area on gender ratio.
The ratios of enrolment differed across content areas with engineering having the lowest female
enrolment. The overall percentage of female students enrolled in all mini-courses was 50.5%. Arts had a
female enrolment of 62.9% and social sciences had a female enrolment of 60.2%. Science and
engineering had significantly lower female enrolments of 38.5% and 20.2% respectively. Although this
study is directed at engineering, the low female enrolment in science should also be a concern. Figure 1
shows the gender ratio by content area for age 13. The same pattern was found at every age level
examined.

11T .
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Fig. 1 Gender ratio for mini-course enrolment for age 13, sample size: 2087.

Surprisingly, age had no significant effect on gender ratio in any of the content areas. This is of
particular importance in engineering where female enrolment was as low as 24.3% at age 13. Figure 2
shows the gender ratios for engineering. Although there is a dight downward trend with increasing age,
thereis no significant change. The gender barrier, in terms of the enrichment mini-courses, is in existence
by age 13.

The data from the children's camps were less easily analysed due to their diverse nature. For
example, ages were available only from Carleton and Manitoba. There was a marked variability among
the sites and the low student numbers in some modules made interpretation more difficult. It should also
be noted that the students' selection of courses was more limited than in the mini-courses. Parental
guidance, which can contribute to a gender barrier, may playa larger role in the students choices,
especially for the younger children.
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Fig. 2 Gender ratio for mini-courses enrolment in engineering, sample size: 1031.

A chi-sguared test on the overall gender ratio showed a significant site effect. Over the entire age
range of 9 to 15 the relationship between engineering content and gender ratio, as shown in Figure 3, was
significant at Carleton University, University of Manitoba and University of Calgary but, for unknown
reasons, not at Simon Fraser University. Carleton and Calgary show a monatonic decline with increasing
engineering content. At Manitoba, where the sample size is larger, the decline occurred for engineering

contents between 20 and 40%.
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Fig. 3 Female enrolment at children’s camps, sample size: 6967.

Although low number of students, only 387, may make the data inconclusive, Carleton's camps
show a significant engineering content effect at ages 11 and 12. The larger sample size at University of
Manitoba made it possible to examine the age effect at that site. The effect of engineering content was
significant at every age level. In Figure 5 the percentage female enrolment for an engineering content of

40% is shown. Although there



b a slight increase at ages 13 and 14, female enrolment is as low as 30% as early as age
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Fig. 4 Gender ratio for University of Manitoba children’s camp for 40% engineering

content, sample size: 758.
CONTRIBUTIONS AND CONCLUSIONS

This research shows that the gender barrier becomes a significant factor in the lives of girls as early
asage 9 and is firmly in place by age 13. Efforts to address low enrolment of women in subjects such as
engineering often target women between the ages of 16 and 18;e.g., [5]. The authors fed that programmes
aimed at these women may add to the numbers in engineering at the expense of the science subjects,
which also suffer from low female enrollment. Clearly, to increase the number of women in
technologically based programmes, society must remove a gender barrier that affects girls in their early
school years. It is the authors opinion that programmes to alleviate this gender barrier should be geared to
the needs of children younger than age nine.
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The Marie Curie Society - Encouraging Women to
Enter Scientific Careers.

Karen, Bonthrone, Diane Gordon, Nuala Fitsymons, Lisa Mcintyre and Gabrielle Walker.

Department of Chemistry, Lensfield Rd, Cambridge, England.

SUMMARY

The Marie Curie Society has been set up by graduate women in the Department of Chemistry at
Cambridge University. Itsaim is to provide a communication link between our members and professional
women scientists. A description of the work of the society and its meetings is followed by the results of a
survey carried out to ascertain the information which women post-graduates would like on careers in
science.

INTRODUCTION

The recent report by the Hansard Society [1] entitled "Women at the Top” has shown that women
are under-represented at the higher levels of Science and Engineering. One reason is that women are
trained as scientists but then fail to choose scientific careers. A departmental society can playa role in
reversing thistrend by encouraging links between women scientists and women graduates.

The Marie Curie Society was founded in September 1989 in response to the perceived wishes of
the female post-graduate students in the Chemistry Department at Cambridge University. Its aims are
two-fold; the encouragement of greater social links within the department and the dissemination of
information of particular relevance to women chemists; it is not designed to be a pressure-group.

Membership is open to all women graduate members of the Chemistry Department. This includes
PhD students, post-doctoral workers and members of the academic staff. In addition, women graduates
working in professional chemistry or rdated fields are also digible to become members. There are
approximately ten meetings a year, alternating speaker and social meetings as appropriate. Although
reatively informal, the society has a well-defined structure. It has a written congtitution and there are
three executive positions (President, Treasurer and Secretary) and others (Publicity, Social Secretary etc.)
which have a twelve-month tenure. However the Committee encourages all members to participate in the
running of the society, more formally at the AGM at which a quorum of 20 % of the membersis required.
Fundil 1g via subscriptions from members is considered inappropriate. The department, which paysfor all
speakers travelling costs, allocated £100 as a start-up
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Grant. Additional funding has come from industrial sponsorship and donations from the
Cambridge University Chemical Society.

MEETINGS

Speaker meetings have a mostly informative function. People are invited to give talks on issues
which affect a member as future professional chemists- the encouragement of more women to enter the
profession is implicit within the aims of the society. Moreover eminent women scientists are invited to
speak on their research interests in recognition of the effect of role models on junior scientists. Below is a
summary of some of the speaker meetings organised by the society. It is included to demonstrate the
variety of information that is communicated.

Dr Margaret Farago "The Work of the Women Chemists Committee of the Royal Society of Chemistry”

Dr Farago explained that the crucial time for professional women chemists and their career
prospects seemed to be if or when they choose to have a family. Flexibility at the workplace in terms of
creches, job sharing schemes, flexitime and maternity leave were often found to be woefully inadequate.
She also described the role of the Women Chemists Committee of the RSC. One of their objectives is to
pressurise employers on the issue of career breaks for women having families and to disseminate
information about the employers who can provide the best facilities.

Professor Dorothy Hodgkin "Beginnings"

Over a hundred people came to hear the Nobel Laureate, Professor Hodgkin's talk. She described
work that she carried out in Cambridge in 1932-34 in collaboration with J. D. Berna. The research
involved x-ray crystallography on a number of interesting compounds, which included penicillin and
vitamin B12, work which culminated in her receiving the Nobel Prize for Chemistry in 1964. It was
particularly interesting to glimpse what it was like to be a chemist, and indeed a woman, working under
conditions very different from those today.

Dr Mary Archer "Life After Chemistry"

Dr Archer described her transition from academic chemist to businesswoman. She gave a
fascinating insight into the worlds of television, radio and city insurance. Of particular interest was her
assessment of the benefits and indeed disadvantages that had accrued from her experiences as a chemist.
However Dr Archer explained that a major regret of her current work in finance and entertainment was
that there was rarely enough time to study the topic of the moment in depth.

Ms Yvonne Brill "A Woman Chemist makes it to Outer Space”

Ms. Brill gave an entertaining description of her career. She had some fascinating insights to give
into the world of space technology, and the role that chemistry can and does way there. Ms. Brill was
involved in the space program during its infancy including the introduction of hydrazine as a rocket fuel.
She has worked for NASA, RCA and has been a Space Consultant, also finding time to a bring up a
family.

Dr. Joan Mason "The Thin End of the Wedge: Women in Science
Dr Mason related some of the more entertaining stories arising from her research into the history
of women in science. She discussed both the difficulties of
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women to be accepted in the Royal Society, Royal Society of Chemistry and also the University
of Cambridge, the last university in Britain to admit women to degrees.

Professor Daphne Jackson "The Retaining and Retraining of Women Scientists'

The late Professor Jackson gave an invaluable talk on her successful fellowship scheme for the
retaining and retraining of women scientists. She described the difficulties encountered by women when
they want to take time off to have a family and explained how the scheme encourages universities and
industry to take on women who have been retrained.

Ms Nina Hall "From Chemistry to Journalism"

Ms Hall gave a brief introduction to her career, from a degree in Chemistry, to being an editor for
New Scientist. This was followed by an outline of an average week in the life of a science journalist, the
deadlines that have to be met and the people involved. She also provided information for those interested
in taking up scientific journalism as a career.

THE SURVEY

A survey of eligible members was carried out in the department in order to ascertain whether the
society was meeting the needs of its members and in order to generate new ideas. Of a total of 75 to
whom questionnaires were send, 20 replies were received. Whether this relatively small number is dueto
alack of interest in the society, apathy or work commitment is unknown. All those who replied felt that
the society was beneficial. Some of the comments included:

"Keeping women in science, and attracting more women to science are going to become more
important not less, given the increasing lack of suitably qualified people. The Marie Curie Society at |east
plays a small part in smoothing the way forward. "

"I think it benefits all scientists to learn more about our role in society; the sensitizing of men to
womer s issuesin science.”

Many women enjoyed having a forum where issues rdating to women in science could be
discussed. It was also felt that the society had provided an outlet for speakers who would otherwise not be
given an opportunity to speak on these issues. Most respondents liked the format of the meetings. It was
fet that they were congtructive and at the same time friendly and relaxed. Since all speaker meetings are
open to women and men, this helps to keep the talks a a level where they were informative but not
exclusive. Many of the men attending felt that they benefited too.

The survey also asked respondents to comment on the aims of the society. Most agreed that the
general ethos was essentially correct. The majority felt that the providing of information and role-models
were the most important aspects of the society. Some of the comments which arose were:

"The aims of the society should be to give talks related to the role of women in science, and to
bring the female community together.”
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"To encourage and promote the continuation of women in a scientific career: Discovering reasons
for the current fall-off and communicating the information obtained where a successful career has been
maintained."

The final question asked, was for ideas for future events or information that could be obtained and
distributed. It was suggested that future speaker meetings could examine the role of women scientists in
other countries. Other contributions included inviting personnel officers of major chemical companies to
speak about how they recruit and retain women scientists. Also scientists from other disciplines could be
invited; to date mainly women chemists have been invited to speak. There was aso arequest for panel-led
discussions, debates, and "how-t0" meetings on a variety of topics including making presentations,
interview technique and finding child care. More information on career breaks, child care, maternity leave
and job-sharing in various companies was requested

THE FUTURE

It seems clear from the result of the survey that the prime role of the society is to provide career-
related information of relevance its members. Another committee post, that of Information Officer, whose
main role will be to collect material to be stored in the Departmental Library, will therefore be created.
Thesociety is gradually acquiring a library of relevant literature for the general use of all members. These
have taken the form of information packs from industry, the Women's Committee of the Royal Society of
Chemistry, newspaper articles and books. Links have already been established with Cambridge University
Careers Service and national societies such as WHEN (Women in Higher Education Network.) It is hoped
that further contacts can be made with other scientific departments within the university and with
industry.

The structure of some speaker meetings will also be adapted to involve more skills-based seminars,
in liaison with the Cambridge University Careers Service. Personnel officers from major chemical
companies will be invited to talk about returner schemes and child-care provision, subjects which the
survey showed to be most important to the members. It is considered that there should be fewer social
meetings arranged, since they tend to be less successful than speaker meetings. They will, moreover, be
geared towards specific events such as the Christmas party or the introductory cheese-and-wine

CONCLUSION

It is both vague and difficult to define the success of the general aims of the society let alone
measure them, but we fed that it is well on the way to achieving them. The society has provided a
chance for women graduates to have some idea of what faces them during a scientific career and have
been shown that it is possible to achieve success at all levels and-often in conjunction with bring up
children. Equipped with this kind of information, it is hoped that women will take up the challenge of a
career in science.
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SUMMARY

This paper describes initiatives supported by the School of Engineering Information Technology at
Sheffield City Polytechnic to stimulate womer s interest in the engineering profession. It highlights work
done on engineering taster courses with examples of practical sessions. Feedback from a recent survey of
course participants is also presented.

INTRODUCTION

Efforts to encourage young women to consider an engineering career start early at Sheffield City
Polytechnic. The School of Engineering Information Technology attracts interest first by means of
technology appreciation courses for local 12-13 year old girls, then fosters their interest and enthusiasm
by a weekly Y oung Engineers Club.

For 16-19 year olds and mature returners, a residential engineering taster course is run each
summer. These attract young women from all over the country. Run in partnership with local industry
they give an insight into the variety of challenges offered by an engineering career. Practising women
engineers and current students provide role models and can advise on alternative career routes. Response
to a recent survey of past course participants has been overwhelmingly positive. Many commented that
the course had been the "deciding factor" in their choice of Higher Education course. This has encouraged
the continuing development of work in thisfield.

RANGE OF INITIATIVES

- "What is Technology Anyway?" a 3-day non-residential coursefor local 12-13 year old girls has been
run for the last 4 years. It is designed to help girls find out more about computing, engineering and
information technology. It challenges the myth that technology is not for girls and introduces them to
possible careers in technology before they choose their GCSE subjects. The most recent course took
thirty girls from eight Sheffield Schools. They worked on projects using computers and engineering
equipment, visited the local Science Park, and talked with women studying technology and working
in science, engineering and computing.

- Young Engineers Club, a weekly club for girls started in January 1990, and is based in the SCEPTRE
(Sheffield Centre for Product Development and Technology Resources) workshop in the local
Science Park. This makes use of Polytechnic engineering facilities to concentrate on longer term
practical project work. The girls' projects are wide ranging, they include stripping down and re-
building a mini-tractor, building electronic kits (such as sound-effect and
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Flashing tri-colour LED circuits) and constructing model bridges and wind powered vehicles. Three
members of the club took one of their projects to exhibit at a national celebration of Britains Young
Engineers at Gatwick Airport in July 1990.

- Access conversion courses have operated since 1987 for both male and female students without
suitable maths/physics qualifications. These now form a full-time foundation year for nine of the
Polytechnics' degree courses.

- Recruitment of women technology lecturers: still a very small, but increasing, proportion of our
technology lecturers arefemale.

- Engineering taster courses Sheffield t s week long residential courses for women only have operated
since 1984. These have targeted both 16-19 year olds and mature returners, informing and influencing
their career choices. They are run in partnership with the EITB (Engineering Industry Training Board)
and have the active support of local industry. These courses have proved singularly successful, and a
more detailed outline is given below.

ENGINEERING TASTER COURSES

Work first started on WISE (Women Into Science and Engineering) courses in 1984, with the

addition of EITB supported HILIGHT and INSIGHT courses in 1989 and 1990 respectively. Since these
were over-subscribed, several one-day events were added for unsuccessful applicants. The basic format
includes:
(a) Introductory sessions giving a broad overview of the different branches of engineering, and range of
work done by professional engineers.
(b) Practical work tackling a variety of engineering projects to give hands-on experience. Examples
include build and test of electronic circuit kits, circuit simulation on Apollo workstations, 3D logo design
and manufacture using CAD/CAM equipment, fibre optic splice and test and set up of a variety of
communications links. The fields explored embrace eectronic, communications, control, production,
metals and materias, civil and mechanical engineering, with the more recent addition of engineering
physics.

(c) A day spent in local industry giving a taste of life as a practising engineer. A range of engineering

functions have been experienced in, amongst others, the local steel, chemical, manufacturing, €ectronics,

instrumentation and control industries. This shows day to day application of engineering principles and
the different roles of engineers. Several local firms sponsor course participants, and offer further work
shadow opportunities as well as sponsorships of Higher Education courses.

(d) Advice and discussion sessions with practising engineers and female engineering students, covering

career opportunities, qualifications required, courses and sponsorship/scholarships available.

Further details of the electronic and communications hands-on sessions are given below as
examples of the introductory engineering project work used.

ELECTRONIC PROJECT CONSTRUCTION AND TEST

The time allocated to this activity is approximately two and a half hours. Each person is given a
project pack, containing a circuit diagram, € ectronic components, and a printed circuit board (PCB). The
circuit is first built on breadboard to ensure it works correctly, and when this has been satisfactorily
completed, the circuit is soldered onto the PCB.

Theaim of the session isto give an insight into how circuits are traditionally designed and tested,
before being manufactured into a PCB.

In the early years of the course, the circuits were soldered onto sripboard, a time consuming and
error prone process. With the availability of alow cost PCB service within the School, it became much
easier to build a circuit that worked first time. It was also possible to give a demonstration of a PCB
manufacturing process, to show how circuits are produced in an industria environment.

TEST AND SIMULATION OF ELECTRONIC CIRUITS

This activity also takes approximatey two and a half hours, and is split into three distinct parts:
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(i) The student spends approximately one hour building an amplifier circuit on a breadboard. A power
supply, signal generator and oscilloscope are attached, and the participants monitor the input and the
corresponding output, then calculate the amplifier gain. They are encouraged to produce a graph of gain
versus frequency, and the term frequency response is explained.

(if) A demonstration isthen given of an IEEE-488 test system. This system essentially does the same tests
as the student, but instead of a dozen dots on the graph, it produces 200 readings. A computer controls the
power supply, signa generator, and multi meter, with an oscilloscope displaying the input and output
signals. The computer then takes the readings and produces a graph on screen, with the option of sending
the results to a plotter, also connected to the IEEE-488 interface.

(iii) Finally, the participants are introduced to the Apollo workstation and the concept of analogue circuit
simulation using SPICE. They use a schematic capture package, CASS, to enter their circuit and its
component attributes, and SPICE to run the simulation. The results can be shown graphically. The
simulation output is compared to that of the actual circuit, and it can be seen that the correation is very
close. Thereistime for a discussion session afterwards, to explain the benefits of computer simulation.

COMMUNICATIONS

This session is aso given approximately two and a half hours. Demonstrations are set up which can be
experimented with showing:
(i) An audio and video fibre optic link from a microphone and video camerato a TV monitor. This uses
SWFM (square wave frequency modulation) to transmit a signal along 1 kilometre of fibre. Additiona
inputs and displays are available for investigation.
(@ii) A similar link (with the same end points) but using FM microwave transmitter and receiver dish
antennae. This system demonstrates microwave transmission with a potential 10 mile range. The same
receiver is shown to pick up signals from satellite television stations; another is used for geostationary
westher satellites.
(iti) Computer communications and interfacing are demonstrated using a pulse code modulated (PCM)
transmitter and receiver to send data along coaxial cable. A 20 mA current loop is used to demonstrate a
common industry standard interface.

COURSE APPRAISAL

Using feedback gained informally and from questionnaire responses at the end of each course, the
activities have been modified to meet the percelved needs of participants. For example, a choice of type
of engineering firm they visit (instead of a random selection) was introduced, and a presentation session
was added for participants to share their own industrial experience with the others - an opportunity to
input to the course. The presentation session also allowed better assessment of the success of the
industrial visits. In addition, to reflect the increasing use of computer workstations in engineering, more
time has-been allocated to computing, since this is a style of work that engineers of all disciplines will
have to become more familiar with.

Further feedback has been gleaned from a recent survey of 1984-1989 course participants. The courses
were originally designed to stimulate women's interest in an engineering career - feedback from the
survey revealed some additional benefits. As a bonus the courses have given participants the confidence
that the full range of options is ‘open to them, and given a preview of Higher Education life. Quoting from
some responses to the recent survey:

"When | was on the course | was doing a YTS in Fabrication and Welding. The course made me realise |
could do better and go further. I am now doing a full time apprenticeship at Pilkington' s plc, with the
chance of sponsorship at University if | wanted! "
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And another:

"I thought the format of the course | attended was excedlent and helped me make a positive decision to
study engineering.”

The courses did not over-glamorise the engineering profession, seeking rather to give aredlistic taster and
allow participants to make informed choices - quoting again:

"The course was very interesting, informative and enjoyable, but | decided that engineering was not for
me!"

From the survey results, there seems to have been a good take-up rate. Of 88 replies, 43 have
embarked on a career in engineering, and a further 20 have chosen pure or applied science or maths
courses. However, it is difficult to determine if the participants would have entered engineering in any
case.

Although our courses focused on particular branches of engineering, the participants choices
span the full spectrum of options. Several said that they had gone on to engineering summer jobs or work
shadow schemes to find out more. Nine mentioned that they had gained sponsorships for their Higher
Education courses.

CONCLUSIONS

As outlined above, a range of activities have been developed over the past seven years. The
developments' increasing momentum is due, in part, to the enthusiastic response of participants. Feedback
has been overwhelmingly positive. Although it is difficult to measure a positive outcome for Sheffield
City Polytechnic in particular, it is believed to be beneficia to the professions recruitment of women
engineers. This has encouraged our continuing devel opment of work in thisfield.
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Facilitating Girlsand Women's Access to
Engineering: A Case Study in Higher Education

Pennie Ottley

Centre for Women in Technology, Design and Manufacture, Faculty of Design and Technology,
Lancashire Polytechnic, Preston, U.K.

There has been considerable interest in the UK in attracting women into and and back into the
workforce generally and into engineering and computing in particular. Unlike the earlier WISE 84
initiative, there appears to be a government strategy to encourage women into HE (and FE), through
widening access and for women returners to update their skills. Reasons for this are suggested and
responses by government, industry, professiona bodies, educationa institutions and voluntary bodies
which can be traced from the end of the 1970s, are outlined and their responses (and, in some cases,
inconsistencies) highlighted.

A case study of the Faculty of Desigh and Technology, Lancashire Polytechnic, is then described.
The Faculty has developed a strategy that has grown out of and now reinforces the Polytechnic's
ingtitution-wide policies (its Mission Statement, which is dedicated to widening access, equa
opportunities in employment, the use of language and equal opportunities in academic affairs, eg
curriculum development, delivery and assessment). The strategy also draws on the experience of earlier
research and initiatives and incorporates action research including a project investigating Asian women
and girls' access to technology. The experience gained from the various initiatives is, described and ways
forward are suggested.
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| nter -Species Communication

DervillaM. X. Donnelly and Fionnuala M. Walsh

University College Dublin, Dublin 4, Irdand

The use of pesticides has proved a magjor failure in the control of insect pests. The problems
include the inducement of secondary pest species, pesticide addition and, not least, the severe harm to
non-target insect species and the environment. Various aspects of insect behaviour are exploited for
control purposes, for example, feeding behaviour which is exemplified in the complex relationship
between the pine shoot moth (Rhyacionia buoliana) and the host plant, the lodgepole pine (Pinus
contorta), an understanding of which should provide the long term solution to the problem. Preliminary
host preference research has indicated a variation in susceptibility to R. buoliana between the coastal and
inland provenances of P.contorta. The role of the photochemical in the host plant to the pine shoot moth
will be described.
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Inter - species Communication

DervillaM.X. Donnelly, Mary T. Dunne and Fionnuala M. Walsh

Department of Chemistry, University College Dublin, Dublin 4, Irdand

SUMMARY

Preferential attack by Rhyacionia buoliana on the Coastal rather than the Inland provenance of
Pinus contorta was observed. Two larva attractants, 19-succinyl-epitorulosol and its methyl ether, were
found in the Coastal buds as well as a notabldy low concentration of 3-carene and neoabietic acid. The
aggregation pheromone was identified as (E)-9-dodecenyl acetate and was synthesised from (Z)-9-
octadecanoic acid.

INTRODUCTION

Man has a rich and varied ecosystem of informal scientific communication. It has developed
through Universities, Research Ingtitutes, Academies, learned Saocieties, besides personal patronage and
Networking through various channels - data links, electronic mail etc. - linking scientists working on
similar problems in related fields. This informal communication system is complimentary to the formal
system of papers published in refereed journals.

The importance of person-to-person communication in the scholarly community is without
guestion. Scientists however communicate by a forma language which often divides them from those
persons responsible for national and international policy, and this result on occasions in generating a
mistrust. The media of communication try hard to educate the public and depend on the scientists to act as
advisors. Therefore one must give thought to the nature of the ideas communicated; the means of
communicating ideas and the modes of communication.

The common mode of communication for scientists is audio-visual whilst the communication
system of plants and insects is based mainly on chemical signas - the chemical language of nature.
Chemical agents are of major significance in the adoption of species and organisation of communities.
Chemical ecology, hasin recent years expanded and the study of alldochememic interactions have shown
how chemical compounds from one species affect the growth, behaviour or population biology of
organisms of another species [plant-plant interactions, plant-insect interactions, plant-animal interactions].

Volatile chemicals that act as messangers between members of a species are termed pheromones.
The pheromones are secreted outside the body and act to regulate the external environment by influencing
other individuals. The behavioural responses are varied and categories of pheromones are recognised
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E.g. stimulatory, signalling a pathway or presence of an individual (aggregation, reproduction);
inhibitory pheromones which are concerned with defence and protection

Flowers on the other hand offer colour, perfume, pollen and sometimes they seem to offer sex
itsdf. For example orchids of the genus Ophrys are almost exclusively pollinated by bees and wasps: It is
the males which are attracted and excited by a combination of olfactory, tactile and visual stimuli from
the flower. These signals reease sexual behaviour in the males so they try to copulate with the flower
labellum. Floral sex is a proxy affair.

The potential use of chemicals in communication is for exploitation as biological control agents.
The use of repdlant secondary metabolites as antifeedants might be especially advantageous. In principle,
the pest could be controlled by starvation. Secondary metabolites of the terpenoid group have been
demonstrated to act as allelochemics.

The interaction between phytophagus insects and their host plants is well documented. In terms of
evolutionary history this interaction is relatively recent. Fossil evidence for herbivory was first recorded
from the early Permian. Plant evolution therefore preceeded this major interaction by about 70M years.
The complexity of the relationship of insect and host is well demonstrated in the pine aphid Cinara pinea
(Mordr.). and its host plant Pinus sylvestris. Seasona changes within the tree influenced growth,
development, reproduction and mortality of the aphid. Host induced changes were the dominant factor
(other than predation) in limiting population growth in the C. pinea. It was Fraenkel (1959) who formally
attributed host selection by insects to the presence or absence of repellants and attractants in plants which
were otherwise of uniform food value.

HOST INSECT INTERACTIONS - PINE SHOOT MOTH/LODGEPOLE PINE
The European Pine Shoot Moth (Rhyacionia buoliana) isa major pest of pine in Ireland, the most
severeinjury occurring to Pinus contorta (L odgepole pine).

Prdiminary host preference studies indicated a variation in susceptibility to R. buoliana between
the Coastal and Inland provenances of pine. The moth showed a preference for the Coastal provenance,
laying her eggs on the bark of the tree. Previous researchers [1] subjected the leaf oil terpene composition
of P. contortato chemosystematic studies in order to distinguish between Coastal and Inland provenances.
The Coastal provenence was characterised by more than 50% 8 -phellandrene, 2-3% 3 -phenandrene,
<10% f -pinene and < 1 % camphene. In contrast the Inland contained 15-45% [ -pinene and <50% p-
phellandrene. We report comparable results but observed 20% B-pinene in the coastal sample. The most
notable difference in the bud analyses was the absence of 3-carene from the Coastal provenance. The
lack of attraction of the pine shoot moth to the Inland provenance need not necessarily be attributed to the
presence of 3-carene in the Inland provenance, as attraction or repulsion could equally be due to the
synergistic effect of the volatile constituents [2].

LARVA ATTRACTANTS/ANTIFEEDANTS

The major damage to the Lodgepole pine is caused by the larvae feeding on the leader buds. A
study was aimed at the communication system on a molecular basis i.e. the secondary metabolites as
attractants in the Coastal and the potential antifeedants in the Inland provenance of the pine. Isolated from
the Coastal buds were five known diterpenes, seven bicyclic diterpenes of which two were new natural
products, 19-succinyl epitorulosol (1) and 19-succinyl epitorulosol methyl ester (2). Both new metabolites
behaved as attractants to the pine shoot larvae. The hydrolysis product of both new natural products was
13-epitorulosol (3) which elicited a trend of negative responses that increased with increasing
concentration. 13-Epitorulosol is considered an antifeedant.
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DEFENCE MECHANISM

The pine shoot moth has a defence mechanism i.e. the laying down of atent to protect the larvae
from predators. Less than an hour after the egg hatches the larva starts spinning a web. It is a process that
is continued throughout each instar period. When the third-instar larva bores into the bud from the shelter
of the web, the first bites are incorporated into the web. The larva coats the web with resin which is
carried as droplets from inside the bud. An analysis of the "tent" showed the presence of resin acids
obtained by the larva from the host tree. Interestingly, a high concentration of 13-epitorulosol resulting
from ingestion of the succinate esters 1 and 2 was observed. The "tent" contained also neoabietic acid, a
resin acid which had not been found in the buds (see Table). In addition to the resin acids, six of the
corresponding aldehydes were present in the resin tent. The aldehydes were identified as pimaral,
sandaracopimaral, isopimaral, dehydroabietal, abietal and neoabietal. Aldehydes have been reported to
occur inthetwigs of other pine species, P. palustris, P. densiflora and P. sylvestris.

Compound \ITV?brs] % Yield
Coastal Inland
Pimaric metyl ester + 18 Tr
Sandaracopimaric methyl ester + 12 43
Isopimaric methyl ester + 33 34.8
Dehydroabietic methyl ester + 28 16.7
Abietic methyl ester + 9 19.2
Neoabietic acid - 0 244

Table: Methyl esters of the diterpene resin acids from P. contorta (Inland and Coastal provenances).

The web "tents' differed from the bud congtituents - in the bicyclic diterpene content. In the labdane
series, acetyl cupressic acid and isocupressic acid were absent as were the manool series 19-succinyl-
epitorulosol (1) and its methyl ester (2).
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The use of pesticides has proved a magjor failure in the control of insect pests. The problems
include the inducement of secondary pest species, pesticide addition and, not least, the severe harm to
non-target insect species and the environment. Various aspects of insect behaviour are exploited for
control purposes, for example, feeding behaviour which is exemplified in the complex relationship
between the pine shoot moth (Rhyacionia buoliana) and the host plant, the lodgepole pine (Pinus
contorta), an understanding of which should provide the long term solution to the problem. Preliminary
host preference research has indicated a variation in susceptibility to R. buoliana between the coastal and
inland provenances of P.contorta. The role of the photochemical in the host plant to the pine shoot moth
will be described.
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Recent Progresson All-Optical Communication in China

Shuwen Yang

Advanced Technology Research Center, Shenzhen University, Shenzhen, China.

SUMMARY

This paper introduces a novel liquid density sensor which involves the optical fiber sensing head, data
processing, digital display and temperature correction. It is convenient to use for automatic testing of
density and refrigence of any liquid and be able to measure in-line and real time.

1. INTRODUCTION

Liquid is one of the four basic states in that substance existes, and the density of liquid is frequently
measured in industry, sentific research and even in everyday life. The densitymeter presented in this paper
can be used both in Lab and in industry; it will be find very useful in every field where the accurate
measurement of density of solution is necessary.

2. BASIC PRINCIPLE AND STRUCTURE OF THE PROBE

(1) PRINCIPLE

In the interface between two media that one with
refractive index nl and another with refractive "index n2, a
beam of paralld lights takes place refraction and reflection.
According to Fresndl's formula, the reflective factor of it is a
function of, n1 and n2. In the case of nl and are fixed and
medium with refrective index n2 is the liquid to be tested,
measure the changes of intensity of the reflected light, the ;
changes of | refractive index n2,hence the correspond density of -
it can befind. =

Fig.1
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(2) THE PROBE

The probe consists of several parts of optical components including fiber/lens/prism. The light
with wavelength O.85!am is illuminated by LED. The photo-electric transformer is a PIN diode. The
multi reflection technology is applied to ensure high accuracy for measureing.

3. SENSITIVITY AND DYNAMIC RANGE

Research shows that the sensitivity and dynamic range of the probe are either related to angle, or
refractive index nl and n2. When get more and more further to c (total reflection angle c=arcsinnl/n2),the
sensitivity get more and more approximate to For single reflection, more sensitive means smaller
dynamic range, but select a suitable material for the prizm,may make both sensitivity and dynamic range
satisfactory. To increase the number N of reflections taken place in the interface between the liquid and
the prism, the sensitivity becomes N times of that of single reflection and the dynamic range keeps the
same. But the intensity of light received by PIN becomes 1/N of that of single reflection in the same
situation.

In fact, the lights from collimating lens are not only unparallel, but aso no monochromatic. And
different input angles correspond to different sensitivities and dynamic ranges, different wavel engths with
different refractive index/also corresponds to different sensitivities and dynamic ranges. So the sensitivity
and dynamic range of the probe, effected by all these factors.

4. BLOCK DIAGRAM OF THE CIRCUIT
The block diagram of the circuit is showed in Fig2:

/ 5 = +

L

J—“Lﬁ‘/

) |1
L ]I

i3
Fig.2 block diagram of circuit
1. Amplify circuit for signle 8. Amplify circuit for reference
2. V/F transform 9. V/F transform
3. transform swich 10.Keys
4. F/V frequency measurement 11.Display
5. Microcomputer and control circuit 12.Printer
6. Standard circuit 13. D/A convert
7. Circuit for LED



With the consideration of the accuracy and dynamic range of the instrument, the circuits of the instrument
perform the following main functions:

a. A high stable sourcefor the LED. A high stable constant current source is used to drive the LED, and
the temperature of LED is detected in order to control the light output at a constant value.

b. A high accurate detecting circuit. Some high accurate amplifier and AD filter with amplification are
used to amplify and select the modulated signal from PINS, so the optical background disturbing and
other influences are reduced to a least level.

¢. Measurement circuit. V/F converter and FIT method for frequency measurement, make the AID
interface not only high accurate but also economic.

d. Microprocessor

A MCS-51 microcomputer is used to process the date and perform the following functions:
a) Temperature correcting to density

b) Automatic zero adjustment

¢) Nonlinear scalling

d) Indicate the density in different ways

€) Store and recall the results of measurement

f) Print the results of measurement in different ways

g) Output the control signal

h) Select thetest channel for 4 different solutions

The ratio of performance to price of the density meter obviously goes up, since the use of the
Mi Croprocessor.

5. SOFT WARE

Most of the functions of the instrument are ‘
realized by soft ware in combination with hard ware.
All of the programes of the instrument are related in
the forms of blocks, it is convinent for the adjustment, ‘
transfer, service and expendision of it. Another works 5 |
about soft ware will be mentioned in section 6.

6. EXPERIMENT RESULTS
The curve shown as Fig.3 is about the relation of 20 1
density to the reading of the instrument before scalling
and temperature correcting. A series of solution with
different densities of pure sucrose are used n the
experiment. 10 7
The scalling of the instrument is performed by
software. The dynamic range of the instrument is
expanded to the non liner section of the curve as

output signal

weight percent

, ' : >
showed in Fig. 3 due to the use of microcomputer and 0 10 20 30

a program about correction of non liner. As a result, ;

the accuracy of the density meter is better Fig.3
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Them 0.1% in the range from a to bit is about 20% weight percent-for pure sucrose solution. The
sensitivity of it is also better than 0.1% in the meant range. The repeatability is good enough for the
accuracy and the repeatability error in the meant rangeis smaller than 0.1% for atime period of months.

Acknowledgement: this work was partially supported by the National Natural Science Foundation of
China
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M olecular Sensors

Gillian M. Greenway
University of Hull, Hull, Nth Humberside
SUMMARY

The design of molecular sensors is discussed. For these sensors to operate with any reliability
they must be capable of selectively identifying a particular chemical species in a mixture of other species.
This type of selectivity can only be achieved by combining developments in chemistry, biology,
electronics and signal processing

INTRODUCTION

Chemical and biochemical measurements are traditionally carried out in centralised laboratories,
by trained people, with specialised, expensive equipment. In recent yearsit has been realised that in many
cases, rather than collecting discrete samples and sending them for analysis, it would be better to make
the chemical measurements on the spot and to achieve this molecular sensors have been designed.

Molecular sensors are devices that combine developments in chemistry and biology with
electronics technology to provide low cost, easy to use instrumentation for measurement. The
development of such sensors allows real time control for a wide range of situations including the control
of pollution and industrial processes. The type of sensor that will be discussed here consists of a
molecular recognition element and a transducing or signal generating dement (the other main type is
usually used for clinical measurements and is in the form of strips or dip sticks that are coated with a
reagent that changes colour when it comes into contact with the speciesto be detected).

At present industria processes are usually continuousy monitored in terms of temperature
pressure and flow rate (for non batch processes). This is sufficient for bulk chemical production, but for
bi otechnology processes and expensive fine chemical and pharmaceutical processes it is important to be
able to monitor the concentration of chemicals in the feedstock, intermediates, product and effluent so
that action can be taken immediately a problem occurs. Continuous monitoring is also vital for
environmental measurements if a complete model is to be devel oped, otherwise an industrial effluent may
be washed downstream between sampling periods. The same considerations are needed for both these
applications but environmental monitoring is usually much more difficult as lower concentrations of
chemical must be detected and the mixture of chemicals present is often unknown.

SENSOR DESIGN
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The most important part of the sensor is the molecular sensor recognition element. Unlike
physical sensors for measuring temperature pressure etc. the molecular sensor must be capable of
identifying and measuring the concentration of a particular substance in a mixture of many other
substances. If the sensor can uniquely identify a particular substance it is said to be specific, but this is
rarely achieved, otherwise the sensor is said to be selective. The molecular sensing element consists of
either an immobilised chemical or biochemical reagent or a section of biological tissue such as a sensing
antennule from a crab. Biologically based senors are often the most specific because they contain
complex chemicals that have been specialy developed by nature to be specific. The chemical reagents
used react with the species to be detected causing some sort of measurable change. If the sensor is to be
used again the reaction must be reversible or else once the chemical reagent is used up the sensor is
useless, unless it can be reconditioned. Some of the best known selective chemical reagents are macro
cyclic compounds such as crown ethers and these are the molecular recognition elements that will be
discussed in more detail.

These molecules are circular with a cavity in the centre into which specific metal ions or
molecules can selectively bind (see figure 1). New sensors can be developed by designing a crown ether
with a cavity that differsin shape or size so that it specifically binds with a particular ion or molecule [1].

O O

Figure 1

A 14-Crown-4 type crown ether
U

This particular type of reagent is very versatile and can be used to make measurements using a
variety of different transducing elements. The macro cyclic compounds have mainly been used in ion-
selective electrodes. To make such an ion-selective electrode the crown ether is immobilised in a PVC
membrane to form the ion-sdective membrane. The crown ether operates as neutral carrier, which is
capable of transporting ions in the membrane and is known as an ionophore. Thisis incorporated into the
body of the sensor asin figure 2.

The membrane has two interfaces, one with the internal filling solution and one with the
external solution of the species to be measured. Electrical potentials are set up at the liquid/membrane
interfaces, the internal interface being fixed and acting as a reference, but the externa one altering with
the concentration of the species present. To make measurements a digital voltmeter is used with a high
impedance input and the measurement is made versus a reference electrode which is not affected by
changes of concentration in the sample to be analysed. The relationship between potential and
concentration is logarithmic and follows the Nernst equation.
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Figure 2 An ion selective electrode

Further use can be made of crown ethers as molecular recognition elements if they change colour
when they form the complex with the metal ion [2]. The reagent is then called a chromoionophore, an
example of such being (S-(4'-nitrophenylazo)-2-hydroxy-1, 3-xyl-18-crown-S). In that case they can be
used as optical sensors where optical absorbance, reflection or fluorescence measurements are made.
Several designs of such sensors have been described, but the smplest are based on optic fibres and are
called optrodes. The chromoionophore is immobilised on polymer beads or in a polymer film and fixed
over the end of ajacketed bifurcated fibre optic with a teflon membrane Figure 3.

Radiation
from source
Bifurcated fibre optic Radiation
RN ouT

to detector

Optrode

N

Figure 3 An Optrode

Radiation comes in from the source with an intensity 10 but once absorbed by the reagent it
returns to the detector with an intensity I. The change in intensity of the radiation when the species to be

identified interacts with the chromoionophore can be directly related to the concentration of the species
present according to Beer Lamberts' Law.

This type of system can be made more sophisticated by using electrochemical switching to
improve selectivity [3}. Electrodes are
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Used to oxidise or reduce the molecule and this can ater the ion mobility or optical properties. A
type of chemical modulation can then be used. 1onophores that are not chromoionophores can be used
with spectroscopic systems by incorporating a potential sensitive dye such as Rhodamine B into the
sensor membrane, so that when the membrane potential changes the indicator changes colour also [4].

To extend this type of system to biochemical systems and to improve selectivity more complex
membranes can be prepared that also includes enzymes. A simple example that has been developed is an
ionsd ective type biosensor for the analysis of urea [5]. The macro cyclic compound used was nonactin, a
natural product, selective to ammonium ions (NH3).Also incorporated in the PVC membrane was urease
an enzyme that specifically reacts with urea. The urease breaks down the urea to form ammonium ions
that can then sdectively bind with the nonactin and thus be detected. The change in electrode potential
could then be related to the urea concentration.

CONCLUSIONS

So far this paper has given an overview of the types sensor that can be designed using one
particular class of molecular recognition molecules. The sensors that have been produced have been
reasonably successful but they still have a long way to go before they are as reliable as physical sensors.
As mentioned previously selectivity is the key to success, otherwise the sensors are prone to interferences
from other chemical species present. To improve the seectivity new more sdective reagents must be
designed and this requires the input of synthetic chemists. The use of several sensors together can also
provide improved results if the data collected are processed using neural networks and statistical
techniques. This approach requires close collaboration between engineers and chemists and has been
especially developed in thefield of gas sensing where specific sensors are more difficult to design.

The other major problem with molecular sensors is robustness. They cannot be hermetically
sealed and are affected by light, temperature, pressure, corrosion and mechanical wear as well as other
chemicals. The lifetime of some sensors, especially biosensors, is still limited to a few days of continual
use. Thereis still much work to be done in overcoming these problems before molecular sensors are fully
accepted.
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Optical Neural Networksfor Pattern Recognition

Karen B. Russ
Pilkington Group Research, Ormskirk, Lanes, U. K.
SUMMARY

The electro-optic implementation of a modified Hopfield neural network model, using both free
space and Computer Generated Holographic (CGH) interconnects, is reported. The 16 neuron net stores 4
memories with 74% convergence for free space implementation, and 86% convergence for the CGH
implementation.

AN INTRODUCTION TO NEURAL NETVORKS.

The performance of the human brain, which consists of millions of highly connected yet
simplistic processing elements (neurons), is fairly limited when computing large data set mathematical
functions, but far exceeds that of present supercomputers when implementing speech recognition and
image processing functions. The reason for these processing differences is the computer architecture.
Conventional digital Von Neuman computers, which consist of a small number of highly complex and
sparsely connected processing el ements, must be programmed with an algorithm to provide a solution to a
given problem. Since mathematical functions are precisely defined, this is easily achieved. However,
speech and handwritten character patterns vary from person to personed no exact definition is possible.

Neural networks consist of many highly connected, simplistic processing elements which don't
require a predefined algorithm to compute a solution. Data is store in the net as connection weights
between processing dements. Retrieval is achieved by propagating a input vector through the net, the
positive connection weights strengthening attributes of the input which are similar to, and the negative
connection weights weakening attributes which do not correspond to those of prestored memories. A
solution is obtained by association rather than exact correspondence.

The optica implementation of neural networks is considered to be a favourable technology

because of the inherent characteristics of optics and electronics. A neural network does not require high
speed processing dements (human neuron switching time is of the order of milliseconds); it is the dense
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Interconnection matrix providing fast signal propagation between processing elements which produces
high speed parallel processing. In electronic systems high density, high speed (nanosecond) processing
elements are easily achieved but interconnection density is low and propagation slow (the RC time
constant problem). Optics offers the potential for a high density, high speed, parallel inetconnection
matrix but currently lacks suitable all- optical switching arrays. Thus, a hybrid system which employs
optical interconnects and electronic processing elements is presented. It is anticipated that electro-optic
nerural networks will offer improved performance parameters over wholly eectronic system for

>104neurons and >106 interconnects.

THE HOPFIELD MODEL
The Hopfield modd [1,2], illustrated in figure 1, describes a simple binary net (bipolar or

unipolar) incorporating hard thresholding and feedback. The net stores memories of bit length N, the
number of memories M being <0.15N. A weight interconnection matrix between the input and output
neuronsis obtained for each memory by calculating the outer product of the memory with itself

m m, m
1. = Vi 'Vj
The weight matrix for the net when M memories are store is
M
S m

T =TT

ij me1 H
The output Vi is obtained for a given detector neuron D. in accordance with

N i
V. o, By in
j=1 I ED
This undergoes thresholding such that the output of each neuron N
N
N, > 41 if T, S.v,
ful 1] 3]
N .
N, -> -1 or 0 if T, S.v. B¢ o
F g
This result is fed back to the input neurons and the cycle repeats until the
net converges to a stable state. This allows error correction on inputs with up

to 25X noise.

T i,j= 1..N, m = memory 1..M

s |
g 1s
in
>0

Memory Matrix ‘l’”
DETECTOR

Detector
Array

POSITIVE
DATA
youte

BECTROPECS|
DATA

Figure 1) THE HOPFIELD MODEL

Memory Bit DATA
1. 23 4 85 67 8 9 1011 12 13 14 16 16 vis
A 1 111100 111111001
N 1001 1 10 110111001
X 10010 11 0010071001
74 1111001 00 100 1 111

ELECTRO-OPTIC IMPLEMENTATION
OF THE HOPFIELD MODEL

FIGURE 3] THE STORED MEMORY DATA
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ELECTRO-OPTIC IMPLEMENTATION.

Unless interferometric techniques are employed, light cannot represent both positive and negative
guantities across a single weight matrix. For this reason, the electro-optic net required two weight
matrices, implemented as grey scale on photographic film, one containing the positive weights, the other
the negative weights, as shown in figure 2. The natural divergence of the LED source neurons was used
for connection to each row of the weight matrix, and a cylindrical lens was used to sum the columns to
the detector neurons. However, in order that crosstalk from input signals propagating through adjacent
weight eements could be avoided, a path length of 1.5 meters was required.

The net was used to store alphanumeric characters but initial tests proved that only two characters
could be retrieved (H<O.15N, N-16 H-2). Analysis of the weight matrix produced when more memories
were introduced indicated that there was insufficient weighting (positive or negative) on certain bits to
allow convergence to that additional memory. For example, for the memories A,N,X and Z given in
figure 3, the Hopfield net produced only negative weights for output neuron 6 preventing a positive
response on this bit and thereby excluding memories X and N.

The weight generating algori thm was modified to ensure that all bits had positive and negative
weights to allow convergenceto all four memories. It was also found that this modification increased the
error correcting capability of the net.

Theresults obtained for the free space implementation areillustrated in figure 4, along with those
from a corresponding computer simulation. The graphs represent the convergence to each memory for
varying levels of noise on the input, Overall the results represent 74% correct convergence for the
implementation compared to 81% for the simulation.

Memory A . Memory N
EASES iV = go = -] B (_ONVET QONC e
1¢ = 2 o
90 g Tt =Yo) R \_———-\
80 e 8o -- St \
70 4 ‘- Bt 70 ‘e
301 S 604
50 T s0

40
‘015 20 2s 30 as 40 15 20 26 30 3s 40
FBLNoise
- Memory X
B CoNver Qence
1 -
90 e - \-—————\
80 T
70 ) -~ -
B0 - -
50 »
*°Ts 20 25 30 35 40 15 20 25 - 30 3as 40
FBNoise FH“LNoise
- - Free Space —=— CGH - -0- - Simulation

In order that the path length may be reduced, a computer generated hologram was placed Smm
from the LED source neurons, and focused a single beam from each LED across the corresponding row of
the weight matrix. This removed the problem of
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Crosstalk reduced the path length and thereby increased the signal to noise ratio improving
performance. The path length from source to detector is now 17cm. The results obtained from this
implementation are also given in figure 3. Overall this represents 86% correct convergence. It is thought
that improved performance over the simulation is achieved since, in practice, the implementation is
anadogue. There is aways added noise due to path length differences which promotes convergence when
the net is undecided about the result. This was evident with inputs for which the simulation oscillated
between 2 memories while the implementation converged to one of these memories.

The modifications to the Hopfield model have thus increased memory capacity from <0.15N to
0.25N, and error correcting capability from less than 25% noise on the input to greater than 40%.

THE POTENTIAL AND LIMITATIONS OF OPTICAL NEURAL NETVORKS

Free space optics is not a realistic possibility for large (>10* neuron, >10° interconnects) neural
networks due to path length and signal to noise requirements. CGB optical interconnects offer, the
possibility of dense interconnection planes (100 interconnects/cm currently achievable) without severe
crosstalk constraints. Since it is also possible to code a CGH with a weighted interconnect, the hardware
requirement may be further reduced.

There are several limitations on CGH design for interconnection matrices [3], principly (a) acceptance
angle, determined by the numerical aperture of the system (b) facet size (c) grey scale, i.e. number of
weight levels, (d) crosstalk and (e) coherence effects. Unfortunately these parameters are interdependent
and optimisation of one parameter will be at the cost of another e.g. reducing facet size can lead to
increased crosstalk and coherence effects. Although dependent upon wavelength, typical values for these
parameters are (a) maximum acceptance angle 30° (b) facet size Imm (c) 10 grey levels (d) 2% crosstalk
(e) 1% noise due to coherence effects.

The Hopfield neural network is a fairly simplistic model and greater complexity is required if real time
classification of complex images is to be achieved. Thiswill necessitate neural network models for which
weights are updated during training (e.g. Back Propagation and Kohonen nets), and nonlinear sigmoidal
thresholding functions. The former may be achieved with re-writable (updateable) holographic materials,
while the latter requires a Spatial Light Modulator (SLM) capable of pixellated thresholding. That these
devices will be produced is not in doubt; the question is when and at what cost? Only then will the true
potential of optics be realised.

Acknowledgement: The author would like to thank S.R. Cherry for producing the CGH interconnection
elements for the Neural network implementation.
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Photoelectric M ethods in Study of Electron
Processes at the Real (111) Silicon Surface

Bogustawa Adamowicz
Ingtitute of Physics, Silesian Technical University, Gliwice, Poland

SUMMARY

Theresults of measurements of the surface photo voltage and photoconductivity for thereal (111)
surface of p and n-type Si arediscussed. An  amphoteric character of the real surface structure,
independent on the type of the bulk doping, and determined only by the technology involved in the
surface preparation has been found.

INTRODUCTION

Thereal Si surfaceis still being an interesting object for investigation because of the complexity
of its eectronic structure as well as a large application of silicon to production of the microelectronic
devices, as gas sensors, photo detectors and solar cells, which are a part of the standard equipment of the
satellites.

In this work the surface photo voltage (consisting of a change of the surface potential Vs during
illumination) and photoconductivity ( o) methods have been used to study of the real p and n-type S
surface. The surface parameters as the surface potential Vs, the surface position of the Fermi level @s as
well as the surface recombination velocity S and the excess carrier density n* have been obtained on the
basis of measurements of .Vs and o versus the light intensity and photon energy at different
temperatures. The experimental and theoretical dependences of the small-signal surface photo voltage
versus ~s have been compared.

EXPERIMENTAL

The measurements of the surface photo voltage Vs and photoconductivity o were performed in
avacuum of 10° Pa, for the samples of p - type (p=15Qm) and n-type (p=11Qm) silicon, submitted to the
chemical etching in HF solution as well as baking in a vacuum of 10° Pa at 700, 920 and 970K during 2h
(so called "low temperature baking", causing the changes only in the surface region). The photo effects
were generated by means of light emitted by the He-Ne laser, as well as the halogen lamp and the
prismatic monochromator (in a range of wave length from 600 to 900 nm).

The Vs signal was detected in the static capacitor system by means of the semitransparent gold
electrode and modulated light with a frequency of 40 Hz. The details of the experimental set-up are
described in ref. [2].
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RESUL TS AND DISCUSSION

The measurements of Vs versus the light intensity have allowed the determination of the "dark”
surface potential barrier Vs at different temperatures (from the saturation of Vs[3]), and then the surface
position of the Fermi level @s, from the relation: ®s=db+Vs (where db is the Fermi potential in the
bulk). The dependences of Vs as a function of s are presented in fig.1. The values of Vs show that the
used technology has generated a depletion layer near the surface, regardiess of the type of the bulk
doping. Moreover, the complementary character of the Vs (®s) curves for p and n-type Si suggests that

the surface structureis mainly determined by the technology of the surface treatment and does not depend
on the type of the bulk conduct|V|ty
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A similar conclusion can be drawn on the basis of figs. 2 and 3, where the dependences of the
surface recombination velocity S (obtained from the spectral o dependences by means of the method
described in ref. [4]) and the excess carrier concentration n*. (calculated on the basis of the measured
valuesof o and Sasinref. [3]), versus &, are collected for p and n-type Sin The characteristic shape of
the S( ®s) curves supports apoint of view of some authors that the system of two groups of the continuous
surface states (donors and acceptors) exists at the real Si surface [5]. Ther densities may be expressed by
the following relations: Na = A exp (aE/kT) and Nd = B exp (-bE/KT), where A, B, a, b - constants, E -
electron energy and k - Boltzmann constant.

Using this theoretical model we have obtained a good qualitative description of the experimental
dependences of the small - signal surface photo voltage divided by n* on &s (fig.4).
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