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F oreword

Because the authors work in the United Kingdom, this book is largely
based on the British educational system. Everything in the book is,
however, equally applicable to the educational systems of other English-
speaking countries, particularly the United States, Canada, Australia and

New Zealand. For the benefit of non-British readers, however, it might  _

be useful to explain a number of ‘lncal’ terms which occur frequently and
which may be unfamiliar, -

First, the terms primary, secondary and tertiary as applied to the
British educational system. In Britain, all children attend school from the
age of 5 to 16, spending the first six or seven years in primary schools and
the remainder in secondary schools, where they can, if they wish, stay on
until they are 18 or so. All education after the secondary school stage is
described as tertiary education, so that the tertiary sector includes all
further education colleges, technical colleges, teacher training colleges,
polytechnics-and universities. Roughly speaking, British primary schools
correspond to American elementary schools, secondary schools to
American bigh schools and the British tertiary sector to the American
college, university and graduate school sector.

Second, the terms A2, A4, etc as applied to paper sizes and the formats
of leaflets, booklets and books. In Britain, the sizes of paper in most
common use are submultiples of a basic size known as A1, which is
roughly 84cm X 59.4cm. An A2 sheet is exactly half this size (59.4cm
x 42cm), an A3 sheet one quarter of the size (42¢m x 29.7cm), an A4
sheet one cighth (29.7cm x 21cm) and so on. The most commonly used
sizes 2re A4 (the standard size used for writing paper and duplicating
paper) and AS (14.8cm x 21cm).
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Introduction ﬁ

4 -
During the last few years, a large number of scicncc-g:;cd games,
simulations and case studies have been developed, and these are now
starting, to be built into the curriculz of our schools, colleges and
univers.ties. The use of such exercises seems certain to increase as more
and more teachers, lecturers and curticulum designers become aware of
- their great poxential, Until now, however, these developments have been
hampered by the fact that there hasbeci no'basic text on-sciehce-based
games, and no source book to which potential users could refer to find
out what exercises were available in their particular ficld. This book has
been written in an attempt to fill both these gaps.

&

The book consists of two main parts. Part 1 is a review of the potential
role of games, simuiations and case studies in science education and is
made up of three sections. The first (Chapters 1 and 2) takes a broad look
at the game/simulation/case study field, explaining what the various types
of exercise are, showing how they are inter-related, discussing their general
educational characteristics, and presenting a rationale for their use in
science education. The second (Chapters 3, 4 and 5) examines the various
types of exercise currently available to science teachers, dealing first with
card and board games, then with other types of manual exercise, and
finally with computerbased exercists; in cach case, a general discussion
of the main characteristics of the class is supported by detailed
descriptions of specific examples. The third section (Chapters 6, 7 and 8)
offers practical guidance on how to select and adapt exercises for
particular purposes, how to usec them ina teaching situation, how to
design one's own exercises, and, fimlly, how to evaluate games,

- _simulations and case studies. )

Part 2 consists of a comprehensive collection of data sheets on science:
based games, simulations and cas¢ studies — the first such collection to be
published. It includes all exercises known to the authors that are

(a) suitable for use in science education, (b) generally available to teachers,
and (c) written in English. .

The data sheets are arranged alphabetically in four scparate sections, which
contain respectively physics-based exercises, chemistry-based exercises,
biology-based exercises and other exercises with some science or
technology content. Readers who know of any science-based games,
éimulatiom or case studies which ate not included are asked to let the ‘
ERIC
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12 GAMES AND SIMULATIONS IN SCH{NCE‘ EDUCATION

authors know (preferably by sending completed data sheets), so that such,
excrases can be inclided m future editions of the book, -

. N :
With regard to the way in which references have been mcbrporated into .
the text of Part 1, the aim has been to produce a free-fluowing mtroductory
book for gractising scienee ieachers rather than a rigorous acadenne
treatise. For this reason, references are given s an unobtrusive series of
* * superseript numbers rather than'by interrupting the scnpt with nanies of .
a authors and dates of papers, books, cte. Readers who wish to study any
topic in greater depth can folluow up the appropnate references, which are ’
s listed in full at the end of the book, ar consult the bibliography that
follows"the reference section,

. -

O
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Part 1: :
The potential role of games and
simulations in science education

1] ) ¢
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Chaper 1 ) \ b
General introduction to games and ‘
-simulations

Since the use of gaming and simulation techniques in science education is
a recent development, it 1s hikely that many readers will be unfamiliar with
the tield. This opening chapter will therefore set the scene for what is 0
follow by explaming what games and simulations are, describing their
main educational charactenisgics, and reviewang the history of their usc in
cducation and training to date,

The game/simulation/case study ficld

Untilght carly 1970s, thére was a great deal of confusion over what
cxactly was meantg by the terms ‘game’ and ‘simulation’ when used inan
cducational context, Many authors, for example, regarded the terms as

- being largely synonymous, while others regarded games as beinga
particular type of simulation. This confused situation was greatly elarified
1 1973, when Bloomer! presented the thesis that gamies and simulations
are in fact quite differeit types of exercise, and suggested what was to
form the basis of a workable teeminology and classification,

Bloomer recogmzed that games and simulations have distinet, but not
incompatible, properties, and that the st of games overlaps the set of
simulations te form a hybrid set of exercises which she called simulation
games (sce Figure 1.1)7

The key to Bloomer's classification was her choice of definitions for
yar. s and simulavons, For the farmer, she adopted the definition

) Simulatlon
pames

L.
) ~

Figure 1. 1. The relationsbip between games and simulations (after Bloomer)

previously given by Abt,? whith states that a gante is "any contest (play)
among adversanes (players) operating under econstraints (rules) for ap

Q
.12
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16 GAMES AND SIMULATIONS IN SCIENCE EDUCATION

objective (winning, victory or pay-off)’. This definition identifies two
essential features which must both exist before an exercise can reasonably
be described as a game. First, it must involve overt competition of some
sort, either directly between players (as, for example, in bridge) or
betwserr individual players who are competing against the ‘game system’

* (as, for example, in golf). Second, the exercise must have rules, ic the

players must operate under a set of arbitrary constraints specific to the
particular game. One possible weakness of the definition is that it appears
to exclude from the class of games exercises in which a single player
competes directly against the game system (patience, solitaire, crosswords,
fruit machines, etc), this anomaly can be resolved, however, by regarding
the deviser of the game system as one of the ‘adversaries’ in such cases.
(Somewhat more dxsturbmgly. it could be argued that the definition
includes most modern wars, since these undoubtedly involve competition

}nhc‘i‘arc - in theory at any rate — fought under the rules of the Geneva
C

vention, the authors chalienge readers to convince them that such
wars do not fall into the class of activities circumscribed by Abt's

¥ definition!)

In the case of simulations, Bloomer adopted Guetzkow's® definition
which states that a simulation is ‘an opcratmg representation of central
features of reality’. This definition again identfies two essential features
which must both exist before an exercise can reasonably be described as
a simulation. First, it must represent a real Stuation of some sort. Second,
it must.be operational, ie it must constitute an ongoing process. As shown
.by Bloomer, thl§ latter criterion Lfﬂchly excludes from ghe class of
simulatiuns static analogues such,ss photdgraphs, maps, graphs.and circuit
diagrams, but includes avorking “models_of all types.

It lmmcdmtc'ly follows from the above definitionsthat a signulation
game is an exercise that possesses the 2ssential characteristics 6f both
games (competitions and rules) and simulatiéns (ongoing rcprcscntatlon
of real-life), examples being chess and Monopoly. The term is now
gencrally accepted by workers in the gaming/simulation field. .

An even more recent development has been the rccqgniti(')'tﬁﬁat case
studies can be related to the field of games and simulations. Such

‘exercises have been used for many years as a teaching miethod in their

own right. Their use in training students for the medical and legal
professions is well known, and they have been an established teaching
technique in busmcss and management studies for many years.

In 1974, Walker 4 defined a case s:udy as ‘a study in detail of a
pnmcular event, problem or situation’. Apart from the fact that it is
partly circular, the authors believe that this definition fails to identify
one extremely important general characteristic of case studies, namely
that they are invariably carried out either in order to identify special
features of the case uuder study or in order to illustrate general
characteristics of the broader set of situations of which 1t 1s typlcal s
(Under Walker's definition, reading a chapter of any book that glvcs a
dctallcd description of its subject matter would constitute carrying out a

‘cuse study’.) The authors pre}cr the following extension of Walker's
*e

[mc :
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' GENERAL INTRODUCTION TO GAMES AND SIMULATIONS 17

definition, 1n which a case study is defined as ‘an in-depth examination of
a rddi-hife or simulated situation carricd out in order to illustrate special
and/or general characteristics'.’

The relationship that exists between case studies and the simulation/
gaming field was recognized by Reid,® who, in 1977, argued that
interactive case studies have many features in common with simulations,
and that the set of case studies therefore overlaps that of simulations in

the way.shown in Figure 1.2,

N

Simulation \

games

Figure 1.2. The relationsbip between games, simulations and case studies(after Reid)
S
Although Reid's picture represents possibly the most common area of
overlap between games, simulations and case studies, the authors would go
even further and would contend that the set of case studies also
overlaps the sets of simulation games and games, as shown in Figure 1.3.5

Simulation
games

Simulation
games used as
case studies

Games
used as
case

studies

Simulated
case studies

Case studies

Figure 1.3: The relationship between games, simulations and case studies
Q rcording to the apithors

ERIC _ g
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18 GAMES AND SIMULATIONS IN SCIENCE EDUCATION

If this view is accepted, it follows that there are no less than seven
distinct types of exercise in the game/simulation/case study field, namely,
three ‘pure’ types (games, simulations and case studies) and the four
‘hybrid’ types that occupy the various areas of overlap in Figure 1.3,

In order to help readers appreciate the distinctions between the various
types, we will now give specific examples of exercises that fall into the
different areas of the figure.

‘PURE' GAMES

This class contains all exercises which have the two basic characteristics of
games (competition and rules) but lack some or all of the basic features
that characterize simulations and case studies respectively. It includes
well-known games such as Scrabble and Othello as well as the majority of
conventional card and ball games.

‘PURE’ SIMULATIONS

This class contains all exercises which have the essential properties of
simulations (i¢ represent a real sitnation and are ongoing) but lack some or
all of the essential characteristics of games and case studies. It includes all

‘the various mechanical/electronic simulators that are used to train future

operators of complex machinery, aircraft, weapon systems, arid so on, one
of the best-known examples being the Link Trainer developed during the
Second World War to teach basic flying skills.

‘PURE’ CASE STUDIES

This class contains all exercises which have the essential features of case
studies (in-depth study and illustration of special or general characteristics)
but lack some or all of the basic features that characterize games and
simulations. It includes conventional non-interactive case studies of the
type carried out in the training of doctors and lawyers (the type of
exercise after which the class was named) as well as similar exercises
carried out in other disciplines. The series of Jackdaw packs (collections
of facsimiles of documents, drawings, contemporary records, etc used in
the study of specific historical periods of events) belong to the class, as do
more complicated exercises such as What Happens When The Gas Runs
Out? and The Sulphuric Acid Story (see Chapter 4 and Part 2).

SIMULATION GAMES

This class contains those exercises which have the basic charactenstics of
both games and simulations but not of case studies. It includes many

popular family games, such as Monopoly and Cluedo, as well as the great
majority of commercially available war games (Campaign, Bonnie Prince

. Charlie, etc). Possibly the most familiar example of the class, however, is

<
I

w'hess, which is believed to have originated in sixth-century Persia or India

RIC
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GENERAL INTRODUCTION TO GAMES AND SIMULATIONS 19

as a smulation of a contemporary battie (how many people realize that
the movements of the rook represent those of the war elephant?).

GAMES USED AS CASE STUDIES

This class contains exercises which have the basic properties of games and
case studies but not of simulations. Ptobably the best-known examples are
the various games developed at the University of Michigan by Layman
Allen as aids to the teaching of symbolic logic and mathematics —

Wffn Proof, On-Sets, Equations, etc. (Dealing as ghey do with purely
formal fields, such exercises cannot be said to represent ‘reality’ and must,
therefore, be excluded from the set of sirpulations.) Other examples are
the use of Mastermind as a source of cas¢ studies in logic and probletn
solving.’ and the use of gambling games, such as coin tossing, in the study
of probability theory. Many of the chemistry-based card games described
in Chapter 3 and Part 2 also belong to the class.

SIMULATED CASE STUDIES

This class contains exercises which have all the essential properties of
simulations and case studies but not of games. It includes, for example,
the ‘simulated patient’ technique developed at McMaster University,
Canada for use in the training of doctors in diagnosis and treatment. Here,
trained ‘actors’ take the place of real patients, thus allowing trainee
doctors to learn from their mistakes without any risk of the serious (or
even fatal) consequences which could result from such mistakes in real life.
The class also contains a wide range of computer simulations in fields such
as physics, chemistry, engineering and economics, the extended study of
the world's possible future development carried out by the Club

of Rome being a particularly well-known example.® It also includes many
of the exercises described later on in this book, eg Power for El-skay

(see Chapter 4 and Part 2).

SIMULATION GAMES USED AS CASE STUDIES

This class contains those exercises which have all the essential
characteristics of games, simulations and case studies, and covers an
extremely wide range of types. For example, it includes many of the
small-scale simulation games which have been designed for use in specific
teaching situations, eg most of the science-based exercises published by
Longman (see Chapter 3 and Part 2). It also contains large-scale
interactive teaching exercises such’as The Power Station Game, The
Amsyn Problem and Fluoridation? (see Chapter 4 and Part 2). All the
‘real’ war games carried out in military training also fall into this class
(see below), as do many computerized business management games such
as the Bruce Oil Management Game.

) 1 6
A,




20 GAMES AND SIMULATIONS IN SCIENCE EDUCATION

Why games and simulations are educationally useful

Now that we have scen what games and simulations are and shown how
they are related to case studies, let us examine some of the reasons why
such cxercises are claimed to be useful from the educational point of view.

1. Games and simulations constitute a highly versatile and flexible
medium whereby a wide range of educational aims and objectives can be
achieved.'® They can be used to achieve objectives from all parts of .
Bloom's cognitive'! and affective'? domains, and simulations can also be
used very effectively in the psychomotor area. It has been found that
gaming and simulation techniques are no more effective than other, more
traditional, methods when used to teach the basic facts of a subjcct,l3
but are particularly useful for achicving high-level cognitive objectives
telating to such things as analysis, svnthesis and evaluation and also for
achie ving affective objectives of all types.'® Thus, it is not advocated that
they be employed as a main, frontine teaching technique, but rather as a
complemient and support to traditional methods, eg for reinforcement or
todemonstrate applications or relevance. .

2. The usc of a sinwlated as opposed to 1 real situation as the basis of
an educational exercise allows the situation to be tailored to meet the
needs of the exercise rather than requiring the exercise to be designed
within the constraints imposed by the situation. Only very rarely does a
real-life situation have all the features that the designer of an educational
exercise wishes to highlight or bring out, whereas a simulated situation can
have all such features built in. Also, realife situations are often far too
complicated to allow them to be used as the basis of an educational
exercise as they stand, the simplification that the use of simulation allows - \
can often overcome this difficulty by reducing the complexity to
manageable proportions.

3. Rescarch indicates' that well-designed games and simulations can
achieve positive transfer of learning — the ability of participants to apply
skills acquired during the exercise in other situations.' It would, in fact,
be dif ficult vo justify the use of many simulation-ty pz exercises if no such
transfer of leaming occurred, The whole point of the various ty pes of
cockpit simulator, for example, is to enable aircrew to acquire the various
skills needed to operate a particular type of aircraft in a safe, controlled
environment and then to be able to use these skills when flying the actual
aircraft. The same is true of virtually all other training simulators,

4. In many cases, games and simulations constitute a vehicle whereby
participants can use and develop their initiative and powers of creative |
thought. This feature of games and simwulations could prove increasingly
important if our educational system continues to place progressively
greater emphasis on the cultivation of divergent thought processes,

5. Apart from their purely cognitive, content-related outcomes, many
games and simulations help foster a wide range of non-cognitive skills
(such as decision making, communication and inter-personal skills) and
desirable attitudinal traits (such as willingness to listen to other people’s
points of view or appreciate that most problems can be viewed in a
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number of different ways).® '® Indced, some workers® believe that this

is the area in which games and simulations are capable of making their
most valuable contribution to education. Exercises that involve interaction
between the participants are especially effective in this regard.

6. One advantage which games and simulations appear to have over
more traditional teaching methods is that pupil or student involvement
is normally very high — a feature that is particularly ben- ficial for the less
able. In addition, most participants find games and simulations extremely
enjoyable.

7. In cases where a competitive element is included (not necessarily at
the expense of co-operation), many workers believe that this provides
strong motivation for the participants to commit themselves
'wholeheartedly to the work of the exercise.'” !® Such a competitive
¢lement may be overt (when groups or individuals are in dircct
competition with one another) or it may be latent (as, for example, in
exercises like Power for Elaskay where groups or individuals have to
perform parallel activities and then report on their findings); in both casgs,
the authors have no doubt that motivation is increased.

8. Many games and simulations have a basis in more than one academic
discipline, a feature that can help the participants to integrate concepts
from otherwise widely related areas into a cohesive and balanced ‘world
picture’ — surely one of the main overall aims of any worthwhile
educational system. Exercises which require the participants to formulate
value judgements or examine technological problems from other than a
purely scientific point of view are claimed to be particularly valuable in
this respect.!

9. Another valuable characteristic of multi-disciplinary exercises is that
they often provide a situation in which participants with expertise in
different subject areas have to work together efficiently and harmoniousty
in order to achieve a :ommon end. Inter-personal skills of this type are *
vitally important for success in later life and constitute an area of
education in which the multi-disciplinary simulation and simulation game
are virtually the only means of providing practical experience in a
classroom or college environment.’

Review of use of games and simulations to date

Games have been played for amusement for thousands of years, and
simulation (in its broadest sense) has an equally long history. The
application of simulation and gaming techniques to education and
’ training is, however, a comparatively recent development. The first field
| in which such applications took place was military training. Here, serious
| use of simulation and gaming began at the end of the eighteenth century,
| and the techniques have since been developed to a high level of realism
| and sophistication. The next field in which important developments took
‘ place was business management training, where the use of gaming and
} simulation as a means of developing decision-making skills was introduced
‘ m rhc mid-1950s. It was not until the early 1960s, however, that the use

ERIC - ;
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22 GAMES AND SIMULATIONS IN SCIENCE EDUCATION

of such techniques spread to secondary and tertiary education, with the
initial developments taking place in teacher training and in the social %(-
saences, Let us now examine these various developments 1in more detail.

MILITARY APPLICATIONS

It1s sometimes argued that chess (developed in the sixth century) was the
first war game, but it was not until 1798 that a game involving the use of
maps was used in military training.?® Over the next century, two basic
types of war game came into increasingly regular use,?! The first of these,
the so-called ‘ngid’ war games, simulated realistic situations, the changing \
pattern and fortunes of war being introduced by throwing dice. These
formal academic exercises could be highly abstract, their main use being
in the development of skills relating to overall strategy. The second type,
the so-called ‘free’ games, involved the use of actual military units in field
situations, and were used to develop tactical skills. The two types of game
were therefore complementary. Although their carly use was largely
confined to Prussia (where they were first developed), both types of
game have since been adopted by practically every major mihitary Jorce

in the world.

BUSINESS MANAGEMENT APPLICATIONS

Games and simulations had been in regular use by the military for over
150 years before their next major application was found, namely in
management training. Here, there was a need to find a teaching method
which could bridge the gap between formal, academic instruction (which
often lacked direct job relevance) and on-the-job training (which could be
slow, and was generally restricted to a limited area). Around 1955, it was
recognized that gaming and simulation methods could help provide a
solution and, in 1956, the American Management Association produced
the first business game.?? Thi. was a decision-making simulation exercise
for potential executives. |

The ideasof using gaming ana simulation techniques in business and
management training quickly sprea.d throughout the western world and,
inresponse to the rapidly increasing desnand, a wide range of materials
soon became available. These ranged from relatively simple manual
exercises (exercises based on the use of ‘conventional printed materials
such as booklets and work sheets) and board games to highly sophisticated
computer-based simulations, some being co-operative in nature, and others
highly competitive, The use of such techniques is now an integral part of
business management training at all levels from school to inservice
industrial development.

EDUCATIONAL APPLICATIONS

One of the first areas outside the military and business fields in which
gaming and simulaticn methods were used was teacher training. Here, the
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* GENERAL INTRODUCTION TO GAMES AND SIMULATIONS 23
first simulations were published in1962;2% ?* these required future
teachers to deal with a range of ‘cveryday’ situations in a simulated
school. Other excrcises of a similar type soon followed.?®

Although most of the carly educational developments in the ficld of
gaming and simulation were of American origin, materials started to be
produced in Europe in the late 1960s — mainly for use in the teaching of
social sciences such as geography,?® international relations?” and urban
development.?® During the 1970s, however, gaming and simulation
techniques spread to an ever-iacreasing range of other subjects, and from
about 1970 onwards, they started to be used in the teaching of science.
This last development will be the subject of the next chapter (and, indeed,
the remainder of the book).
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Chapter 2: )
How games and simulations can be
used in science education

In the first part of this chapter, the various ways in which the authors
believe that gaming and simulation techniques are capable of making a
significant contribution to science education will be discussed in detail.
The second part will give a historical review of some of the more
important developments that have taken place to date.

Rationale for the use of science-based games and simulations

There are three ways in which science-based games and simulations can be
used in secondary and tertiary education, namely:

(a) as aids to the teaching of the basic content of science courses;

(b) for educating through science (using science-based exercises to
cultivate uscful skills and desirable attitudinal traits);

(¢) for'teaching about science and technology and their impoctance
to modern society.

Note that these are not mutually exclusive, since many exercises are
capable of contributing to more than one arca. Let us now examine cach
in more detail.
(3) How games and simulations can be used in the teaching of science.
In Chapter 1, it was claimed that games and simulations are capable of
achieving a wide range of educational aims and objectives but are no more
cffective than traditional methods in teaching the basic facts and
principles of a subject. Because of this, it is advocated that they be used
not as a front-line teaching method, but rather in a complementary and
supportive role. There are two main ways in which this can be done,
(i) For reinforcing basic facts and principles.* Once the basic facts of
a particular section of a course have been taught, it is often necessary
to reinforce the knowledge the pupils or students have just acquired
by giving them some form of exercise in which they have to
demonstrate their understanding of what they have learned by
applying ‘. to a specific situation. Traditionally, such exercises have
generally .aken the form of worked examples the pupils or students
complete on their own, either in class or at home. In many cases,
however, it would be possible to achieve the same objectives by

* "Throughout this book, the terms ‘reinforce’ and ‘reinforcement’ are not used
in their strict psychological jense; rather, they refer to an improvement in the
ability to recall or apply facts or principles.
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267 GAMES AND SIMULATIONS IN SCIENCE EDUCATION

making use of a game or simulation of some sort and, as we saw in
Chapter 1, this would probably have the added advantage of increasing
motivation (if only by introducing some variety into the course). It is
certainly not recommended that all worked examples in a course should
be replaced by games or simulations, nor even that a high proportion
should be. Rather, it is suggested that E!Tnight, in some cases, be
beneficial to introduce a few carefully chosen games or simulations

iInto a course in situations where they seem to offer some distinct
educational advantage over more traditional alternatives.

The types of exercise that are probably best suited to this form of
application are fairly short games, simulation games and simulated case
studies with strictly limited objectives. The various chemistry card
games (Chemsyn, Formulon, etc) are good examples, as$ are board
gammes such as Circuitron and the exercises published by Longman
— (see Chapter 3 and Part 2). Another good example is The Young
Chemist, a game developed at the Israel Institute of Technology,
Haifa, in order to help senior schoolchildren master the complexities
of the periodic table.?®
(i1) For developing laboratory skills. Possibly the most important
potential application of games and simulations in the teaching of
science is as a supplement to and, in some cases, a substitute for
conventional experimental work. One of theé first exercises to be used
in this way was Circuitron, which was specially developed to help
pupils apply basic circuit theory in Scottish schools.® 3!

Itis, however, simulations rather than games — and, in particular,
computer-based simulations — that offer the most exciting possibilities
in this area.*» 3> 3 Here, the imminent prospect of cheap, highly
versatile microcomputers becoming generally available in schools and
colleges means that it will be possible to give pupils and students direct
experience (through simulations) of a far wider range of experimental
situations than has been feasible up to now. Specific areas in which
such simulations could make a significant contribution include the
following:

- situations where a conventional experiment is either extremely
difficult or impossible (eg experiments in astrophysics and
human genetics, and ‘thought experiments’ such as the
investigation of non-inverse-square or negative gravitation);

- situations where experimental apparatus is either not readily
available or too complicated or expensive for general laboratory

. use {eg experiments in high-energy physics, nuclear physics or
reactor physics and industrial processes of all types);

- situations where actual experimental work could be dangerous
(eg work with explosive mixtures, highly radioactive materials,
highly toxic chemicals, virulent pathogens, etc);

- situations where a conventional experiment would take an
unacceptably long time to complete (eg experiments in genetics
and population dynamics or with long-lived radioactive materials).

Q :
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All these potential apphications of computer simulations will be discussed
in much greater detail in Chapter 5.

(b) How games and simulations can be used to educate ‘through’
science. A major theme of current thinking regarding the development of
science education at both secondary and tertiary levels is the identification
and achievement of the various ‘desirable’ skills, habits, attitudes and
modes of thinking which the end products of that education should
possess over and above purely factual knowledge, Since the 1930s, there
has been an increasing awareness of the importance of including in science
courses objectives which are not purely cognitive but, until comparatively
recently, there was little evidence of any serious attempt being made to
do 50.%° Since the mid-1960s, however, a number of new science schemes
developed for Scottish and English sccondary schools have incorparated
such broader obg:mvcs and a similar trend has recently been noticeable
at tertiary level,

This change of emphasis in science education has not only caused
teachers and lecturers to re-think their approach regarding how broader
objectives can best be achieved, but has also caused many to go furthcr.
and ask the fundamental question: ‘What is a science education for?*®

The purely vocational advantages of teaching science are self-evident
in the case of senior undergraduates bent upon a scientific career or
technicians being trained in technical colleges or polytechnics. In the case
of the bulk of those to whom science is taught (secondary schoolchildren
and jumor undergraduates), such advantages are less obvious, however,
and the various other arguments put forward for teaching science are, in
general, unconvincing and lacking in empirical support.

One such argument is that all future citizens should have at least a
basic knowledge of science in order to help them cope effectively with
the highly technological world in which they live. This argument, although
at first sight convincing, has at least two basic weaknesses. First, there is
no real evidence that the ty pe of cognitively orieatated science
traditionally taught in schools and colleges is of any significant use in
helping students make sense of their environment. (It is for this reason
that ‘science in society’ courses of the type discussed below are now being
developed.) Second, there is nothing to suggest that non-scientists are any
less successful than scientists in coping with life. .

Another argument is that a scientific training helps students think
logically and dispassionately about everyday problems and approach them
by means of the ‘scientific method'. Research carried out in
secondary schools has, however, indicated that this argumcnt may have
little foundation in the case of our present science courses.” Other
research has shown that, in most cases, science courses appear to have no
substantial influence on the development of pupils’ attitudes to science,
and that few teachers make any serious effort,to achieve goals specifically
related to attitude and interest.*® Thus, it appears that the hoped for
‘spin-off> effects supposedly associated with science courses are not_
necessarily achieved when traditional teaching methods are employed.

-
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28 GAMES AND SIMULATIONS IN SCIENCE EDUCATION

These results are not particularly surprising when one considers that the
great majonty.of traditional scicnce courses at all levels concentrate
almost exclusively on the meulcation of cognitive and psy chomotor shalls,
with the vague fope that the various non-cognitive skills (eg deciston
making, commuynication, problem solving, 'ibrary and inter-personal
skills) and desirable attitudinal traits, suppused to be a ‘bonus’ from a
scienee education, will somehow ‘rub off* on the students.'® All too often,
little or no attempt is made to cultivate such noni-cogniuve outcomes of
science courses. There is, however, a strong case for making a conscious
effort to foster their development, since even a professional scientist is
unlikely to succeed in our complex and changing society purely on the
basis of cognitive attainment. If we accept the description of education as
‘what is left when the facts have been forgotten’, the case becomes even
stronger. :

Since traditional teaching methods have proved to be of doubtful
Lfﬁucncy in achieving non-cognitive outcomes of the type described
above, it is obvious we will have to develop new methods that are
specifically designed to achieve such outcomes (assuming, of course, that
we aceept the argument that they are educationally desirable). It s thc
contention of the authors'®+ 4! that participative science-based
simulation games and simulzted case studies are capable of fulfilling this
role. If properly dcsngmd these provide a means of educating ‘through’
science, ie of using a science-based excrcise as a vehicle for achieving a
wide range of educational objectives going far beyond those that would
normally be associated with its intrinsic scientific content.

Many of the exercises described in this book (including nearly all those
developed by the authors and by Norman Reid) have been designed with
this type of usage in mind. For c‘(amplc Proteins as Human Food was
developed to foster communication and inter-personal skills in sentor
schoolchildren and junior undergraduates,** while Polywater was
developed to help senior chemistry undergraduates acquire hbrary sklls.®
Further details about exercises that can be used for education ‘through’
science are given in Chapter 4 and Part 2.

() How games and simulations can be used to teach about sdience and
technology. Since 1959, when C P Snow gave the now famous Reith
lecture in which he presented the doctrine of the ‘two culturcs',“ thcrc‘
has been a growing realization of 4 nuinber of fundamental deficiencies in
our educational system - parucularly in relation to science education.

First, at an academic level, there is the undoubted dichotomy between
scientists and technologists on the one hand znd non-scientists
(particularly thosc with a background in humanities such as literature)
on the other.* This is a direct result of the early specialization that takes
place in our educational system, which means that the majonty of our
schoolchildren study no science at all after the age of 15 or so, while the
minority who opt for science courses study precibus little else for the rest
of their academic careers. As C P Snow has pointed out, this has led to a
virtually complete lack of understanding between the two groups and, in
many cases, has given rise to mutual mistrust and even hostility.

s
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Sccond, ata more general level, there hasbeen an almost complete
falure to make our future utizens aware of the relevance of science to the
real world and of the vital importance of science and technology to
modern society.**’ % ‘Throughout their adult lives, these citizens are
required to make political, social and economic decisions, many of which
have a scientific basis or component and, at the moment, our educational
system 1s not prepanng them to make such decisions in a reasoned and
informed manner. In other words, our society lacks what Bernard Dixon,
editor of New Scientist, describes as ‘communal technical literacy”.*?
"The above problems are hikely to beeome even more acute during the
1980s as micryprucessor-based technology comes to play an increasingly
mportant rolé in all our hves.® 1t has been predicted that the
microprocessor will have an impact on socicty comparablg to that
produced by the development of the steam engine during the lateer part
of the eighteenth century, but that this second industrial revolution will
ke effect much more rapidly than the first. The microprocessor seems
likely to bring about fundamental changes in nearly every facet of modern
suciety and, if these changes are to take place without causing complete
sucial upheaval, many commentators believe that it will be essential to
develop educational programines capable of producing technically literate
citizens as soon as possible.*® ¥
‘A promising start has been made by the recent development of ‘science
i society”-type courses at both secondary and tertiary level, % and it is
now generally recogmzed that games and simulations are capable of
) making a sygmficant contritfution to courses of this type.’® " 52 The
authurs believe that science-based simulation games and simulated case
studics, parucularly those of a mulu-disciplinary nature, are ideally suited
ta such a role, since they represent one of the niost effective means at our
disposal of demonstrating the role of science and technology in modern
society. )
One great advantage of excrcises of this type is that they cap be

incorpurated equally successfully into both science gnd non-seience

v - courses, Wath the former, they can cither be built into the main fabric of

»+ the course as supportive case studies, or they can be made part of the
‘mind-broademing’ associated studies clement now becoming an integral
pact of most of our secondary and teruary science courses, With the latter,
they can agamn be made pare of the general studies element of the course -
possibly by watering down or removing the *hard science’ content in '
order to convert them to a form that can be handled by people who lack
a technical or mathemanical background. The authors have found that
many exerases originally designed for use in science courses can, by
suitable modification, be used effectively in this way. A good example is
The Power Station Game (see below), which was originally developed as
an exercise for physics students of roughly A-level standard,® but which
is now being used with a wide range of other groups, including trainee
primary teachers.™

Deniled information about other exercises that can be used to
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demonstrate the social relesance of science and technology can be found
in Chapter + and Pare 2,

’ . v
Review of carly developments

Now that we have established how science-based games and simulations
can contribute to our educationalsystem, ket us examine some of the
developments that have taken place in these areas sinceghe first exercises
began to appear in 1970, ,

() Developments in the use of games and simulations for teaching
science, The first games and simulations to be speafically developed for
use in the teaching of science were a series of card and board games
published between 1970 and 1975. 1

Among the earliest of these were a number of ralatively simple games
. intended for use at secondary school level. In Britain, they included
Chemsyn and Element Cards (published by Heyden and Son Led),
Formulon and Properties and Substances (pubhshed by Chenucal Teaching
Aids) and lonics (published by Science Systems Ltd).5® In Ameriea, they
tnchuded Flements, Compound, The Geologic Time Chart Game and
Lab Apparatus (all published by Union Printing Co Inc) and a range of .
chemistry-based games published by Teaching Aids Co. Al these games
were designed for nse in the reinforcement of basic facts, coneepts and ~
principles, and all were short enough to be fitted into the normal teaching
curriculum without causing undue disruption. (See Chapter 3 and Pare 2,

At roughly the same ume, a somewhat more ambitious exercise —
Circuitron  was developed in the Education Department at the Umversity
of Glasgow for inclusion in Project P11, % 4 package of programmed
materials for use in teaching scienee in s “all, renwote secondary schools in
the: Highlands ahd Istands of Scotland. Cir. aitron (which will be examined
in detal in Chapter 3) was a board game Jdesigned for use as a supplement
to conventional experimental work un electrial circuits, and could be
used at a variey of levels ranging from lower secondary to ternary, " »

It was published by Griffin & George in 1972 and was one of the first
exercises of its type to receive a thorough evaluation.™!

Thiee years later, a pachage of 18 games, covering 1 vanety of topies
physics. chemistry, biology and general scienee, was published 1n Britaun
by Longman. The games were all shore exercises intended for use at
secondary level for reinforcing basic concepts and prinaiples, and were
again designed to fie easily into the school curnculum, Like the parallel
senes of geography -based gantes produced by the same company , they
were published in the form of booklets contamning all the resource
matenals (board, cards, tohens, etc) needed for a single playing group
(beeween 4 and 12 pupils, depending on the game). Ty pical examples
were The Great Blood Race, dealing with the composition, circulanon
anJ physiological functions of human blood and Compeution Among
The Metals, which helped to show how different metals have different
reactivities, (See Chapter 3 and Part 2.) R
1 By this time, the first computer-based simulations were also starting to
(S (=
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be dc\vclopcd.33 Establishments,in which early work to8k place inf
Britain included the IBM Research Centre at Peterlee,3 the Centre for
Science Education at Chelsea College®? and the Institute for Educational
Technology at the University of Surrey,’® More recently, nearly every
educational establishment with access to a computer has developed its
own range of computer exercises, but the vast majority of these are not
generally available. Computer simulations will be dealt with in greater
detail in Chapter 5.

(b) Developments in the use of games and sin.alations for educazion
‘through’ science. The first developments in this area again took place
during the early 1970s, and it is interesting to note that most of these
carly exercises were concerned with ecological or environmental topics.

At the Universities of Sussex and Bath, for example, 2 number of
ecology-based games and simulations were built into degree courses in
biology.”' ® Subsequently, four of the Bath exercises were adapted for
use at secondary-school level and published as a multi-media package under
the ritle of The Ridpest File (see p 190). This was one of a numbecr of
similar packages developed by the School of Education at Bath for
organizations such as BP; these all dealt with the interface between
Jindustry and the environment.

At the same time as this work was being carried out in England, a
number of important developments were taking place in Scotland and
America. The first was the Star River Project, a large-scale role-playing
excrcise that was developed by the Clyde River Furification Board in
collaboration with CRAC (the Carecrs Research and Advisory Centre)
for use at post-graduate level. This was based on a multi-disciplinary
scenario involving biology, chemistry, geography and economics. In 1972

__the exercise was modified for use at sixth-form level in schools, and the

T final package was published by Esso Petroleum Co in 1973 (now
discontinued). A similar exercise (The Dead River, sece p 189) was
developed in Amcrica at roughly the same time and was also published
in 1973 (by Union P:inting Co). :

As a follow-up to the Star River Project, the Scottish Education
Dgpartment sef up.d working party in 1973 in order to develop a

» second largescale multi-disciplinary exercise for use at sixth-form level,
this time with a basis in physics. The wvork was carried out in Robert
Gordon's Institute of Technology, Aberdeen, where.a team of Institute !
staff, local physics teachers and educational administrators developed
The Power Station Game, a role-playing exercise based on the design of
a largc power station.’® Following extensive field trials in and around )

,Aberdeen, the final version-of the game was published by the Institution
of Electrical Engineers (IEE) in 1976. It hasfince been used in a wide
variety of educational and training situ s,sa'_"""61 and has also
generated a nimber of further exercises, most of which have had a fairly
high physics or engineering content (sce Chapter 4 and Part 2).5. 6

“While The Power Station Game and its successors were being developed
in Aberdeen, parallel work in chemistry and biology was taking place in
S‘ncgow. This was co-ordinated by the Sciénce Education Group of the

-
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University of Glasgow, where a whole range of ‘mind-broadening’
simulation games and simulated case studies, designed for incorporation
into chemistry courses at both secondary and tertiary levels, were
developed between 1973 and 1978.%% 6% % Ajl were thoroughly field
tested and evaluated,'® % and all have subsequently been published ~
three by the Education Division of the Chemical Society and the
remainder by the Scottish Council for Educational Technology. Some of
these exercises will be cxamined in detail in Chapter 4, and all are
described in Pate 2.

A similar series of biology-based games, designed for use at secondary-
school level, was also developed at Glasgow. Although these were all field
tested and evaluated,®® they have not so far been published.

One of the most interesting recent applications of science-based

" simulations has been their use as the basis of a number of inter-school
competitions. The first of these, Hydropower 77, was organized by the
North of Scotland Hydro-Electric Board (NSHEB) during the winter of
1976-77 for secondary schools in their area.®” It was based on a highly
demanding simulated case study in which cross-disciplinary teams of
senior pupils had first to design a hydro-electric pumped storage station
and then write a ‘consultant’s report’ and prepare a multi-media
presentation on their proposed scheme. The competition project was
subsequently converted into. a self-contained teaching package and
published by the IEE under the name Hydropower (see Chapter 4 and
pl3

During the following winter, the NSHEB ran a further competition of
a similar ty pe, this time based on alternative cne:rgy.69 The competition
project was also subsequently converted into a self contained teaching
package, which was published by the {EE under the name Power for
Elaskay (sce Chapter 4 and p 139). ™

A third inter-school competition, known as Project Scotia, was run by
the 1EE during the winter of 1978-79 — this timc on a UK-wide basis.”
The competition project, which involved designing a UHF television
broadcasting network for a remotce area, was developed in conjunction with
the BBC and the Independent Broadcasting Authority (IBA). It will
cventually be published as a self-contained teaching package for use at
secondary an®®Ttiary levels.

The IEE has also organized a series of regional compeutions based on
The Power Station Game. The first was held in Aberdeen in 1977, the
second in Brighton in 1978™ and the third in Lancaster in 1979.

(c) Developments in the use of games and simulations for teachmg
about science and technology. Although the main purpose of the various
games, simulations and competitions described in the previous section was
to usc scicnce-based exercises as vehicles for achieving non-cognitive
objectives (eg cultivating communication, decision making and inter-
personal skills), they were, in almost every case, also designed to teach the
participants about the social rclevance of science and technology. Thus,
virtually all the exercises could be sdid to have been designed for teaching
about science and tcchn;jo  as well as for educating through science,
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Many have since been used for this purpose, both with science and
engineering students and with non-science students. 54, 61,75

Perhaps the most important development in this area has been the
Association for Science Education’s Science in Society course. This is an
alternative O-level (AO level) course in science, designed to be taken in
the sixth form, as a complement to conventional science and arts
courses.**3! Work on the project started in 1977, and it was decided at
an carly stage to make extensive use of games and simulations in the
course.’® Furthermore, these were built into the basic fabric of the course
curriculum rather than used as ‘optional extras’, as had so often been the
case with such exercises in the past. A series of simulation games and
simulated case studies was specially dcvclopcd by the project team and,
following exhaustive field trials and modifications, was published as part
of the overall course package (see Part 2). -

—'\ v
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Chapier 3:

Card and board games

In this and the following two chapters, the various types of game,
simulation and case study that can be used in science education will be
examined in depth. This chapter will deal with card and board games,
Chapter 4 with other manual exercises, and Chapter 5 with computer-
based exercises. In each case, a general discussion of the main
cducational characteristics of the different types of exercise will be
illustrated by detailed examination of specific examples.

Card games

The class of ‘card games’ is taken to include all games where the playing
materials consist solely of cards of one form or another. Gmes (such as
Circuitron) which also make use of a board are excluded, such exercises
being regarded as belonging to the class of ‘board games’. As we saw in
Chapter 2, the class contains some of the first science-baséd games to be
developed, including well-known examples such as Chemsyn, Formulon
and lonics. .
Card games have the following general characteristics:

(a) They are invariably compact and are thus easily stored and

carried around, as well as being relatively inexpensive.
(b) Most card games are simple, with comparatively short playing times.
This enables them to be fitted easily into the structure of most
curricula, either by building them into the actual lessons as
reinforcing exercises or by inviting pupils or students to play them
during lunch breaks, free periods, etc.

(¢) The great majority of educational card games are based on the
formats of well-known games such as rummy, solitaire or dominoes.
‘This means that most pupils and students find their rules easy to
pick up.

(d) Most educational card games are fun to play and, in exercises of an
interactive nature, the competition factor is generally high. This
increases motivation in two ways, since each player

(1) wants to ensure that what he does is correct, so that he can
. play to maximum cffects
(i) wants to find fault in what other players are doing, thus
cnsuring that their efforts are subjected to continuous critical
scrutiny.
(e) Card games are generally limited to relatively low-level cognitive
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objectives (eg reinforcement of knowledge, fostering of
understanding, demonstration of simple applications), although
they can also be useful in cultivating simple decision-making skills.
Provided their intrinsic limitations are fully appreciated by both
designers and users, however, this need not be a disadvantage,

(f) A som.what more serious potential weakness of card games is the
danger that, unless the game structure and educational content are
properly integrated, pupils and students can play them purely as
games without deriving any real educational advantage from so
doing. (A number of commercially available science-based games
tend to have this weakness to a greater or lesser extent.’) In
designing an educational card game, it is essential to ensure that
players have to use the educational content in order to be able to
play effectively, and not simply the seructure (ie the rules),
Provided this is done, a card game can constitute a highly effective
learning situation.

Let us now examine two specific examples of science-based card games
namely Formulon and Chemsyn.

2]

FORMULON

Formulon (p 159)is designed for use in the teaching of basic inorganic
chemistry at lower and middle secondary-school level (ie with pupils aged
roughly 13 to16). The game consists of a_pack of 100 cards plus a three-
page instructional leaflet; 78 of the cards represent atoms or ions,

20 multipliers (2 or 3) and the remaining 2 Mendeleef cards (jokers) can
be used to represent any atom or ion in the pack, but not multipliers. The
basic idea of the game is that pupils have to use the cards to make
chemical formulae.

The rules of Formulon are simple. The players (up to eight in any one
game) are each dealt a hand of ten cards, the remainder of the pack being
placed face down and the top card turned face up and placed alongside.
Play then proceeds in much the same way as in rummy, each player having

-to do one of the following three things on his turn.

(a) Place a correct formuia on the table using the cards in his hand
eg.
In2+ cr in2+ crr
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(b) Alter a formula he has placed on the table previously (but not pick
itup and replace it by a completely new one)

H 0 —
H 0 el || O
2
e 0
oo je=1fl || O

(¢) Pick upa card from cither the face up or the face down pile and
then discard one of his cards by placing it on top of the face-up
pile. ’

Each round of the game ends when one of the players has used up all
his cards, The other players add up the valencies of all the cards they are
left with, mulupliers caunting as their face values and Mendeleef cards
as 8. The scores are noted and, after several rounds (as many as time
permits), are totalled; the player with the lowest total is the winner.

Formulon is a good example of a game in which the educational
content and game structure are well integrated.® To play effectively,
iayers must have a basic knowledge of the properties of the different
types of clement and 10n and of the way in which these combine to form
ionic and covalent compounds. The game constitutes a vehicle for
reinforcing this basic knowledge, and (through feedback from other
players) of helping pupils to fill any gaps in their knowledge or
fundamental misunderstandings they may have. it is also simple to
organize with a class of any size¢, and could therefore be incorporated
into any basic chemistry course atschool or college level. In addition,
Formulon could serve as a useful paradigm for teachers of other branches
of science. Its basic principles could, for example, easily be adapted for
use in a number of biological teaching situations.

CHEMSYN

Chemsyn (p 151) is a more sophisticated chemistry-based card game
designed for use in teaching basic organic chemistry to senior school pupils
and junior undergraduates.”” It consists of a pack of 52 numbered cards
pllus a 24-page instructional booklet, each card containing detailed
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information about one particular organic compound. The object of the
game is to convert a random distribution of cards into an ordered sequence,
illustrating the way n which the various compounds can be interconvereed.

Each card in the Chemsyn pack has a *picture’ side and a ‘text’ side, the
former depicts a number of different representations of the structure of the
particular compound, while the latter gives detailed information about its
stereochemistry, basic properties, method(s) of preparation and reactions
(see Figure 3.1).
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Figure 3.1. the picture and text sides of a typical Chemsyn card

<
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Of the 52 cards in the pack, 50 represent compounds drawn from a
broad range of chemical classes belonging to aliphatic and aromatic
organic chemistry (eg alkanes, alkenes, alkynes, alcohols, phenols, esters,
aldehydes and ketones). The number of cards devoted to each class varies
from one to five and, where appropriate, both aliphatic and aromatic
compounds are represented. The remaining two cards are blank and can
be used to represent any compound (ic they serve as jokers).

Chemsyn can be played by a single person (solo Chemsyn) or by a group
of two to five students (group Chemsyn). In cach case, the basic object of
the gamie'is to buwild up an ordered sequence of cards that shows how the
various compounds (or the chenneal classes to which they belong) can be
interconverted by synthesis and degradation. In solo Chemsyn, for
example, the pl~  r works systematically through the pack in solitaire
fashion, trying tv add cach successive card to the sequence he has built up,

‘ In group Chemsy n, the cards are dealt to the participants and to a central
bank, and the play ers (operating 1n rummy fashion) try to build up asingle
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common sequence by using the cards in their hands; the winner is the first
person to get rid of all his cards. Part of a typical Chemsyn sequence is
shown in Figure 3.2.
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Figure 3.2. Part of a typical Chemsyn sequence showing the reagents by which each
of the transformations might be achieved.

The educational philosophy behind Chemsyn is that organic chemistry
is based on a relatively small number of fundamental facts and concepts,
with the subject opening up in a logical manner once these have been
mastered. The essential groundwork: lies in a sound knowledge of
functional group reactions, of molecular shape and of commonly used
names and terminology for individual compounds and compound classes.
The object of Chemsyn is to help students reinforce this groundwork by
placing them in a challenging or competitive (and hence a motivating)
situation. Although not as well integrated a game as Formulon,* itis
a good example of how a game structure can be superimposed on an
advanced learning situation in order to make it more palatable to students.
Thus it could again serve as a useful paradigm for teachers of other -
branches of science,

Board games ‘

The class of board games is taken to include all games which make use of
a specially provided playing surface of some sort. It includes a large
number of scicnce-based games, particularly the range produced by
Longmans, many of which make use of such playing surfaces. Note that
the board in such a game need not be a conventional stiff board of the
Monopoly type; most of the Longman's games, for example, have thin
card boards that are supplied as part of the game booklets.

As a group, board games have similar characteristics to the card games
discussed above, except that they are generally somewhat more
Clnmplicatcd and, in many cascs, considerably more expensive (the
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Longman range are notable exceptions, since they are all produced as
inexpensive A4 booklets which are dismembered and cut up in order to
produce the playing materials). Like card games, their main educational
uses are as reinforcement exercises, although the fact that most board
gaimes take somewhat longer to play than the average card game makes
them slightly more difficult to fit into tight curricula. Again like card
games, it is essential that their academic content and game structure be
well integrated if they are to constitute effective educational exercises.
Board games come in 2 wide range of types, but itis possible to

introduce 2 rough classification according to the way in which the playing
surface is used. In the first group, of which Scrabble is a good example, the
board is used simply as a matrix on which a pattern of some sort may be
built up. In the second group, of which Ludo and Monopoly are ty pical
members, the board is used to provide 2 predetermined linear path (or
paths) along or round which players have to progress. In the third group,
of which chess is probably the best-known cxample, the board is used as
a simulated bartlefield of some sort, play being both mobile and two-
dimensional (rather than one-dimensional, as in the second group). In the
final group, of which Shell’s North Sea was one of the first examples, one-
dimensional activity on the perimeter of the board is used to control

. two-dimensional activity on the interior. Let us now examine an example
of each type of game, namely, Circuitron, The Great Blood Race,
Invasion (Microbes) and The Offshore Oil Board Game.

CIRCUITRON

Circuitron (p 131)is a physics-based exercise designed for use in teaching
electrical circuit theory.* 3! jtis nota single gamie, but a family of five
games ranging from the very simple to the very difficult. The games can be
used at a wide range of levels — from upper primary, through secondary,
to lower tertiary. In every game, the basic idea is the same, with players
building up electrical circuits by arranging rectangular pieces re presenting
components such as batteries, bulbs and switches on a specially designed
board.

Thie Circuitron package consists of a board, a set of 64 cardboard
playing pieces plus 64 blanks (for use in making extra playing pieces if
required or replacing lost pieces), and a 32-page teacher’s manual. The
board consists of a rectangular matrix of 110 slots in which pieces may be
placed joined by ‘connecting wires’ (see Figure 3.3). The various types of
playing piece and the values they are assigned in the game are shown below,
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In a typical game, a player (or pair of players) draws a ‘hand’ of pieces,
and then tries to place them in slots in the board in such a way as to make
up a tomplete valid electrical circuit with as high a total score as possible
(the sum of the values of the individual picces used). w

Lo WA,
Tt el 30 e

The five basic games that can be played using the package differ
considerablyin complexity and difficulty, these factors being controlled
by varying the types of pieces available for selection from the pack, the
number of picces in a hand, and the detailed rules governing the
formation of circuits. The package is designed for usc with a'group of
four players, who may play as individuals or in pairs, each individual or
pair trying to build up as high a score as possible over a number of rounds.

As in the case of the two card games described eariier, Circuitron is
not intended as a substitute for either conventional teaching or laboratory
work. Rather, it is designed as a reinforcement and consolidation exercise
to be used immediately after new ideas have been presented or new types
of circuit studied in the laboratory. For example, after pupils have just
discovered by experiment that the qurrent is constant all round a series
circuit and have learned how to connect up ammeters, they could play
Game 2 in which all their ammeters need to have the same reading an¢
be joined up correctly. To help teachers make the bgst use of the package,
the teacher's manual includes the algorithm shown in Figure 3.4 ~ a good
| example of the type of systems approach that can help 1o ¢nsure that—
} ( educational games and simulations are used to maximum effect.
\
|
|
|

As mentioned in Chapter 2, Circuitron was one of the first science-

Figure 3.3: A typical Circuitron circuit (total sc;‘m 19)
based games on which a thorough evaluation of educational effectiveness
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Figure 3.4: The algorithm sbow}ng'l)ow Circuitron sbould be used
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was carried out.*® During the pre-publication trials of the package,

111 pupils of 12 to 13 years (61 boys apd 50 girls) at three comprehensive
schools in Glasgow, who had all complﬁ:.ld Section 7 (basic electricity) of
/the Scottish Integrated Science Course, were given a short objective test to
see how much they knew about circuits. They then played Circuitron for
about two double periods (roughly two and a half hours altogether), after
which they took the test again and filled in a short questionnaire on the
game. Comparison of the results of the two tests showed that a
statistically significant gain in knowledge had taken place, while the
questionnaire indicated that over half of the pupils thought they had
‘learned 2 lot about clectric circuits’ froia playing the game and that over
three-quarters had found it ‘highly enjoyable’.

THE GREAT BLOOD RACE

The Great Blood Race (p 190) is a biology-based simulation game
designed for usc in the middle and upper forms of secondary schools. It
deals with the circulation and basic physiological functions of human
blood, and forms a selfscontained learning unit that can either be used on
its own or as a reinforcement for conventional face-to-face teaching.

The game (which is designed for use with groups of two to six players)
is supplied in the form of an A4 booklet whose four outer sheets (of
thin card) are used to prepare the board and other playing materials and
whose two innermost shects (of paper) constitute an eight-page
background reader/instruction booklet for the participating pu pils.

A playing set of the game is prepared by removing the four outer sheets
of the booklet, joining the first two together to form an A2 board, and
cuttin,g up the other two to formsix packs of ‘chance’ cards and two
‘spinners’.

The way 1n which the game constitutes an accurate simulation of the
human circulatosy system can be scen by comparing Figure 3.5 (a
schematic diagram of the circulatory system)and Figure 3.6 (which shows
the basic lay-out of the board). As its name suggests, the game consists of
a race — players having to complete a single circuit of the branching
‘track’. Their rate of progress is controlled by use of a six-sided spinner,
and is helped or hindered by various chance and other factors
encountered oa route.

Before they attempt to play the game, the participants are expected to
read the background/instruction booklet thoroughly to ensure they have
the knowledge needed to play effectively. As they progress through the
game, the players are confronted regulardy with problems that they can
only solve if they know certain facts about human blood — feature that
helps provide motivation for learning. This motivation is undoubtedly
increased by the fact that a player who is ignorant of certain important
properties of blood may have to withdraw from the game if he makesa
serious mustake, although the educational effectiveness of such a drastic
penalty is open to question.

o The type of linear format employed in The Great Blood Race is one
ERIC
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range of subjects. In addition, usc of this format (with which most pupils
are familiar) generally produces an exercise whose basic rules can be .
picked up fairly easily, this is an lmpor(ant factor in determining the
educational cffecuvcncss of a game, since pupils are liable to lose interest
in an exercise whose rules thcy find difficult or abstruse.

INVASION (MICROBES) .

Like The Great Blood Race, Invasion (Microbes) (p 18+4) is a biology-based
game dcsigncd for use at middle and upper sccondary level. It simulates
the ‘wars’ that are constantly being fought to maintain our health, and is -
designed to help pupils learn how it is possible for our bodies to ward off
the attacks of discase-causing microbes by deploying defence mechanisms
of various types. The game again constitutes a self-contained lcarnmg unit
that can be used cither on its own or as a reinforcement exercise,

The game, which is designed for simultancous use by up to four pairs
of players, is supplied in the form of an A4 booklet very similar to that
of The Great Blood Race. The outer sections of this booklet are used to
prepare the A2-sized board and other playing materials (mainly sets of
‘attack’, “defence’ and ‘bonus’ cards), while the central section again forms
. an cight page bachground reader/instruction booklet for the participants.

‘The game board is divided into four independent sectors, cach of
which represents an organ that is under attack by pathogens (1. the skin,
under attach by staphylococei, 2, the lungs, under attack by tuberculosis
bacilli, 3, the sex organ, under attack by syphilis spirochetes and
+. the gut, under attack by typhoid bacilli). All four sectors have the
same general lay -out, that represenung the gut bung shown in Figure 3.7.

Before starung the game, the participants are again expected to srudy )
the background/instruction booklet in order to acquire the detailed
knowledge of the propertics of the different types of pathogcn and the
mechamisms by which the body tms to repel them thae is needed to play
effectively,

The gamic proper takes phcc in two stages, In the first (the so-called
‘colonization’ or ‘furce raising’ phase) the players who are atncl\mg, and
defending a pirticular organ have to try to build up their respective
forges of pathogens and defensive bodies (phagocy tes and anubodies) in
the areas behmd the central battle zone. They do this by taking turns to
draw cards from: the appropriate ‘attack’ and ‘defence’ packs and trying
to answer questions about their respective ‘forces’, if they succeed in
doing so} they win the right to colomze a certain number of hexagons
and (in sume cases) to collect a ‘bonus’ card for use in the latter stages
of the subsequent battle phase. A hexagon is colonized by writing the
appropriate symbol in its centre.

The second phase of the game is the actual *battle’. Here, the players
take turns to use a ‘battle spinner® that tells them by how mapy hexagons
they can advance into the central ‘battle zone'. In this phase, the attacket
tries'to occupy as many hexagons as possible while the defender tries to :

|
that could be adapted for use in a varicty of teaching situations in a wide
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. Figure 3,7: Sector 4 of the board used in Invasion (Microbes) = the gut
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both a phagocyte and an antibody have been placed adjacent o a
pathogen, the latter 15 destroyed). Play continues until all hexagons on
the bauleficld have been occupied, whercupon the defender and ataacker
use the ‘bonus’ cards tflcy have collected to destroy or reinstate further
pathogens. A score sheetis then used to determine who has won, points
being awarded for the different types of hexagon occupied by each player,
Invasion (Microbes) is an excellent example of the way in which a board
can be used as the basis of a two-dimensional ‘mobile’ game and also of
the way in which motivation for learning can be produced by placing
students in 2 competitive situation in which they bave to know cerain facts
before they can play effectively. (As a general rule, players who are
preparing to play a game or take part in a simulation only take the trouble
to acquire such background knowledge and familiarity wich the rules that
are essential if they are to play reasonably effectively, all other matenal
being cither skimmed through or completely ignored.) We have seen that
one of the main factors in determining the overall effectiveness of an
educational game is the extent to which the academic content and game
structure are integrated. Invasion (Microbes) demonstrates one method by
which such integration can be achieved. !

climinate these pathogens by deploying phagocytes and antibodies (once |
\

-

THE OFFSHORE O1L BOARD GAME

The Offshore Oil Board Game (p 196) began life as North Sea, a family
board game based on Britain’s North Sea vil industry that was developed
by Shell (UK) Ltd during the mid-1970s.™ ‘The game was subsequently
converted into a decision-making exercise for use in the Associztion for
Scienee Fducation’s Science in Society course, the onginal expensively
produced boxed game being re-designed as an inexpensive ‘do-it-yourseif’
kit that could be made up by teachers.™

A playing st of the game (which is designed for use by up to five
people — four players and a ‘banker’) consists of a board, a sct of playing
materials (playing picces, money, chance factor cards, ete), five student
booklets, five student cards and a teacher’s guide. The student booklets
contain detailed background information about the offshore oil industry,
together with the full rules of the game, and are intended to be studied at
home before the game stares. The student cards carry a diagram of the
board on one side (see Figure 3,8). This is meant to be studied at home in
comjunction with the rules. On the other side, they carry an casy-to-follow
synopsis of the game (see Figure 3.9) designed for use dunng actual play.

The Offshore Oil Board Game is a realistic simulation of the actual
process by which North Sca oilficlds are discovered and subsequently
brought into production. It begins with an auction of all the concessions
inone area of the board, each player having to acquire at least one if he
is to rake any furcher part in the game (this gets the exerase off to an
exciting, highly competitive start). Next, players have to go through the
process of exploring for oil, appraising any field(s) they discover,
developing one of their fields, bringing it into production and using the

Q
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resulting income to pay off the loans needed to finance carlier operations.
The winner 's the furst player to brng a field into production and pay off
all his loans.

A key feature 1n the design of the game is that activity on the interior
of the board (which represents a potential oil-bearing sedimentary basin
in the North Sea) is controlled by activity on the perimeter (which
represents the surrounding coastline). Players move round the perimeter
in Monopoly fashion by throwing two dice, making use of the ‘decision’
squares to carry out their programumes of activities on the interior (see
Figure 3.8).

The educational aims of The Offshore Oil Board Game are twofold,
namely, to teach the participants about the way in which the offshore oil
industry operates and to help thcm develop the ability to think rapidly
and effectively under pressure,™ The key to achieving both these aims is
the use that 1s made of the ‘decision’ squares on the perimeter of the
board. Every ume a player lands on one of these squares, he has to decide
(on the basis of his knowledge of how offshore oilficlds are developed
and his apprassal of the current tactical state of the game) what his most
effective next step would be. The idea of using ‘decision’ squares in a
game, and the assvciated idea of using one-dimensional activity on the
perimeter of a board to control two-dimensional activity on the interior,
could well be adapted for use in other teaching situations.




Chaprer 3:

Other manual exercises

Strictly speaking, the term ‘manual’ applies to all games, simulations and
case studies that do not involve use of the computer — including card and
board ganies of the type described in the last chapter. For the purposes of
this chapter, however, we shall consider the term as applying only to those
non-computer-based exercises where the main resource material consists
of sheets of paper, leaflets or booklets rather than cards or a board. This
has traditionally been the most common medium in which academic
games, simulations and case studies have been written,

The most iniportant characteristics of the manual medium (using the
term i the limited sense defined above) are its great versatility and
flexibihty, and the comparative ease with which resource materials can be
produced and duplicated. The former makes it possible for manual
exeruwes to achieve 2 much wider range of educational objectives than
card or board games (which, as we have seen, are largely limited to low-
level cognitive objectives) and allows them to be used in a much greater
variety of roles, covering all the areas outlined in the first part of
Chapter 2. The latter means that anyone with access to a typewriter and
a photocopier can produce all lis/her own materials and run off as many
copies as he/she needs casily and inexpensively. This again contrasts
sharply with the card and board game media, in which the resource
matertals are generally more difficult both to produce and to duplicate,
buards, for example, have either to be laboriously manufactured by hand
or printed by some relatively expensive process. -

Despite the wide range of formats in which manual exercises are
produced and the wide range of uses to which they are put, they can
usefully be divided into four basic ty pes according to their underlying
structure, namely lmear, radial, compuosite and mudti project exercises.
The mamn charactenstics of each of these classes will now be discussed,
andspecific illustrative examples (that could serve as useful paradigms for
similar developments in other subject areas) examined,

Linear exercises

The two fundamental structures on which virtually all manual exercises
are based are the so-called linear and radial structures, cach of which can
be used fur the achtevement of distinct (although not necessarily mutually
_ exclusive) sets of broad educational aims and objectives.® The essential
structural charactenstics of excreises that have a linear formac are as
& thows:
. ERIC
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the participants progress sy stemaneally through a predetermined
series of acuvities,

- all participants have the same basie resource materials and carry out
the same basic set of acuwities.

In common with all other ty pes of game, simulation and case study, hinear
exercises can be used to achieve a wide range of educauonal objectives
related to their subject content. In addition, they have the following
specific educational characteristies:

— the progressive nature of their structure enables a complicated case
study to be broken down into casily manageable stages and clearly
illustrates the relationship of each part to the whole;

- they can be used to foster the development of a wide range of skills,
including pzoblem solving, analytical and decision-making skills.

These characteristics will now be illustrated by examining two spegfic
exercises, namely Project 1 from the Central Heating Game and What
Happens When The Gas Runs OUw?

PROJECT 1 FROM THE CENTRAL HEATING GAME

The Central Heating Game (p 130) 1s i fact a mult-project exercise™

(a collection of five projects all’based on the theme of domestic central
heaung), and will be described luter in this chapter, Its first project is,
however, an excellent example of the type of linear exercise under
discussion, and will therefure be examined now. This is designed for use
in the teaching of physics, engineering and architecture at upper secondary
and lower tertiary level, and takes the form of a highly structured
simulated case study on the heating requirements of a typical three-
bedroomed bungaluow. The pruject tahes roughly two hours to complete
and can be used with a class of up to 24.

‘The strueture of the project is shown schematically in Figure 4.1,
Before the project starts, the members of the class are each issued with a
copy of an introductory bouklet to study at home. This booklet contains
general informaton about domestic central heating and home 1nsulation,
and is designed to give the partiipants the background knowledge that
they need to carry out the work of the project (1t is used as an
ntrodaction to all the projects in the Central Heating Game package).

At the start of the project, each student or pair of students 1s issued
with a data sheet giving basic architectural and technical information
abuut the bungalow to be studied rogether with a copy of project
sheet 1(a) This provides them with the theoty that they need to carry
out Stage 1 of the case study  the calcuiation of U-values (thermal
transmittance coefficients) ot some of the structural components of the
bungalow (the walis and windows in this case). The sheet alsv gives them
detailed instrucuons on how to calculate these U-values together wath a
partly completed table in which the answers to the various stages of the
calculations may be inserted,

ERIC - 15
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PRUL IMINARY HOME STUDY OF INTRODUCTORY |
WORK BNOKLEY Oh CENTRAL HEATING

> CALCULATION OF 1 VALUES
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DISCUSSION OF SIGNIFICANCE OF

OEBRIEFING RESULTS BY WHOLE CLASS

*
Figure 4. 1. Scbematic structure of Project | from Central Heating multi-project pack

As soon as Stage 1 has been satisfactorily completed, the students are
1ssued with project sheet 1(b). The first part of this sheet contains a table
giving the correct answers to the U-valuc calculations carried out in
Stage 1, plus the U-values of all the other structural components of the
bungalow, so that the students can check their earlier work. It also
provides them with the theory and instructions they need to carry out
Stage 2 of the case study (calculation of the design heat loss of one of the
rooms of the bungalow — the kitclen) and a table in which the answers to
the various calculations may be inserted.

As soon as Stage 2 has been satisfactorily completed, the students are
issued with project sheet 1(c). This again contains a table that gives the
correct answers to the calculations carried out in the previous stage, plus
the corresponding design heat loss figures for all the other rooms of the
bungalow. It also provides the theory and instructions needed to carry
out Stage 3 of the case study (calculation of the total annual heat energy
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requirements of the bungalow) and a table in which to fill in the answers |
to the varous calculations,

On completion of Stage 3, the students are issued with the final project
sheet, which again provides the correct answers to the calculations just
earried out. It also contains detailed instructions on how to carry out the
final stage of the case study - calculation of the effects on the annual heat
requirements of the bungalow of introducing various additional msulation
measures (loft imsulation, cavity wall insulation and double glazing) ~
together with tables in which the answers to the various calculations may
be inserted.

Once Stage + has been completed, the students are issued with a second
data sheet that contains the answers to the final set of calculations. The
project is then brought to a conclusion by holding a short debriefing
session in which the significance of the results of the project are discussed
by the whole class. Such debriefing sessions are a vital part of educational
games, sinulations and case studies of all types.

‘The method of approach empleyed in the above project enables a
highly complex and challenging problem to be broken down into easily
manageable stages, and also gives the students a clear understanding of
the significance of the various calculations involved. The linear format is
ideally suited to this type of use.

WHAT HAPPENS WHEN THE-GAS RUNS OUT? ~

What Happens When The Gas Runs Out? (p 177) is a chemistry-based
interactive case study designed for use with junior science undergraduates
and senior secondary pupils of roughly A-level standard.'®* ® Its main
aims are to provide a vehicle for educating ‘through’ science (sce

Chapter 2) and to help demonstrate the social and economic imphcations
of science and technology. The exercise involves appraising Britain’s likely
reserves of natural gas and foinulaung a policy for providing a viable
replacement when these reserves are exhausted. The project is designed to
fivinto a standard three hour laboratory sesston, the participants working
in co-operative groups of four to cight.

The structure of the exercise is shown schematically in Figure 4.2,

[t begins with a brief introduction by the teacher or lecturer in charge.
The students are then divided into their working groups and issued with
copies of a sheet that describes the work to be carried out i Part 1 of the
exercise and provides them with all the necessary background
information and data. Part 1 involves carrying out a quantitative
examination of the calonfic properties of manufactured town gas and
natural gas, and discussing the sort of problems likely to be encountered
in converting gas appliances from one to the other. This stage of the
exercise takes roughly 40 minutes.

Once Part 1 has been sausfactorily completed, the students are ssued
with a second sheet deseribing the work to be carried out in Part 2 and
providing all the necessary information and data. Part 2 involves relatng
the quantity of natural gas estimated to be present in the North Sea to

RIC o)
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INTRODUCTION TO TOPIC AREA AND FORMAT
0F CASE STUDY BY TEACHER OR LECTURER:

INTRODUCTION i DIVISION OF CLASS INTO WORKING GROUPS
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\ 4 .
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BY SMALL
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woggms FACED WITH EXHAUSTION OF NATURAL
COOPERATIVELY N GAS RESOURCES IN FORESEEABLE FUTURE,
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\\ 4

OETAILED EXAMINATION OF TECHNICAL
FEASIBILITY OF ONE POSSIBLE OPTION.
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FEASIBILITY OF PRODVCING SYRTHETIC
N osmet s NATURAL GAS FROM COAL AND OIL :
FORMULATION OF POSSIBLE OVERALL POLICY
FOR GAS INCUSTRY OVER NEXT 20-30 YEARS

DIBRIEFINS S

Figure 4.2 Schemats structure of What Happens When The Gas Runs Que?

~
likely future consumption trends and hence estimaung how long the gas
is likely to last. It again takes roughly 40 minutes.

On completion of Part 2, the students are issued with a further work
sheet for use in Part 3 of the exercise. This takes as its starting point the
fact that Britain’s natural gas reserves are almost certain to become
exhausted well within the lifetime of the students (the conclusion that
| they should have reached in Part 2), and involves discussing possible
| alternative sources of supply and apprasing their relative advantages and
| di§advantagcs. This stage takes roughly 20 minutes.

ERIC : 51

|
|
|
|

Aruitoxt provided by Eic:




O

ERIC 55

Aruitoxt provided by Eic:

N\

58 GAMES AND SIMULATIONS IN SCIENCE EDUCATION

‘The next two stages of the exereise (Parts 4 and 5) consist of a detailed
appraisal of one of the nmost promising vptions that should have emerged
from the discussions in Part 3, namely manufacture of §yn,thctic natural
gas from coal or ol Part + (35 minutes) 1s devoted to an examination of
the technical feasibility of this particular option, and Part 5 (45 minutes)
tv an appr.usal of 1ts economic viabulity and formulation of a possible
overall poliey for Bnuun's gas industry over the nexe 30 years. The
students are agan issudd with a new work sheet at the start of each stage.

What Happens When The Gas Runs Out? is essentially a linear
programme m which the participants are led through a series of activities
whose objectives are nunally mainly n the lower part of Bloom’s
wgmitne doman' and finish up in the higher regions. Such a progression
154 feature of many exerases of this type, and is something that the
authors behieve can be achieved by employing a linear structure of the
tpe shown, this structure enables each stage to build systematcally on
the work of its predecessors, thus allowing a progression from simple to
wmplex ideas to take place casily and®naturally. Like Project 1 from the
Central Heating Game, the excrase also provides a good exgmple of the
effective use of resource matenals in a linear teaching sitnation.

Radial exercises

The second fundaniental structure that can be used in manual exercises is
the so-called radial serug ture, Exerases designed in this format have the
following basie st ctural characteristics:

- each participant (or group of participants) carries out a set of
activities specific to a given role in a scenario or particular point
of view 1n a problem situation and then presents information or
argues a case at a plenary session or simulated meeting,
the vanous participants (or groups of participants) have different
resource materials and carsy out different (albeit often related)
activities,

Like hnear exerases, radial exercises can be used to achieve a wide
range of educational objectives related to their subject cor.tent, but also
have 2 number of educational charactenstics that are specificelly related
to thewr structure:

— they enable the different arguments or points of view in a
comphicated problem to be identified, examined in dcm’jl, and
subjected to informed criticism and discussion;

- they foster the development of a wide range of useful skills
(particularly thosc related to the preparation, presentation and
defence of arguments), and can also be used to develop desirable
atitudinal traits (such as a willingness to listen to the points of
view of other people or an appreciation that problems can generally
be viewed in a number of different ways).

These charactersstics will now be illustrated by taking a detiled Jook

Aw
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at three typical radhal exercises, namely Fluoridation?, The Amsyn
Problem and Proteins as Human Food,

FLUORIDATION?

Fluondation? (p 194) s a role-play ing simulation game designed for use as

a case study and ‘mind-broadening’ exercise tn science 1n society, modern

studies and health education courses at buth upper secondary and tertiary

level8! 1t 15 based on the hypothesis that an area health authority (for .

the imaginary Hadley area) 1s considering the principle of fluoridation of

the public water supply, and takes the form of a simulated public mecting

called by one of the Communiry Health Councils to discuss the question,

The exercise takes between one and a grarter and two hours to complete

(depending on the numbers involved and vn the level of sophistucation of

the participants) and ean be used with a class of between 13 and 24

students.

4 The structure of Fluondation? s shownn schenaue form i Figure 4,3,
Roughly a week before the exeraise s due to take place, each participant s
gven a copy ot anantroductory booklet to read at home. This contains
bachground infurmation about those aspects of lucal gosernment structure

- relevant to the game, a summary of the main features of the simulated
area, and a review of the format and structure of the exerase, At this
stage, the participants are also allocated their roles ana given the |
approprate briefing buoklet su that they an prepare the arguments they
are to present,

. The game wself takes the form of a structured debate in which
representatives of the vanous groups that support and oppuse fluondation
present their respective cases to the members of the Community Health
Council, who have the task of deciding whether or not to support
fluonidation when the issue 1s discussed at a higher level, The exercise has
been destgned in such a way that the main arguments commonly
presented in favour of fluoridation are shared between the various
supparters, w hile those generally raised by the pressure groups that
oppose fluondationare shared between the objectors (see Figure 4.3).

The chairman of the Counc:! controls the debate, calling the various
speahers 1n a predetermuned vrder and using any time that remains for
an open discussion. .
Fluoridation? 1s a typieal radial eercise i that it (a) provides the
participants with the basic facts regarding the issue being examined, and
(b) shows that these basic facts can be looked at from more than one

' pomnt of view. In pa.acular, it highhghts the type o conflict that almost
mvariably arses between the protagomsts of a controversial measure,

. who generally produce detaifed arguments to show that it would be
technucally or economically beneficial to the community as a whole, and
its opponents, who generally claim that its introduction would violate the
rights of the individual or produce unacceptable (albeit often .
unquantifiable) environmental or social side-cffects. Such issaes, whose
'Cf"‘ution has nearly always to be based on the formulation of value
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Figure 4.3. Schematic structure of Fluoridation?

judgements rather than on the rational appraisal of facts, are ideally suited
to treatment using a radial rather than a linear format. Fluoridation?
provides a goud example of the type of approach that may be cmployed
in dealing with issues of this kind in a classroom.

During its final pre-publication, ficld trials in three Aberdeen schools,
an attempt was made to evaluate the educational effectiveness of
Fluoridation?® This proved extremely encouraging, indicating that the
exercise Was succeeding in achieving both its cognitive and its affcctivy
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ijccnvcs and clearly demonstrating that it was highly popular with both
pupils and teachers, One interesting (and not altogether unexpected)
outcome of this evaluation was that the participants tended to become
polarized by thc:grolcs those who were given roles supporting
fluoridation showing a distinct positive attitude shifi towards
fluoridation as a result of playing the game, and those given opposing
roles showing an .nmtudc shift in the opposite direction. Such polarization
is somcthmg that must be kept under careful review by designers and users
alike, since its effects can, 1n certain circumstances, be counter-productive
~ or even harmful,

THE AMSYN PROBLEM

The Amsyn Problem (p 173) is a role-playing simulation game designed for
use with sentor secondary pupils and junior undergraduates as a vehicle for
educating through science and for denionstrating the social relevance of
chemustry.*® It 1s based on a typical industrial problem situation, in which
a small chenucal firm have to decide how they can reduce the impurity
levels in their effluent in order to meet new regulations. The exercise is
designed for use with an optimum number of 16 participants and takes
roughly two to three hours to complete.

‘The game scenanio is based on the hypothetical firm of Amsyn Ltd,
whuse main activity 1s the nanufacture of aronatic amines. Their current
production process produces large quantuties of heavily polluted effluent,
however, which has until now been discharged directly into a nearby
niver - with disastrous environmental results. In an attempt to clean up
-1e niver, the lucal district council plan to introduce stringent regulations
regarding the impurity levels of industrial effluent, and Amsyn will cither
have to devise a means of satisfying these regulations or face partial or
total closure of their plant — something that would be socially
unacceptable in-an already depressed area,

It 1s against this background that the maragement of Amsyn Ltd have
called a meeung to discuss the situation with the other interested parties,
namely the trade union representatives of the workforce and
representatives of the district council. Each party, although wishing to
find a mutually satsfactory solution, naturally views the problem with
a different set of values, priorities and responsibilities (see Figure 4.4).

The exctuse swatis with o shur i tape/slide programme, which
introduces the_participants to the game scenario. The class is then
divided into three groups (management, trade union representatives and
district council representatives) and each group is given copies of a
! booklet that defines.i Jts role and provides its members with all the
‘[ infutmation they rcqum:. ‘The groups study their respective booklets, and
‘ cach then tries to decide on the course of action it would prefer.

When the participants re-assemble at a manngcmcnbchmrcd meeting,
delegated spohesmen from the three groups present the various proposed
solutions to the problem, after which a general discussion takes place in

|
|

nrfﬂ to sec if a mutually satsfactory compromise can be reached. If, at
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Figure 4.4, Schematic structure of The Amsyn Problem

the end of the allotted time, no agreement has been reached, the
management is required to propose a definite plan, and the other parties
are asked for their reactions.

Like Fluoridation?, The Amsyn Problem allows a complex issue,
involving 4 number of scemingly incompatible technical, economic and
social issues, to be examined from the points of view of the various
interested parties. In this case, however, the object of the exercise is to
produce a generally acceptable compromise solution to a multi-sided
problem rather than to reach a clear-cut decision on a straightforward
‘cither-or’ issue, such situations also lend themseives to treatment using
a radial approach.

ERIC
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Another valuable feature of the exercise is that it places the intrinsic
scientific content n the context of a highly realistic scenario. Thus, the
chemistry is seen to be related to a variety of other disciplines, and it is
shown that what the students might at first suppose to be purely
technical decisions are often influenced by social, economic and even
moral considerations. As a rpsult the basic chemical equations are seen
to have relevance and implitations far beyond the textbook, or even the
laboratory. f

|

PROTEINS AS HUMAN FOOD

Proteins as Human Food (p 168) is an interactive case study designed
spealfically to help science students at upper secondary and lower tertiary
level develop communication, 1nter-personal and decision-making skills.'%*?
It deals with the general topic of protens and the world food shortage and,
although it has its main basis in chemistry, also involves a number of other
disciplines, including biology, nutritional science, economics and
geography. The exercise 1s designed for use by groups of six students and
takes roughly one and a half to two hours to complete.
A problem commonly encountered in group tutorials (even when askilful
tutor is involved and 2 mini-lecture is avoided) is that some students,
possibly through lack of confidence or knowledge, fail to become involved
in the discussion, which 1s often dominated by the tutor and one or two
group members, Thus, the central problem facing the designer of a
communication exercise 1s how to make sure that all the participants are
involved to an approximately equal extent.
In Proteins as Human Food, the approach adopted is to have a group
leader whose only tash is to organize and control the discussion and five
other members each of whom is initially in sole possession of one
component of the information needed by the group if it is to hold a
Jmeaningful discussion on the world protein problem (see Figure 4.5).
Each of the six members of the group 1s given an individual booklet that |
(a) tells him what will happen in the exercise, (b) defines his role in the i
discussion, and (c) provides him with the detailed information specific to |
his role. In this way, each member »as to contribute to the discussion, |
thus helping the more diffident overcome their reluctance to speak. :
The effectivences with which Proteing as Human Food achieves its basic |
design objectives has been determined by means of a systematic evaluation i
involving seven groups (42 students) in three separate eaucational |
establishments (science unde.graduates at the University of Glasgow, |
mature education students at the University of Liverpool and sixth- ‘
formers from a large Scottish comprechensive school). 10,42 This took the |
form of a written assessment involving the completion of pre- and post-
tests by all the students who took part in the exercise, plus an analysis of
tape recordings of several of the discussion sessions. Although the sample
s1ze was too small for rigorous statistical analysis, the written assessment
clearly indicated that the exercise was having some success in achieving

O nious aims, while the analysis of the tape recordings was even more
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Figure 4.5: Schematic structure of Proteins as Human Food

encouraging. These demonstrated quite clearly that all six members of
cach of the groups studied had made a significant contribution to the
discussion, with no individual member spending less than 10 per cent of
the total time communicating.

Clearly, Proteins as Human Food could serve as a useful model for the
development of similar communication exercises in other subject areas.

Composite exercises

Although many manual exercises have relatively straightforward structures
that can be classified simply as ‘linear’ or ‘radial’, many others have rather
more complicated structures, and cinnot be so easily classified. Such
exercises can, however, generally be broken down into a combination of
linear and radial elements, and can therefore be said to have composite
structures. By employing a composite structure, it is possible to produce an
excrcise that has the educational advantages associated with both linear

Q and radial structures,
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Exercises of this type are generally more complicated than those
described so far, and their characteristics are probably best illustrated by
taking a look at specific examples. Three such exercises will be examined.
The first (Polywater) is essentially a linear exercise with some radial
elements built in. The second (Power for Elaskay) is the opposite, namely
a-cadial exercise with some linear clements built in. The third (The Power
Station Game) is considerably more complicated, and cannot be so easily
described (it consists of three parallel linear structures, each with some
radial elements built in, leading into a radial structure which itself gives
rise to a further, completely separate radial structure — see Figure 4.8).

POLYWATER

Polywater (p 167) is an interactive case study designed to help senior
chemstry undergraduates develop library and communication skills.'%*
It is based on the controversy over the existence or otherwise of
‘polywater’ that raged in scientific literature between 1966 and 1973.
(Polywater was believed to be a polymeric form of water created when
steam was condensed in small capillaries. After seven years of intensive
study and debate — and the publication of over 500 scientific papers —
it was realized that the ‘phenomencn’ was a result of impurities partly
produced by leeching of silica from the glass.) The full exercise takes
roughly five or six hours to complete, although a shortened version can
be fitted into a standard three-hour laboratory period if time 1s restricted.
It 1s designed for use by groups of six to eight students, each with its
own tutor.

The structure of Polywater 1s shown schematically in Figure 4.6, which
clearly shows how the radial elements are built into what is essentially a
hinear sequence of acuvities. The exercise begins with a brief introduction
by the tutor and the study of a short introductory booklet by the students.
Each student in the group is then issued with a card that gives one or more
references to carly papers un the polywater phenomenon. The students are
told to Jook these up in the library, read them, and prepare short precis
of their contents. After about 45 minutes, the group re-assembles, and
each student gives a short report on his findings. The group then discusses

_the situation revealed by the early papers, and discusses what further work
could usefully be done on the subject.

Once the discussion has run its course, each student in the group is given
one or more further references to look up, read and precis — this time on
papers published when work on poly-vater was at its height. The students
agan report back to the rest of the group, which then holds a further
discussion of the current state of the research and suggests what further
lines might be pursued.

After completion of this second discussion session, the students are
given a final set of references to study, this time on papers published
when the true nature of the ‘polywater phenomenon’ was being realized.
This 1s followed by 2 third feedback and discussion session, after which
th exercise 1s brought to a conclusion with a short debriefing.
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Figure 4.6 Schematic structure of Polywater
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STUOY OF SEPARATE EAR.Y PAPERS ON
POLYRATER PHENOMENDN BY STUOENTS
WORKING INDINIDUALLY IN LIBRARY

INDIVIOUAL REPORTS, CRITICIS™ OF
FINDINGS AND DISCUSSION OF IMPCICATIONS
SURMAA®ICh OF 1CEAS FOR POSSISLE

FUTUAE RESEARCH

STUOY OF SEPARATE MIDD.E<ERA PAPERS
ON POLYWATER PHENOMENON BY STUDENTS
WORRING INDIVIDUALLY IN L1BRARY

INDIVIQUAL REPORIS, CRITICISK OF
FINDINGS AND DISCUSSION OF IMPLICATIONS,
FORMLATION OF ITEAS FOR POSSIBLE
FOTURE RESEARCH

STUDY OF SEPARATE FINAL-ERA PAPERS
O\ POLYWATER PHENOMENON BY STUCENTS
WORKING INDIVIDUALLY IN (IBRARY

INDIVIQUAL REPORTS, CRITIZISH OF
FINCINGS AND DiSCUSSION OF IMPLICATIONS.
DlgC}SSXOB OF RESSAPCK PROJECT AS A
WL

WORKING GROVPC RECOMRING FOR FINAL
DISCLSSION AND DEBRIEFING BY LECTUPER

Polywater has a number of valuable educational characteristics, serving
not only as a case study on an extremely interesting area of chemical
research and as a vehicle for developing useful library and commumecation
skills, but also as a forceful demonstration that not everything that is
published in learned journals is necessanly correct, it thus shows that the
attitude of a research worker should be one of healthy scepticism rather

than blind belief in the written word.
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POWER FOR ELASKAY

Power for Elaskay (p 139) 1s a sumulated case study on alternative energy
sources.™ ™ It has its main basis in physics, but also draws upon a
number of other disciplines, including economics and geography. The
case study is designed as an integral part of a self-contained stritctured
lesson on alternative energy that can be incorporated into a variety of
courses at upper secondary and lower tertiary level, including science in
society, general studies, physics and enginecering courses. 1t is suitable for
use with a class of up 1o 25, and takes roughly two to three hours to
complete,

The structure of Power for Elaskay i1s shown schemaucally in Figure
4.7. The problem facing its designers was that of:

{a) giving all members of a dass a gcncral appreciation of the basic
technical principles underlying the various alternative sources of
encrgy currently available: ~

(b) enabhng the class to carry out a detailed appraisal of the technical
and economue feasibility of exploiung each of these various sources
of energy:

(c) completing the work in roughly three hours.

Since (¢) Jearly precluded detailed study of all the various sources of
coergy by all members of the class, 1t was decided to adopt the approach
outhined in Figure +.7, and to combine an introductofy lesson on the
bastc principles of alternatve energy with a simulated case study carried
out by the class. The case study involves developing a 50-year rolling
programme for mectung the electnary requiremens of the hypothetical
sland of Elaskay (supposedly located somewhere off the west coast of
Scotland) by exploiting the island’s natural encrgy resources (peat, solar
energy, wind energy, tidal energy and hydro-clectnie power). It combines
detatled sy stemanic study of each of the five possible resources by small
working groups (the lincar clement of the exercise) with a plenary session
in which the various groups report their findings and the class uses these
to develop a viable rolling programme (the radial element). Each member
of the class 1s issued with an introductory sheet describing the swenario
and structure of the case study, together with resource material specific
to the particular form of alternative energy he is tu examine (a project
sheet plus a work shcu 1in which to insert his findings).

Power for Llashay has a number of interesting educational features
that could again be adapted for use 1n other teaching situations. Its use
of five parallel case studies feeding into a plenary session allows the
subject area to be studied both in depth and in breadth, and helps to
foster the development of a wide range of useful skills, including
analy tiwal, decision-making, inter-personal, communication and debating
shills. Lhe various teachers and lecturers who carned out ficld trials of
the vxerase foand the peer teaching that takes place in the plenary session
particularly cffcctive in helping students to gain confidence and
competence in public speaking.

ERIC 61

-




68 GAMES AND SIMULATIONS IN SCIENCE EDUCATION -
. CONVENTIONL FAZE-T0-FACE LESSON
NTROOUCY
INFRO0UCTORY . OR LECTURE ON ACUTERNATIVE ENERGY
Lsson RESOUACES
INTROUCTION INTRODUCTION TO CASE STUDY,
: DIVISION OF C.ASS INTO VORKING
O EXERCISE ROUPS * o
RYORO
e soun uix T ELECTRIC | rEOumICA
pONER 2R PONER PoRtR APPRAISAL - ommntsay, oF
VARIOUS POSSIBLE
. RLTERSATINE
A
S R ATy
COOPERAT IVE
oroUPS

VARIOUS WORKING GROUPS AND
DEVELOPMENT OF ROLLING
PROGRAMME FOR PROOUCTION OF
SUFFICIENT ELECTRICITY 10
MIET ELASKAY'S FUTURE KEEOS

PLENARY
SESSION

oE8RIEFING

Figure 4.7. Schematic structure of Power for Elaskay

THE POWER STATION GAME

v
PRESENTATION OF FINDINGS OF —

The Power Station Game (p 144) is a large-scale simulation game that was
originally developed as a ‘mind-broadening’ exeruse for physics students
of roughly A-level standard. It is based on the hypothesis that a decision
has been reached to build a new 2000 MW power station 1n a certain
(imaginary) area, the object of the game being to decide what type of
station to build (coal, oil or nuclear) and where to site it. The participants
(optimum number 18) are divided into three competing groups, each of
which has to prepare as strong a case as possible for building one parucular
type of station and draw up detailed proposals for their scheme. The three
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Figure 4.8. Schemalic structure of The Power Station Game
8!

teams then present their cases at a pisnary session at which an independent
jury decides which scheme should be adopted, after which the game is
completed by holding a simulated public inquiry into the chosen scheme.
In all, the exercise takes two and a half days to complete.

The structure of ‘The Power Station Game is shown schematically in
igure 4.8, which clearly demonstrates the composite nature of the
exerase. The game falls into five distinct phases, each of which is designed
to achieve a different set of educational aims and objectives. In the first
phase (which precedes the game proper), the participants are given an
introdu ctory buoklet to study at home. This contains a gencral description
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of the electniuty generauon process, and is designed to give them the
background hnowledge needed to play the game effecuvely.

In the secund phase of the game, the students (now divided wto three
competing groups) have to carry out a series of technical caleulavons on
their particular staton, These are designed to show the relevance of physics
t an mportant real-hfe sicuaton, to provide experience of the
mterpretation of realistic data and o give them g feel for handling large
numbers, They imvolve working vut the energy losses at cach stage of the
deneranon process, calaulating the tuel and cooling w ater requirements of
the stauons, and determiming the rates at which waste products are
produced. The calculauans tihe roughly three hours to complete and
consutute the mamn scientitic content of the game.

In the third phase of the game, the three groups have to prepare the
ases for ther respective stations, This involves caleulaung the capital and
runnung costs, choosing the must suitable site and lay -out, and examining
the cases hkely to be made for the two mval stattons with a view to
wenuty ing possible weaknesses, These three tashs are carried out by
working sub groups. which then re-combine so that the groups can draw
up their tinal proposals and decide how best to present them at the
plenary session, This phase of the game is designed to achieve a wide
range ot educatuonal objectives, both cogmuve and atfectve, mclu\img
the culuv ation ot deaision-muhking and inter-personal shills and the
demonstrauon of the need for ettecuve cruss-disaplinary co-operation in
tachling & compheated problem like the design of a power station,

The fourth phase of the game consists of the plenary session at which
the three groups present and detend their cases. Here, the participants can
develop cheir public-speaking and debaung shalls, and also learn
appreciate that real hife problems seldom have dear-cut sulutons (the
game is tuned an such 4 way that equally strong cases can be made out
for all three types of stauon)

T'he final phase of The Power Station Game consists of 4 simulated
publicinquiry at which representatives of the team that had their scheme
adopted have to defend «t aﬁmst the vanous objections inevitably raised
when any myjor industrial development s proposed. 1ty also designed to
help the partiapants develop theu  abhicspeahing and debaung shalts, and
make them aware of the lirge number of sucal, environmental, amenity
and uther tactors which muyt be tahen into consideratuon before o final
deaision can be reached regarding a projeet ke the construction of a
power station, In adehition, 1t designed to make them realize thata
given situation can be viewed in a number of ways, and thus mahe them
reacdier to appreciate the points of view of other people.

Although primuanty 4 physics-hased exerase, the multi-isaiplinary
nature of The Power Stauon Game mahes it suttable for use in a wide
range of educativnal situations. Since s publicaton in 1976, 1t has been
used 4y a4 case study with suence and engineering students in schools,
solleges and universities i all parts of the world,*> ¢! and has also been
extensively used with non science students as a vehide for demonstraung
the soual relevance of suence and technology  (ths can be done by
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missing out the techmical calculations). A simplfied version of the game has
also been developed for use in the Association for Science Education’s
Science in Society course for schools (see p 140). In addition, The

Power Station Game has stimulated the development of a large number

of further science- and engineering-based exercises. % For example, the
great popularity of its public inquiry phase during field trials prompted
three members of the tcam who developed the game to produce a separate
exercise based solely on such a simulated public inquiry,'®® this has

itself since been published in two different formats (see pp 166 and 169),
and has proved extremely successful.

Multi-project exercises

A second group of nianual exercises that cannot be classified simply as
linear or radhal are those contaiming more than vne project. The individual
exercises that make up such multi-project packs can, however, generally
be assigned to one or other of these classes, although some belong to the
class of compuosite exercises just examined.

Mulu-project exercises have two basic characteristics that make them
useful from an educational point of view, First, they allow a single set of
resource materials to be used ina vanety of different teaching sicuations,
the teacher or lecturer being able to seleet the project most suited to his
particular needs. Second, the multi-diseiplinary nature of many excrcises
of this type often allows them to be used in the teaching of more than
one subject. These features will now be illustrated by examining two
speafic mult-project exerases, namely the Central Heating Game and
Hydropower.

CENTRAL HEATING GAME

The Central Heating Game (p 130) 1s a multi-disciplinary multi project
pach based on the general theme of domestic central heating and
insulation.”® Although the pach has s basis in physics, the five projects
included n the pachage can also be used in the teaching of a wide range
of uther subjects (indluding architecture, cconuniics, engineering, home
economics, general studies and science in society) at both upper
secondan and tertuary levels, Each of the five projects takes roughly two
hours to complete,

The Central Heaung Game is a self-contained package containing all
the resource matenials necded to use it with a class of up to 24 people
plus a comprehensive teacher’s guide giving full instructions on how to
run the various projects. The resource material consists of the following

- 24 copies of an introductory booklet enutled ‘General Information
about Central Heating’. This serves as an introduction to all five
projects,

- 12 copies of Bungalow Sheet 1 (which gives detailed architectural

and structural information about the bungalow thatis used asa
O
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basis for the various projects); .
12 copwes of Bungalow Shect 2 (which gives detailed technical data
on the various central heating and insulation systems that can be
used in the bungalow);

- 12 copices of Bungalow Sheet 3 (which gives detailed economic data
on these central heating systems and insulation methods);

- 12 copies each of Project Sheets 1(a), 1(b), 1(c) and 1(d) (which
serve as work shicets for the various stages of Broject 1);

— 12 copies each of Project Sheets 2(a) and Z(M(\vhich serve as
work sheets for the two stages of Project 2);

— 6 copigs of Project Sheet 3;

— 2 copicy of Project Sheet 4;

~ 3 copies of Project Sheet 5.

The logistical principle behind the Central Heating Gamye is the use of
a single set of resource materials (the introductory booklet and three
bungalow sheets) as the basis of five different projects, each of which deals
with the general theme of domesuc central heating, but enables a different
aspect of the subject to be examined. ‘The way in which this 1s done will
now be illustrated by describing the five projects briefly,

Projece 1. This project (which has already been examined in detail in
the section on linear exercises) is a progressive technical case study that
effectively involves using the data in Bungalow Sheet 1 to derive that in
Bungalow Sheet 2. It 1s designed for use in the teaching of physics,
engincering, architecture, home economics and science in society.

Project 2, This is also a progressive case study, dealing with the
economuc aspects of central heating and insulation, 1t involves using the
data in Bungalow Sheet 2 to derive that in Bungalow Sheet 3. The project
1s designed for use in the teaching of economics, general studies and
science in society. As in Project 1, the class works singly or in pairs.

Project 3. This is an evaluative case study that involves using the
informanon and data given in the introductory booklet and bungalow
sheets as a basis for (a) choosing the most suitable central heating system
for the house and (b) appraising the cost effectiveness of the different
insulation measures. 1t 1s designed for use in the teaching of home
ccononucs, econonucs, general studies, architecture and science 1n svciety.
The students wotk in small co-operative groups, each containing four to
six people.

Project 4, This 1s a role-playing exeraise simulating consumer research
carried out by two separate groups, each comprising half the class. Each
group s igsued with copies of all the resource material, and has the task
of questoning a ‘householder’ (assumed to be the owner of the bungalow)
in order to determine the central heating system best swited to his or her
particular requirements. The project 1s designed for use in the teaching of
home economics, economics, general studies and science in society.

Project 5 This 15 a simulation game in which three competing groups
(each comprising one third of the class) try to persuade the managing
director of a bwlding firm to use a ceneral heating system based on therr
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particular fuel (solid fucl, vil or electricity) in a new housing estate. The
three groups are agmn given copies of all the resource materias. The
project 1s designed for use in the teaching of home economics, econonucs,
architecture, general studies and scienee in society.

The above descriptions illustrate the versaulity and flexibility of the
nwlti-project pack format. Suppose, for example, that a teacher wished
to use the pack 1n a science insociety-ty pe course, Such a teacher would
have the chuice of getting hus pupils to carry vut five completely different
types of exercise, namely:

1. A deuailed technial case study, involving physics-based calculations.
2. A detailed economic case study, again involving calculations.
3.. A comparative case study involving no calculations.
4. Ar le-playing exercise simulating consumer research,
A hyghly competive Power Station Game-ty pe sumulation game,

HYDROPOWER

Hydropower (p 134) 15 another mulu disciphinary mulu-project pack, this
tume dealing with the theme of hy droclectric pumped storage (the system
whereby electriaty surplus to requirements Juning umes of low demand
15 used to pump water from a low-Tevel to a high-level reseevorr, thus
cffectnely “sturing’ the clectriany for later use dunng times of high
demand). Like the Central Heating Game, 1t has its main basis in phy sics,
but 1t can be used in the teaching of'a wide range of other subjects
(ucludinyg geography, madern studits, saence in socety, engineering

and ecunomics) at both upper secondary and tertiary fevels. The projects
vary in length from one to thice hours,

Hydropower had 1ts onigins in the Hydropower 77 interschool
competiton run by the Nurth of Scotland Hydro-Electnie Board in
1976-77%™%% {see Chaprer 2). Tlus was based vn an extended mala-
disaiplinary design study in which zeams of semor pupils had to exanune
six different potential sites fora 1000 MW hy dro-clectric pumped storage
scheme, carny out technical and economie apprasals of the vanous
pussible schemies, and select the one they felt was the most pronusing,
taking account of all relevant technical, economie, rographical,
environmental and amemey factors. .

While developing the seensno for Hy dropower 77, the project authors
realized that it would make an excellent source of in<depth case studies

. wels and o2 o af
far use in schools and calleges 2t 2 vanery of levels and o a vaniety of

disciplines. The competition project was ‘therefore converted into a multi
project pach cuntaiming six basic projects of different ty pes. This was done
by breahing the vnginal project down intw its constituent stages and
prepanng a hierarchy of resource nuaterials (maps and data sheets) giving
the resvits obtamed at the end of each stage. These maps and data sheets,
together with vanous 1items of introductory material, were thgn used as
the basis of the individual projeces, & given item sametumes serving as
nitial resource matenal and sumetimes as debnefing materal, depending
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on the nawre of the project.

Ahst of the resource matenals contained in the Hydropower package i
and.a brief descnption of each of the six projects are given below, while the
relationship between the individual projects and the hicrarchy of resource
materials is shown schematically in Figure 4.9.

List of rvsource materials

[

12 copies of an introductory leaflet entitled ‘Background

Information about Hydro-Electric Pumped Storage’.

=~ 3 copies cach of four leaflets describing the North of Scotland
Hydro-Eiectric Board's pumped storage schemes at Cruachan and
Foyers and the Central Electricity Generating Board’s schemes at
Ffestiniog and Dinorwic in North Wales.

~ 6 copies each of three general maps of the area on which the
scenario is based (showing general topography and communications,
existing hydro-clectric developments and land use).

~ 2 copies cach of Site Maps 1a to 6a, giving detailed geographical
information about each of the 6 possible pumped storage sites.
6 copies cach of Site Maps 1b to 6b, giving the same information as
in Site Maps 1a tg 6a plus detailed descriptions of the lay-outs of
the schemes envisaged for the sites.
6 copies of Data Sheet 1, giving the basic design parameters of the
schemes envisaged for the 6 sites. .

- 6 copies of Data Sheet 2, giving detaled information about the
dimensions of all undcrground worhings for the various schemes.

- 6 copres of Data Sheet 3, giving a dctallcd capual cost breakdown
for each of the various schenes.

- 6 cupies of Data Sheet 4, giving a breakdown of present and hl\cly
future operating costs for the schemes.

- 6 copies of Data Sheet §, giving cunulative operating costs and an
overall economic comparison of the various schemes,

- 6 copies each of Project Sheets 1 to 6 (which describe the work
of the 6 projects). .

- a teacher’s guide, giving detailed instructions on how to run the

virious projects, plus suggestions as to how they could be used as

a jumping-off point for further work. .

Descmptivn of Project I This project is intended primanly for use waith
geography students, warking cither singly or (preferably ) in small
co-operative groups. It consists of a set of six design studies in which the
geography of cach of the six sites has to be examined with a view to
determinming the oprunum lay-out and basig design parameters for a
pumped storage scheme based on that sit(S

Description of Project 2. This project is designed for use with
geography, mudern studies or science in society students, again worhing
aitheralone or in small co-operative groups. Each group 1s ssued with a
complete set of resvurce mazenals (except for Data Sheet §), and has to
use the mfuﬁ,m.mun wntaned therein to carry vut & comparative apprasal

€
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Description of Project 3 This project, which i intended for use with
modern studies or saence in souety dasses, s a role-playing cxercise
destgned to highhight the conflice between technical and economie factors
on the one hand and environmental and amenty considerat.ons on the
other that can arise in planning a major de* <lopment such 2 pumped
storage scheme. The class 1s divided into two competing groups, one of
which has to pick the best scheme purely on techmeal and ecenonic
grounds, while the other has to deude which would be least harmitul from
an environmental and amenity point of view (the exercise has been
designed 1n such a way that the two groups should ulways pick different
schemes). A debate between the two groups then follows.

Descrperon of Project 4. This project is primarily designed for use with
cconomics students, working either singly or in small co-operauve groups.

~Like Project 1, 1t consists of a set of six case studies in which the capital
and operatng costs of cach of the six possible schemes have to be
deter nuned.

Descnption of Project 5, This project, which 1s again primarily
designed for use with economics students, 15 a crincal comparative study
that 1nvolves deternuning the best scheme from 4 purely economic point
of view, Like the previous project, the students ean erther work on their
own or as small co-operative groups.

Descnption of Project 6. "This, the longest project in the pack, consists
of six extended design studies in which (a) the basic design parameters
and (b) the dimensions of the underground workings have to be
deternuned for the six possible schemes. kach case study s divided into
two sections in such a way that a class can either tackle both sections
end on or limit work to one or the other. The project is designed for use
with physics or engineering students, again working eicher singly or in
snull co-operatve groups, ‘

. Hydropower 1s a good example of the way in which a highly complex
and demanding mulu-disciplinary case study can, by use of the muln-
project structure, be brohen down into smaller projects suitable for use
in the teaching of the vanous a.ademic subjects on which the case study
is based. Like the Central Heanng Game, 1t also shows how a wide range
of different projects can be based on a common set of resource materials.

ERIC ‘!

Aruitoxt provided by Eic:




\\‘
Chaprer §° \

Computer-babed exercises

Apart from jts vbvious role &s a *supercalculator®, there are two basic ways
in which the computer can contribute to the teaching/learning process,
namely as a tutorsal teachng machine and as a laboratory-substitute.

In the "tutor’ mode, the student interacts with the computer, which is
programmed to react to responses to questions that it sets, This style of
learning 15 directly descended from the programmed instruction movement
of the 1950s and 1960s. Itis essenually simular to branching programmed |
learning, but 1s capable of being much more sophisticated than the latter
because of the greater flexibilicy and data handling capacity of computers
compared with teaching machines or programmed texts.

In the 'laboratory’ mode, the computer 1s essenuially a learning resource
rather than a direct tecching device. Basically, 1t simulates a laboratory
situation, being used w model experiments, provide data bases, set
problem-solving exerases, and su on. Using the computer, students can,
for example, find out what happens to physical, chemical, biological or
industrial systems under varying conditons that they themselves spealfy,
thus providing much greater flexibility than would ever be pracucable in
a conventional laboratory.

The computer ¢an, of course, also be used 1n a combination of these
two basic roles, and many of the most useful computer-assisted learning
exeruses do n fact mcorporate both furms of usage. The five ‘laboratory’
stmulations described in this chapeer, for example, all have a certain
amount cf 'tutonal’ element 1n their structure.

In Britan, a five-year government-funded National Development
Programme in Computer Assisted Learning (NDPCAL) was completed 1in
1977 at a cost of around £2.5 nullion.* The programme consisted of
over 30 separate projects, covering & wide range of disciplines. Many of the
projects imvelved several colleges and universities working co-operatively.
| The suence-based projects generated material i in _both.the wror and the
| laboratory modes.
| In this chapter, we will consider sume of the laboratory mode exercises,
| since these have the Josest links with the gaming/simulauon/case study
ficld. To date, their main use has been in the development of higher
cogniuve skills, including problem-solving and decision-making skills,
Another reason for concentrating on the laboratory side of computer-
assisted learning 1s that this may well be the area in which much of the
most important future development takes place. The role of the computer
in education has yet to be firmly established, and 1t seems doubtful that

O Outerassisied learming will ever flourish if 1t 1s seen merely as an
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expenmsive alternative to the Jussroom teacher. It 1t s o become an
established weapon mout cducational armoury, 1ts vital that we idenufy
and investigate uses to w hich the computer 15 umiquely suited, The
computerized laboratory simulation certainly seens to be one such area,

In the past, two 1mportant restrictions on the widespread use of
computers in education have been the problems of non-availability of
hardware and lack of transterabulity of software. .\ turther constramnt on
the use ot some computer simulations has been the necessity t have o
video display unit available. The vanous hardware problems are now being
greatly reduced by the advent ot cheap, portable and casy-to-use
microcomputers, which will no doubt encourage much more widespread
adoption of computers into the curricula of schouols, colleges und
umiversities, The software problem s also becoming progressively less
sertous since many ot the software pachages that have been produced in
recent years are generally available, and the dcsngngrs are usually only too
willing to give advice regarding their use and apphcability.

As mentioned in Chaprer 2, areas in which coniputer simulations could
mahe @ particularly valuable contribution to suence education include the
tollowing

situations where a conventional experiment is either extremely
ditticult or impossible,

situativns where experimental apparatus 1s either not readily
avatlable ur too wmplicated or expensive for general laboratory
uses

sitwations where actual experimental work could be dangerous, or
would cause unnecessary suftering,

situations where 4 conventional experiment would take an
unacceptably long unte to complete.

One further way 1 which the computer can be used in science-based
simulation exeruses 15 in the role of the ‘manager’ of the exercise. Here,
the computer direc s the sequence of work and carnes out most of the
heavy wiliulauons, leaving the students free to make the various decisions
that the exeraise mvolies in the course of conventonal group discussions.,

Speufic examples of the application uf computers to each of the above
areas will now be exanundd, although it should be realized that there can,
in practice, be eonsiderable vverlap between the vanious wategonies hsted.

Situations where a conventiona. experiment is cither
extremely difficult or impossible (Satellite Motion)

An evample of this type of computer simulation s Satellite Motion
(p 142) - a physits-based exeruise produced as part of the Computers in
the Undergraduate Science Curricujum (CUSC) Project in the National
Development Programme. The program simulates the mouon of a
satellite launched from the carth’s surface,

In the first part of the exerase, the student seledts the angular
momentum of the satellite, and the resultant plots of gravitanonal
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potential energy and orbital kinetic energy as functions of radial position
are displayed on the screen of a graphics terminal. The computer then
calculates and displays the corresponding orbit. Figure 5.1 shows the
energy levels and the resulting elliptical orbits for a specified angular
momentum of the satellite. This part of the program is intended to
increase the student’s understanding of the relationship between the
angular momentum and energy of a satellite and the shape of the resulting
orbit.

Figure 5.1. The energy diagram for a satellite with an angular momentum of
two ‘units’ showing the different energy levels corresponding to three elliptical
orbits (Satellite Motian).

The second part of the exercise simulates the trajectory of a satellite
launched from the earth, and allows the user to change the velocity of the
- satellite after half an orbit has been traced out. The student is encouraged
to try avanety of different manoeuvres, such as transferring the satellite
to a higher or lower circular orbit (Hohmann transfer), or making it
escape from the earth’s gravitational ficld, as shown in Figure 5.2
. It 1s also possible to extend the scope of the exercise to include, for
| example, the effect of the solar wind on the satellite’s motion, or to
[ consider the ‘threc-body problem’ that results from taking account of the
|
|
|
)

moon'’s gravitational field as well as that of the earth.

This package simulates an experiment which it would never be
practicable to perform in real-life. It is an excellent example of the way
in which the computer can be used to model inaccessible physical
situations, thus allowing students to gain an insight which would be
hard to achicve using more conventional mc\hods such as manual
calculations.

Aruitoxt provided by Eic: ]




- o ﬁ_l

80 " GAMES AND SIMULATIONS IN SCIENCE EDUCATION i

Figure 5.2: Energy diagrams showing the successive orbits of a satellite that
eventually escapes from the earth’s gravitational field (Satellite Motion).

Situations where experimental apparatus is either not readily
available or too complicated or expensive (HABER)

Many scientific experiments are not carried out in school or college
laboratories because of the complexity of equipment required or the
intrinsic difficulty of achieving the desired experimental conditions.
Examples include experiments in nuclear and particle physics and many
industrial processes,

For example, the Haber Process (an industrial chemical process used to
convert nitrogen and hydrogen into ammonia) 1s extremely difficult to
carry out on a laboratory scale due to the high pressures involved. HABER
(p 161) is a computer simulation which uses a mathematical model of the
process. It is designed to help stud. uts discover the effects of altering
various conditions (temperature, pressure, catalyst and reactant
cuncentration ratios) on the course of the reaction. The package, which
was produced as part of the Chelsea Science Simulation Project, is
designed for use at senior secondary and lower tertiary levels. It comes
in the form of A4 teacher and student booklets. The two-part computer
program is in BASIC, and is designed to run on most commonly used ;
computer systems.

Investigation 1 looks at the effect of varying temperature, pressure and
the initial molar ratio of hydrogen to nitrogen on the percentage yield
of ammonia (ie thermody wami. factors). The student booklet describes
the prior knowledge thatis required in order to carry out the exercise

X effectively. When interacung with the cumputer, the students enter simple
(S
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rephies to the computer's questions. Figure 5.3 shows a sample print-out,
with the user’s wmputs underhned.

Students follow up this first part of the exercise by carrying out a
detatled study of the Haber industrial process, with the information gained
from the program being used to answer further questions set in the student
booklet.

WHICM FARARETER DO YOU WISH 10 VARY
1Yt 1. FOR HIN KATlD
S FOR TER' ERATURE
$. FOR FRESSURE ’ 2 NB: This mears

H:N = 332
WHAT 1S THE VALUEL FOR THE CONSTANT nOLAR RATI10 ’ _3_/
WHAT IS THE VALUF FOR THE INITIAL TEMFERATURE (RELVINS) ? 400
BY HOM HUCH DOES THE TEMFERATURE INCREASE WITH EACM STEF 7 30
WHAT 1% THE VALUE FOR THE CONSTANT PRESSURE  (ATMOS) * 300

CUNBITIONS FOR THE STAULATION
ROLAR RATTC (b ¢
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3 ) FAHL b GEAR
Figure 5.3 Sample print-out from Investigation I of HABLR program

Investigation 2 looks at the effect ot varying temperature, pressure and
catalyst on the rate of attaiming chemical equiibrium (ie kwerte factors).
Again the basic pre-knowledge required is detailed.in the student
booklet, Figure 5.4 shows a sample print-out from this part of the
prugram, the user’s responses tw the questions agun being underlined.
I'he student condudes the exercise by answering further questions
listed in the student booklet. |
|
\
|
|

Situations where actual experimental work could be
dangerous, or would cause suffering (DYE)

If there 1s a senvus risk of accident or health hazard associated with an
experiment (when working with explosive, highly radioactive or
extremely toxic substances, for example), or when the subject of the
experiment (human or ammal) might undergo undue suffering, a
G mputer simulation has obvious advantages.
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WHICH CATAL YST .
" 1. NONE .
| 2. OSHIUH

1. TUNGSTEN

4. MULYEDENUM

<. IRON

& . MANGANESE DIOXIDF »

lea

|
i
IWHAT 16 THE TEMPERATUKE (KRELVINS) * 700

WHAT IS THE FRESSURE (ATHUS) ~* 300

INFUT TIME INTERVAlL RETWEEN READINGS (SECONDS) ? ,001

T1ME % YIELD OF AMHONTA
(SECS)  WITH IRON CATALYST
0 0
L001 21.5
i .o02 29.6
w003 2.2
004 33

CONTINUE * YES

SAME INTERVAL ? YESG

LGO% 33.2
I 006 33.3
.. 007 13.3
'.008 33.3
. 009 33.3

CONTINUE ? NO

Figure 5.4, Sample print-out from Investigation 2 of HABLR program

An example of this ty pe of simulation 1s the biology -based program
DYE (p 182) from the Computersin the Undergraduate Science
Curriculum Project. This 1s used to teach the principles involved in the
indicator dilunon method for measuring cardiac output.

The use uf 4 computer simulation for presentation of this topic
completely eliminates the danger to human or animal life that would be
associated with an actual experiment. The user selects the amount of
indicatur dye to be injected into 4 vein, and also how frequently bloud
samples are to be collected from an artery. The program displays the dye
¢oncentration in these samples as a function of time, and a moveable
cursor can then be used tv determine the area under the graph and hence
the cardiac output. Figure 5.5 shows a typical display on the graphics
terminal. In this case, the user decided to sample every second. Using
the moveable cursor, the co-ordinates of some of the puints have been
prnted out, along with the logarithm of the y co-ordinates.

It 1s also possible to use the package to become familiar with the
standard technique for correcting the dye recirculation, by plotting
values of the logarithm of the concentranon against ume, First, the
program sets the cardiac output at a random value between pre-defined
limuts. The user 1s then invited to input an estimate of cardiac output,




E

Figure 5.5: Graphics display for cardiac output determination (DYE)

and, if this is within § per cent of the set value, he may proceed to the
second part of the program. This allows variation (within limits) of some
of the factors which alter the form of the dye dilution curve (see
Figure 5.6). These factors include such things as the size of the heart, the
volume of the arculation, and the rate of dye injection. The dye dilution
‘curve for parucular values of cardiac output specified by the user can
also be displayed.

A further advantage of this particular simulation is that the user has
far greater control uver the vartables involved than would ever be the case
in an actual experiment,

Situations where a conventional experiment would take
an unacceptably long time to complete (OPERON)

In eaperiments wath large time scales (such as investigations into
population dynamics or work with long-hved radioactive materials), the
time span can be reduced to manageable proportions by using a computer
simulation. .

An example from the Computers in the Undergraduate Science
Curriculum Progect 1s the biology-based simulation OPERON (p 186)
which looks at the induction of gene activity. In this exercise, the
Jacob-Monod model of genetie inducuion is introduced, and is developed
by means of three options available to the user:

1. Using a single (pre-defined) bacterial strain. Here, the user selects

(arbitrarily) one stran from 12 available, and assays this for
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Figure 5.6: Grapbics display for dye dilution curve (DYE)
enzymic activity cither with or without the inducer. Sampling time,
total assay time, and time of introduction of the inducer can be
varied by the user.

2. Two strains of bacteria are selected, one as donor and the second as
recipient. A ‘genetic cross’ is made, to construct a heterogenote,
and enzymic activity is again assayed.

3. Users are invited to create their own bacterial strain, by specifying

- both the order of the genes ‘within the operon and the content of
the genes. Figure 5.7 shows a teletypewriter output for this part of
the program. The user defines the gene order and the content of
the sites in a bacterial strain, then assays for enzyme activity.

When choosing the desired option, there is an opportunity to type a

‘Help’ code which prints out a partial characteristic of each of the

12 available strains and gives hints on how to choose the donor and
recipient strains. There are seven classes of results (with two strains), and
there is an option to allow the ‘assay’ of cross-reacting material produced
by nwutant structural genes. )

The OPERON package allows the user to combine genetic elements

at will. Such an option is not usually available to students because of
technical and time constraints,

ERIC. . -
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IF YOU REQUIRE HELP THEN TYPE 999 AFTER THE REQUEST

YOU CAN
1) ANALYSE A SINGLE DEFINED STRAIN
2) CROSS TOGETHER TVO DEFINED STRAINS AND ANALYSE
THE RESULTING HETEROGENOTE
OR
3) CREATE YOUR OW HETEROGENOTE AND ANALYSE THAT

WICH OPTION (1,2 OR 3 1 3

KEEP A RECORD OF YOUR INPUTS

‘ GENE ORDER .

L zee0e-t 2) 1=-0--z  ZaSTRUCTURAL SITE

P2 0--z--t A) 1--z--0  O=OPERATOR SITE
5 0O--l--Z $) 2--1--0  IREGULATORY SITE

WHICH ORDER A) DONOR T 2 B) RECIPIENT ? 1
CONTENTS OF THE SITES

TYPE INTEGERS

ABSENTe3 1 FUNCTIONALe]

MUTANT (NON FUNCTIONAL)=2

MUTANT ( SUPER-REPRESSOR)»3 see REGULATORY SITE ONLY

STRUCTURAL SITE

A) DONOR ? 1 B) RECIPIENT 1 )
OPERATOR SITE

A) DONOR ? 1 B) RECIPIENT 1 |
REGULATORY SITE-

A) DONOR ? 3 B) RECIPLENT ? |

TOTAL TIME OF ENZYHE ASSAY
(1===>183 MINS) ?
. © ANS BETVEEN SAMPLES
. (1---»68 HINS) ? 12
D0 YOU YANT THE INDUCER ‘
CTYPE 1 FOR YES 2 FORNOY ? 1

, AT VHAT TIME DO YOU VANT TME INDUCER
L<FROM 1 TO 189 “INS) 1 15

TIME RATE OF ENIYME
(MINS? PRODUCTLION
' ['] Q -
X 12 e .
; 24 Je b
. 6 8.4
a8 10
. &8 1¢9
L 12 &S
- 1 34 2.3
! 96 15
’ 108 36 . ’
! 129 49

| INDUCER ADDED AFTER 15 MINS

: WHIcd IPTIO4 (1,2 OR D) *

Figure 5.7 Ielelypewnm output from OPERON
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\
Computer-managed simulations (The Alkali Industry) '

Although byt the most common tunction that omputers tulfil m the |
o osimudanon field 1s that of ananterscune teaching resourcee (as in the |
P oenamples deseribed so tan), they have also vecastonally been used in a |
Omnnagertal role. Here, the computer is used to direc t the sequence of
work (and arey out most of the heavy ailealatons) i what was organally
‘a munual simulation or case study ® .
One problem otten expenenced by designers and users of ndustrial
simulations 1s that such excruses generalls have to be greatly samplitied l
i order to eaable them to Bt ingo the relatnely short pertods of ume
aulable tor thewr completion. This snaphification van, 0 eatreme wases,
ruly the simulaton ot much of 13s realism and viahity. In order to altow
s(uﬁ\cn(s more tine tor group discussion and deuiston making, computeneed
versions ot number of exeruses ot this 1y pe have now been produced. In
lhcscx the prublent ot over-simphticanon need not anse, sinee the
computer can tahe over the main catealavon burden.

An example of an eacrase that has been converted i this way s
the Al Indastry (p 173) which was onginally developed in the
University ot Glasgow as & muanudl simulation, The eae” iseas based on
Jeexplintation of gty potheteal hind of salt deposits, supposedly loated
m the seprtsh county ot Dumfries.

The amuunt ot caloulation orygnally needed to form the basis of the
decision mahing process tended to obseure the maun purpose of the
exeruse, even at first Y car undergraduate lovel. By adapung the exeruse
tu the computer, however, it has been pussible not only o vvertome this
sherent difficalny, but also to saale the sumutation down, while sull
retaimng 1ts essential realism, Thas has alowed it to be used successfully
with secondary school pupils aged 15 and over,

The compitenized simulation has more ot less the same strecture s the
argnnal, and also has the same baste edacatonal s, The progeam is
woittenin Fatgnded BasIC and consists ot sex sub-programs, The enure
exerene trhes yround three hours to complete,

During the coune ot the simulation, the students make a series ot
decisions based on the assumpuion that the salt wall be used to produce
sodhum darbonate and related compounds. Farst, they choose aosite tor the
pro-posed plant, then deade won the besis ot known demuands tor sodium
airboiate, sodium hy drovide and chlorme extrapolated w the year 2000)
when construcuon work should stare.

Fhese tashs were organally done manually but, i the computenzed
verston, they are impleted using sub-program 1. This predicts demands
tor The three commuodities tor ans Lear up o 2000, and abso caleulates
the runtmun capaaty that the students’ plant should have i that year.

For the purpose ot the semulation, 1tis assumed that there are two
pussibile processes whereby the reqaired prodacts may be manufactured,
namels the Suloay and Castnor Rellier processes, Sub-program 2 enables
the capital vosts ot plants of ditterent capacity to be caleulated tor the

\
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two processes, both fur new ‘greenfield’ sites and for sites that have
already been developed.

Having custed the propused plant, matenal custs are now caleulated.
This pagt of the exercise 1s not computerized, since it was fele that the
students would gain more by working out these costs for themselves,

, At the end of this secton, the students are expected to have calcultated

}' the total profit using huth the Sulvay and the Castner-Kellner processes)
| on the sale of one tonne of sodium carbonate and 1s marketable

’ by-products.

) Next, the students have to decide on the best method of production

| by drawing up cash-flow diagrams, Data are fed into the computer, whose
| vutput comes i the form of two columns headed *Year* and “Total
Profit’. This information 1s then converted into a cash-flow graph by

the students.

Sub-program 4 atluns the upuion uf a plot plant beng built before the
mujur plant, thus enabling the effect uf this on the cash-flow diagram to
be invesugated.

Sub programs 5 and 6 desanibe two refinements which have been added
to the ominal contentot the exerase, Having produced an optimum
wish flow duagram, students can use sub program 5 to cost the same plant
un the bases of the figures for 1969, They can therefore mvestigate the
financial cons. quences of making the same deasions in that year, This
enables the students tusee that 4 combination of inflavon and rapaudly
nswg energy costs have résulted in a relause shitt i profitabihiey from
the Castner-Kellner process to the Solvay process vver the intervening
pentod.

One of the mayor alkali productivn processes now used in Britings the
drapbragm (el process whidt overconies the mercury pollution problens
assouated with the Camer Kellner process. Sub program 6 allows students
tomorhk vut the cost ot a duphragm cell plant of known capacity, and
also to caleulate the associated material costs,

The exerase concludes with g general discusston secuon, covering the
effects of the students’ deasions on the environment, employ ment, and
profit. .\ halance has then to be found between these conflicting factors.

A comparatve ey aluation has shown that students seem o prefer the
computerized versionof The Atkali Industny to the vnginal manual
version, No seriods Jdithivulues have been encountered in connection
with the use of telety pe computer teeminals, and the exerase has now
been successfully used with a wide range of students - from chemistry
undergraduates Jon n o 15y eqgdld schoolehildren, It could serve as a
useful paradigm for simular conversion ot other exercises,

>
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Selecting, adapting and using existing
exercises

Havinig established why sacnce-based games, smulatyns and case studies
are educatwonally useful and exanuned the different types of exercise, we
shall now turn to a number of more practical topics. This chapter will
deal with the range of matenials currently generally available, suggesting
how exercises can be selected for speafic educational purposes and, if
not exactly suttable 1n ther onginal form, adapred ro meet the exact

‘ can be used to best effectin teaching. Chapter 7 will show how teachers
and lecturs can design thewr own games, simulanons and case studaes if
what they wantis not already available. Finally, Chapter 8 will discuss
the evaluation of gaming and simulation materials.

s

Selecting exercises for specific purposes

When selecung a science-based game, simulation or case study for a
particular educanonal purpose, 1t 1s necessary to ask oneself a number
of bastc questions. Many of these may seem obvious, especially to readers
= whohave some fanuharity wath the medum, but it is felt necessary to
spell them out in detail because of the importance of correct selection in
ensunng that intended educational outcomes are in fact properly
= achieved.

The selection process can be conveniently dwided into three stages,
the first of whach 1s the determmation of the broad purpuse for which
the excraise 1s to be used. This can be done using the algorithm given
in Figure 6.1, which 1s, we hope, self-explanatory.

The second stage of the selection process is the identification of
exercises that might be suitable for the purpose in mind. This can be
done by using the hists (in Figures 6.2 to 6.6) tw which the potental user
1s directed by the algorithm or, in some cases, by carrying out a
systematicsearch through the appropriate section of Part 2.

The third and final stage involves examiming the various possible
exeruses wenufied in the second stage in order to determine which (if
any ) is best suted to fulfil the specific role the potenual user has in nuad.
I'his can be done by refernng to the data sheets contained in Part 2,
which proude detailed information about all commercally (or otherwise
generally ) available scienve-based exercises known to the authors at the
time of wnung.
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Naune of exerche Forniat Age range for which exercise is suitable Page
* 12113114 15116017]18119]20]21]22
Safety Snakes and Ladders Board 197
Lab Apparatus Card 198
Ciecuntron Board 131
389s5uence (oncepts Card 198
L.nergy for the buture ! Manual 158
% Isotopes . Manual 162 3
kaergy  Past, Present '
and Futute Manual 158
Science Sense Board 199 !
Graviational Pields (omputer 134
The Heetnie Cireunt Board 143
Encrgy Converaons Board 132 .
T'he Lnergy Problem Manuai 174 .
Physics Crosswords Manual 138 .
Planctary Mouon Computer 139
kkofish — Onc of a A Manual 193
Altemnatuve Fnergy Project Manual 129
Power Station Project Manuat 140
Central Heaung Project Manual 131
‘The Solar Systeny Board 144
Keeping Watm Board 136 '
Radsosctive Decay Computer 141
Ivotopes i Qur_Laves Manual 162
Photoelectric titect Computer 138
Capacaitor Discharge Computer 129
Gascous },‘i(l’usnun Computer 133
Central Heaung Game Manual 130
Power for Elaskay Manual 139
The Power Station Gane Manual 144
» SCATTER Computer 142
INIERP C omputer 135
NEWTON Computer 137
Hydropower Manual 134
Mass Spectrometer Computer 136
Free § all wath Air Resistance Gomputer 133
Satellite Mouen (omputer 142
klow Through a Nozzle Coniputer N IREX]
Partcle in a Potential Well Computer 166
RANDOM Computer 170
PBARR Computer 137
= 3134 Computer 141
PWELL Computer 14

Fagure J._’ Fxercises sustable for use in teaching physics
'

LRIC 84

Aruitoxt provided by Eic:




92 GAMES AND SIMULATIONS IN SCIENCE EDUCATION .
. .
‘ Name of exercise Format Age range for which excrcise is suitable Page
12113114115116]27118119] 208 21122
Safety Snakes and Laddars Board | 197
. Formulon Card 159
Elements Board 157
) 1ab Apparatuy’ Cud - 195
Vitanuns Card T 192
Mole Bingo Manual e 165
lositcs Card ! 162
Chemunoes Card 150
Compounds Card 154
Element Cards Card 156
Choosing an Anaesthetic Manual 153
Elements in the Earth Manual R 157
Encrgf tor the Future Manual 158
fsotopes Manual 162
Magnesium from the Sea Mznual ! 164
A Feruliser to Order Manual 145
A Problem for the Chennst Manual 145
Chem Cubes klements Manual 148
Chem Chex Board 147
Chem Trak Board 152
Chem Bingo Manual 147
Chemicat Fambhes Board 149
»  JChemutry 1 Our § aves Manual ’ 151
Choose a Fabre Manuat REL
. Contact with Livaner Air Maaual 155
Compeution Among the Metals | Board 154 .
Dis-solving a Probleam Manual 155
Encrgy - Past Present
and Future Manual 158
Focus on Lead Manuzt 158
From Viable to Invisible Munual 160
Link Up Board 163
Mole Poker Card 165
Metals at Work Manual 165
Polar ot lome? Manual 167
Properties andSubstances Card 168
Solubility and Successful
Separations  * Manual 172
Science Sense Board 199
The Feruliser Problem Manual 174
Tthe PVC Story Manual 176
The Sulphurnic Acid Story Manual 176
Whatsan Explosive? Manual 178
The Young Chemist Board 177
Reaction Chenustry’s .
Alphaber Board 171
Chemucal Crosswords Manudl 148 .
The Fnergy Problem Manual 174
Rates of Reaction Computer 170
The Manufacture of
Sulthunc Aud  » Computer 175
Ekofisk ~ One of 4 hind Manual 193
Figuve 6.3: Exercises sustable for use i teaching chemstry .
4
W
)
o .
|
.



SELECTING, ADAPTING AND USING EXISTING EXERCISES 93

Name of Baercie lormat Age range for which exercise 15 suitable Page
2ufishisfiel17]isl19l20]21]22
The Protein Problem Manual 175
Take Your Chowe Manual 172
Case Studns 1 Chenneal
L ngineenny Manual 146
Chemintny Caxe Studies Manual 150
Isotopes in Vut Laves Manual 162
Public Inquiry Progect fanual 109
Chemical t lenment Game Computer 149
Dencal Health Project Manual 193
tlectrochermcal Cells Conputer N 156
Homogencous Equihibaun: Computer 161
Gas Chromatography Computer 160
tattce bnergny Computer 163
HABFR ¢ omputer 16t
RAINE Computer 171
Point Felds Manual 166
The Akl Induseny Compuecr 173
Huondanon? Manual 194
Proteins as Human | ood Manual v j1e8
Chentsva Card 151
What tHappens When 1he Gas
Rans Out? Manugal 177
The Amswn Problem Manual 173
Parucle 1n 3 Potencial Well Computer 166
RANDOM Compurer B 170
Batch or I tow Manual 146
PBARR Computer 137
PSTEP Compurer 141
PWwitl Compuater 141
Polywater Manual 167

Figure 6.3 (contnued)
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94 GAMES AND SIMULATIONS IN SCIENCE EDUCATION
Name of Fxerioe Format Age aunge for which excecise 1s suitable Puge
120 13141 45116 {1711819] 20] 21722

Safety Snakes and Ladders Board 197
Spave (olony Board 199
Lab Apparatws Card 195
Vitamins Card i92
38915aence Loncepty Card 198
Geolopie Time Chart Game Board 195
Hunun Fnerpy | xpenditure Compurer 183 |
The Air About Us

(The Bdloon Rawey Board 200
The Water Cyile Board 200
The Great Blood Rac Board 190 !
Classification Board 180 ‘
{nv aston ¢ Macrobess Board 184
Saence Senwe Board 199
transport in Plants Board 191
Broloyy Croswords Manuai \ 178
INHERIT ANt Computer 184
TRANSPIR \FTON Computer 191
Fhe Dead Ruver \tanual 189
Breakdown  a Ingastion

Gume Board : - 179
Nutation Board 186
Lhe Protein Prabiom Manual 175
L ountery ureent Systenn € omputer 181
Pond beotogy Computer 187
Predator-Proy Relationships Computer et 188
Stansties tor Botogists Computer ! 189
Denta’ Health Prorect Manual o 193
COENINE Computer i 180
COMPETY Computer [ 181
ENZRIN Computer 1 182
EVOLLE Computer ' 183
LINROVI R  omputer | 185
Huendanon® Manaal I 194 |
Protans as Hluman L ood Manual . 168
Lhe Ridpest tde Manual i 190
North Sen Challonge Manual | 196
CIRC ¢ omputer I 179
Dy Computer X 182
QP RON Computer i 186
stitcl Computer [ 188
POLY Computer i l 187

- -

higure 0.4 Exercises suttable for use o1 tea.bing biology
|
|
|

{
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Naine of exerctae tormat Age range tor which exercise s suntable Page
~ Jrefzfrafisfie(17]18]19] 20{21 422
Ehy sius buased erennes
Alternative Fnergy Project Manual 129
Central Heatung Project Manua! 131
Power Station Project Manual . 140
Central Heatuny Game Manual 130 e
Power tor t Laskay Manual 139
The Power Station Game Manual — 1 144
Hvdropower Manual _ = 134
Chempstry based cveridves I
Fnergy tor the huture - Manual 158
1008y an Anaestheti Manual 153
"] lements 1 the Farth Manual 157 '
botopes Manual 162
Magnesium trom the Sea Manual 164
A Fertihser to Order Manual 145
A Problem tor the Chemst Manual 145
Chenistry i Our Lives Manual 151
Choose a kabre Manual 153
wontact with Cleaner \ir Manual 155
Divsolving a Problem Manual 155
bacrgy  Past, Present
and 1 uture Manual 158
bocus on lead Manual 158
From Visible to fovimble Manual 160
Metals at Work Manual 165
Polar or lom ? Manual 167
Solubihity and Successtul
Separations Manual 172
The teruhser Problem Manual 174
The PV, Story / Manual y 176
The $ dphune Aad Story Manual 176
.| Whatisan Explosne? Manual 178
The Energy Problern Manual 174
The Protein Problem Manual 175
Take Your Chowe Manual 172
fsotopes in Our Laves Manual 162
Pubhe Inquiry Project © Manual 169
Point Fields Manual 166
The Alkali Industry Computer 173
Protemns as Human Food Manual 168
What Happens When The Gas
Runs Out® Manual 177
The Amsyn Problem Manual 173
Batch or Flow Manual 146
Poly water Manual 167
Brology based exeranes
The Dead Ruver Manual 189
The Ridpest File Manual 190
Figure 6 5 Fxercises sustable for educanon ‘through’ science
e
.
o B
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Name of Exercie tormat Age range for which exercise is suitable | Page
— 12l ishisfazfisfi9f 20l 21§22

Otber exercises

Space Colony Board 199

389/Science Concepts Card 198

. Offshore Oil Board Game Board e

Dental Health Project Manual 193

Fluondauon? Manual 194

North Sea Challenge Manual 196

Figure 6.5 (continued)
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Name of exerciae Format Age range for which €xercise 15 suitable Page
121 Blidfisfie 1711819 202122
Physics-based eaerases
Alternative knergy Projet Manoa 129
Central Heaunyg Project Manoal 131
Power Station' Project Manual 140
Central Heaing Game Manual 130
Power tor Flashay Manod 139
The Power Station Game Manual 144
Hydropower Manual 134
Chenasery based evercases
E nergy' tor the Future Manual 138
Chooming an Anacsthetic Manoat 153
Elementsan the Larth Manual 157
Botpes Manual 162
Magnesiom fromn the Sea Manual 164
A Fertrliser to Order Manual ) 145
A Problem for the Chemint Manual 145
Chemustry v our Iines Masnual - 151
Choose a Fibre Manual 153
Coatace wath Cleaner \ar Manuai : 155
Dissolving a Problem Manual 155
Laergy  Past, Prewnt b
and tuture Manua 158
Fowus on lead Manual 158
1 rom Visible to tnasible Manual 160
Metals at Work Manual 165
Polar or lome> Manual 167
Solubility and Successful
Separanons Manual 172
The Fernliser Problem Manuat 174
The PVC Storv Manua 176
The Solphunc Aad Stony Manuat 176
What s An Explosive? Manual 178
‘The ¥ nergy Problem Manoal 174
The Manufacture of Sulphunc
Aad Computer 175
The Protein Problen Manual 175
Take Yoor Choice Manoal 172
Chemustry Case Studies Manual 150
Case Studies in Chemucal
tagineenng Manual 146
Isotope s 1 Our Laves Manual .| 162
Public 1nquiry Project Manoal 169
Point Fields Manual « 166
| HABER "Computer 161
* The Alkal Industry Computer 1731
Proteins as Homan Food Manual 168 Y !
What Happens Whea The Gas
A Rons Oued Manual 177
The Amsyn Problem Manual 173
Batch or Flow Manual 146
\ Polvwater Manoal 167

Figure 6.6 Exerases for teachmg about science and technology

Aruitoxt provided by Eic:
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Name of exercise Format Age range for which exercise is suitable Page
13134115 116117[18119120,21 122

Mwlug‘b.ur.l CACTSES
Jasiticaton Board 130

The Dead River Manual 189
1he Ridpest File Manual 190
Other e rayey

“ Space Colony Board 199
Lab Apparstus Card 195
Fhotsh  One ot 2 hind Maaual 193
389/5cience Conceprs Card 198
Geologie Time Clart Game Board 195
Dental Health Project Manual 193
Queries '’ Theories Board . 197
Fuondatuon® Manual | 194
Norzh Sea Challenge Manual [ 196

Otfshore Oif Board Game Board 196 |
bFrgure 6.6 {continued)
|
|
|
\
\
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SELECTING, ADAPTING AND USING EXISTING EXERCISES 99
The selection process can best be allustrated by looking at spealfic
examples. ’

EXAMPLE 1

A teacher of chemustry 1n a secondary school wishes to find an exercise
suttable for use i remforang basic work on the formaton of ionic and
covalent compounds with a class of 12 t0 13 year olds. The exercise niust
be mexpensive (because his funds are strictly Linnted), relatively short (so
that it can be easily futed into the curriculumy, and farly simple (because
his pupils are not uf the highest acadenue calibre). Also, 1t must be manual
rather than computer-based, since ke does not have muluple access to
computer facihties,

Stage | On referring to Figure 6.1 (the basic algorithm), the teacher s
immediately directed to Figure 6.3 by answenng ‘yes’ and ‘chenustry” to
the first two questons.

Stage 2. On refernng to Figure 6.3, the teacher finds a list of all
currently available exercises suitable for use in teaching chemustry that
sho\)s. for each exerase, (2) the formar (card game, board game, manual
exerase or computer based exercise), (b) the range of ages over which it
«an be used, and (1) the page reterence i Part 2. From this, he draws up
the following short list of exercises of the appropriate level and format
whose names indicate that they mght be the sort of thing he is looking for.

Formulon (p 159) Cheminoes (p 150)
Elements (p 157)  Compounds (p 154)
lonics (p 162) Element Cards (p 156)

Stage 3. The teacher now refers to the data sheets on these exercises
and reaches the following conclusions about each.

Formulon 1 simple, inexpensive card game dealing with the
formdtion of 10nic and covalent compounds. It therefore appears to be
ideally surtable, )

Elements 1 simple board game designed to reinforce class work on
the periodic table, It does not deal wath the formauon of compounds,
however, and 1s therefore unsutable,

fontes  a card game Jealing with 1ome formulae and equations only.

It 1s thereforeunsmitable,

Chenmnoes 3 simple, inexpenswe donunoues-type game dealing with
the formation of ionic and covalent compounds. It therefore appears to
be deally suitable for the purpose the teacher has in mind.

Compounds 3 simple game designed to reinforce work on the
furmation of basic chenuial compounds. It therefore appears to be ideally
suitable,

Element Cards 3 multi-purpose fanuly of card games dealing with the
pruperties of the elements, but not speaifically with the way in which they
combmne to form comnpounds. It 1s therefore unsuitable.

Thus, 1t 1s apparent that there are three exeraises (Formulon,
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Chenunoes and Compounds) which could be used w the role envisaged by
our teacher e shoald thaeerare obtam speamen or imspection copies of
cach ot the exerases betore readhing o tinal deasion on which to buy as
a class set,

FXAMPLE 2

A physics teacher ina large comprehensive school wants a ‘nund-
broademsg” exercise to use with a cass ot 16 hyghly able siagh-tormers in
the peaiod immediately ater ther Adlevel exannguons. Naturally, he
wants 10ty have & basis i physics, but his man wm is to develop data-
hoandlig, analy ieal deasion muhing, communication and debaung shills.
Lhers is no ught Linut on the tme available, and he has up to £50 to spend,

Stuge 1 Reterence to bigure 6.1 directs the weacher to Figure 6.5 by
amswenng ‘no’and “yes' respectisely to the first two questons.,

Stage 2 On reterning to | yture 6.5, which lists exercises suitable for
ducaung ‘through’ science, he tinds & number ot physics based eaeruses
ot the appropnate lescel

. Alternatve knergy Project (p 129)
Central Heatung Project (p 131)
Power Station Projeet (p 140)
2 central Heating Game (p 130)
. Power tor Flaskay (p 139)
The Power Stanon Game (p 1-44)
Hydropower (p 13:4)

Stage 3. The weacher now refers to the data sheets on these exerases,
and reaches the following conelusions abont each,

Veernatrce Frergy Project, Contral Heatmg Project, Power Station
Prowet sl turn out w be ssmphitied, shortened versions of other .
exerases, with most ot their “hard’ physics content remosed i order to
nuihe them suitable tor use wath pupils who lack @ ngorous physics
bachground. They can therctore be eininated immediately since, even
if suitable fur the purpose that vur teacher has in nund, the onginal
versions wouid be esen mor: smtable,

Central Heatmg Game 2 manual mulu disaplinary mulu project
pach contwnimg tive projects deaing with difterent aspects ot domestie
central heating and insulauon, The main physics-based project is, howesver,
€ straighttorsard technical case study carned vut by pupils working either
simgly or i pawrs, and s therefore not smuable for culuvaung
communication or débaung skalls,*

Power for Flaskay 2 manual simulated case study on altsrnauve
encrgy which s highly interactive and involves faurdy lengthy physics based
caleulations, 1t takes roughly three hours to complete and costs £7 fura
Jdass set. 1t thus appears to be ideally swited to the sort of usage our teacher
has in mind.

The Puwer Station Game a4 manual simulauon game based on the

Q . A4
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SELECTING, ADAPTING AND USING EXISTING EXERCISES 101

planming of a large power station. It involves lengthy physics based
calaulations and 1s lughly interscuve, 1t takes roughly two and & half days
to complete and costs £25 tor a class sgt. Again, i appears to be ideally
suitable.

Hydrupoyer © another manual mulu-disaphinary mulu-project pach,
this ume dealing wath the topic of hydro-clecine pumped storage. The
main physics based project again tarns vut to be a relauvely non-nteracuve
technical case study, howeser, and s therefure not really suitable tor
developing coninunmication and debaung skulls.

It follows from the above that two exercises (Power for Elaskay and
The Power Station Game) appear to be wdeally switable for the ty pe of
usage envisaged by vur physics teacher. Depending on the ume he wants .
tu devote to the work, and the money he ss prepared to spend, he could
therefore deade to use erither - or both, .

v
.

Adapting cxercises to meet user needs

In sume ases, ot working through the selection process descnibed above,
an exerase will be found that appeirs w be exactly suitable for the role
envisaged. If such an exeruse is not found, a potennal user is faced with
three possible counes of action, First, he can abandon the idea of using
a4 ganie, simulition or case study and adopt sume alternative waching
strategy. Second, he can try to find an exerase that s sufficiently cdose”
tu what he wants to enable it to be used after some modification to its
format, structure, wntent or logisties. Fhard, he can deade to design his
own exeruse. We will now exanune the second of these options, leaving
the thard to be coveredin Chapter 7,

There 1s one important piece of advice that the authors of this book
wish tu give to potential users uf games and simulations. Newver be afrad
to adapt an exerase to meet your particular requirements, Remember that
the educational outcomes yus want an :xeruse t achieve may well be
difterent trom thuse the designers of the exerase had in mind. Once you
hz.¢ purchased a4 game, simulation ur case study, you should feel free w
mahe use of 1 any way you see fit, v, after all, simply a collection of
resource materials. .

In practice, there are two basic ways in whici an exercise can be
adupred

1. The resource matenial can be used 1n a differees av from that
recommended by the designers (eg by onutung certain maternal
from the cxeraise, alterning the programme or time scale, or
re-organizing the method by which the matenal s exploted).

2. The unginal resource matenial may be modified (eg by remonng
unwanted sections, alterning or extending secuons, or adding
completely new sections or materialb).

As illustratne examples of these two different forms of adaptauon, let
us exarmune sume ot the wads in which Power for Elashay has been used.
o .
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We saw in Chaprer 4 that this cveruse consists of 4 set of five parallel case
studies on dittaient deeriause coegy resourees leading into 4 plenary
session in which the participants have w devise a rolling programme for”
meetny tuture electnuity needs on the hy pothetieal sland ot Elaskay.
The exeruse contains lengthy techmical and econonue aleulations, and
is pumanhv antended tor use at upper secondary and lower teruary levels
with students who have wosaenutic background. 1t tahes coughly three
hours to complete,

On several ocasions, the author have run & shorened version ot
Power tor Elashay that vouts the techial and ccononnie caleulations
wex atsctenntic and educatonal conterences, where the tme asadable
was restricted, or with groups who lacked the saienttic background
necded to tackle the tull exerase). This was done simply by providing the
paruaipants with completed work sheets {photocopied from the teacher’s
guide) rather than the uncompleted work sheets supplied in the game
pachage pruper. On uther vcdasions, the excrase has been extended by
using the indisidual case studies and the rolling programme as ‘jumping
oI points tor turther, more detled work, Newther ot these adaptations
reyquired any moditicatuon ot the original resource matenal {other than
duplication ot pages tron the teacher’s guide) and yet produced exerases
ot aadically ditterent type trom the onginal. |

The authors have abso producgd 4 simphitied, shightly abridged version
ot Power tor Flaskay speditically tor use i saence in suuiety -ty pe courses
(the Alternatine Fnergs Project @ see page 129), This was done by
re wriiny the vanious projectsheets and work sheets in order o reduce
the amount ot wechmal cadeulations, sunplifsing the scenano, and !
completely re-orgamzing the lognties of the game pachage, Tothis way,
it was possible to produce an exerene which could be used with a tetally
ditterent tar tet population but which revnned all the essential
characteristices ot the oryginal vase study .

tor convenience, Jhe ase ot 4 gamie, simulation or case study in a teaching
sttuation wan be divtded inpo three phases, namiely preparatory work, the
actual runnmy of the exerdne and the debneting

Guide to the use of gaming% and simulation excrciscs
These will now be exanhined'in wirn
|
|

W The preparaton :J,wk or most exeruses, the preparatory work
required wan be briken Jown into the tollowny elements
1) muake sure that the ;umc pachage s avauable and complete.
i muhe sure that alf other taahiues needed for unmng the .
exerase will be J\‘Us‘ll)lc as andrwhen required (eg 1
tocommodation, dutho-visuad ot compuiter facthities, €tra
staft), - -
vl chedhithat you will have asustable number ot parucipants
ensure that the exerise can be run eftecuvely (if necessary,
‘borrow” pupils or sfudents trom another classin order o

ERIC -
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SELECTING, ADAPTING AND USING EXISTING EXERCISES 103

make up the numbers).
(v ) make yourselt thoroughly famibiar with the complete game
package and, m particular, with the teacher's guide (it one

/ 1s supphied).

/ (v) carry out any prelinunary teaching that may be necessary,

(V1) 1ssuc any introductory material, and make sure that the
partiupants know what the exerase will involve.f necessary,
altocate students to roles (or groups) and 1ssue any necessany
bricfing or resource material,

All these points may appear rather ubvious (espeaially to thuse with
sume experience of running games and simulations), but they are all

essentual 1f the exercise 1s to run smoothly, | ‘ .

(b) Rummmng the eaercse, Unless you are dehiberately dc;;»amng trom
the methdd of organization recommended by the designer, the hey
to the successtul running ot 4 game, simulation or ase study s
to mahe sure that you tollow the instructions givenn the teacher’s
gurde. Uf such 4 guide 1s notincluded 10 the game package, it s
strongly recommended that you prepare your own,

(c) I'be debriefing. Practically all workers in the gamung and
simulation field agree that a debniefing session of sume sort s
essentral 1if full educational value 1 to be derved from a game,
sumulation or case study. The form of this debnefing will depend
on the nature ot the pxerase involved, but should generally inddude
the following three

(1) review of thefciual work of the exercse, and discussion of
any important ponts that are brought up by the paruapants.
(1) discussion At the relationship between the exeraise and the

- subject mdrter on which it 1s based (eg discussion of the

degree of reahism of the exerase 1n the case of a simulation),
(u) discussion of any broader 15+ 1es raised by the exerase.

-~

If the exercise was sself being tested in any way (eg if the teacher was
try ing out a newly modified version of an existing game or Sumulatiun),

a fourth clement should be included, namely discussion of possitile
methods by which it ¢ould be improved.

The debrieting session s particularly important in the wse of exerases
that involve role play or place the mtnnsic subject matter i a soual,
pohtical, economic or envirdnmental content, indeed, i these cases, it
can be the most important part.

ERIC ' 9%




Chapier 7:
Designing your own exercises

oo

Since 1973, the authors have been involved in the dcvclopn‘l?ht of over
25 educational games, simulations and case studies, for use at both
secondary and tertiary levels. Despite the widely differing character of
these excercises, however, it has been possible to adopt a single underlying
rationale, bascd on a systems approach, to their design and development.
This will now be described.

General description of the development process

The process by which a game, simulation or case study is developed and
exploited falls naturally into three distinct phases (see Figure 7.1).

Development of Development of Exploitation of

the basic idea "1 aviable educational the exercise
package

Phase 1 Phase 2 3 Phase 3«

Figure 1.1: The three phases ;f the development process

The first of thesc phases 15 the development of the basic idea. The second
(generally the longest) is the cyclical process by which a viable educational
package is developed and field-tested. The third is the exploitation of the
final package. Let us now examine the three phases in detail.

PHASE 1 — DEVELOPMENT OF THE BASIC IDEA

The decision to design an educational game, simulation or case study
should be reached as a result of the following sequence of events:

(a) Identification of a gap in the curriculum (ie a set of specific )
educational outcomes it would be desirable to achieve with a
specific target population). ’

(b) Realization that an exercise of the game, simulation or case study
type could be an effective means of filling such a gap.

(c) Thorough search through the range Jf existing exercises with a
view to finding a suitable exercise (or an exercise that could be
adapted to the role cavisaged) and failure to find any such
exercise.

37
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(d) Appraisal of possible alternative strategies for filling the gap in the
curriculum and realization that none of these would probably be
as effective as a game, simulation or case study.

“

Thus, to use Popperian terminology,* the starting point in the
development process should be the identification of a problem situation —
in this case, the existence of a gap in the curriculum and the absence of a
suitable means of filling it. The nextstep should be the formulation of a
tentative solution to the problem situation - in this case, the development
of the basic idea for a suitable excrcise.

As Popper has shown, the progression from problem situatfon to
tentative solution is essentially a creative process (like the creation of a
work of art or the formulation of a scientific theory) and therefore cannot
be deseribed in strictly rational, logical terms. In the case of the
development of the basic idea for an exercise like an academic game,
however, the creative process can be helped along by tackling the problem
in a systematic manner. The approach that the authors have found useful
is shown in schematic form in Figure 7.2.

TENTATIVE SOLUTION
(Basic Idea for Exercise)

PROBLEM SI{UATION
{Gap in Curriculum)

”-» e ---—q—-‘ r------au---1
1 st i '
! ' ] Stage 1 '
. Target ! P ) Content (]
' population [ v ; H
) . H !
: ! | -4
1 ] 1

B S | —Y 1
[} ) ? Stage 2 » |1
1 Educational i 1 Format h
1 outcomes > T 2
: : ' |
L---------J ,l l
] Stage 3 3

Structure :

{ 1

I 1

L - en o em Am an S en J

Figure 72 Develuping the basi 1dea for an educational game, simulation or case study

* The philosopher Karl Popper has argued that vixit,}xgly all problems can be tackled
using the same basic methodologicat approach.“" *™ This can be summarized 2s

P, —> TS — EE —> P,

where P, is the initial problem situation, TS a tentative solution, EE the process by
which the soludon is tested by systematic elimination of errors and P; is the new
problem situation that emerges from the work (this is always different from Py ).

)
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¢
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The fiest stage in the processis to determine (in broad terms) the
content of the exercise. In many cases (particularly where the educational
outcomes are mainly cognitive in nature) this will follow more or less
directly from the problem situation already identificd. In other cases
(particularly where the desired outcomes lie mainly in the affective
domain) the choice of suitable content may not he quite so
straightforward. Indeed, in the latter, the content is often merely a
foundation on which a structure capable of achieving the desired
educational outcomes may be built (see, for example, Proteins as Human
Food (page 169) and Polywater (page 167)) sc that the choice of specific
content need not be particularly critical.

The second stage is the choice of format (card game, board game,
manual exercse* or computer-based exercise). This will depend partly on
the general nature of the desired educational outcomes and partly on the
specific content provisionally selected. The suitability (or otherwise) of
different formats for achieving different types of educational outcomes is
summarized in Figure 7.3 (sce Chapters 3, 4 and 5 for more detailed

mformation).

Format Card Board Manual Computer-
Type Game Game Exercise Based
of Exercise
Educa tional
Outcomes
Required
Teaching or Very suitable-| Yery suitable-| Very suitable | Very suitable,
Reinforcing particularly particularly with all age |particularly
the Basic with younger with younger groups with older age
Academic Content | age groups age groups groups
of a Subject
Cultivating Not really Can be of Very suitable | Can be quite
Broader Skills suitable 1imi ted use usefyl -
(Educating particularly with
“through* older age groups .|
Science)
Teaching Not really Can be of Very suitable | Can be quite
About Science suitable imi ted use useful =
or ‘particularly
Technology with older

age groups

Irgure 7.3, The sustability of different formats for acbxsvmg different educational .

outcomes

The third and fina} stage in the development of the basic idea for an
exercise is the choice of structure. Here, the range of structures possible
in any particular case will largely be determined by the specific nature of
the educational outcomes required. The possible structures available
within each format will now be briefly examined.

Card games. Here, a wide range of standard structures is available
(eg rummy, solitaire, happy families), and the designer should work

* In the limited sense used in Chapter 4 ~ see page 53. ‘
|
|
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systematically through these to see if any can be adapted to the type of
usage he hasin mind (see Chapter 3 for typical examples).
Board games. Here, at least four basic structures are possnblc

»

(1) use of the board as a two-dimensional matrix on which patterns
' may be built;
(1) use of the board to provide a prederermined linear path (or paths)
along or around which players have to progress;
(ii1) use of the board as a field for mobile, two-dimensional play;
(iv) use of linear actiity round the perimeter of the board to control
two-dimensional activity on the interior,

Examples of how these different structures can be used to achieve specific
educational outcomes are discussed in Chapter 3.
Manual exercises. Here, there are four basic structures:

(i) the simple lincar structure, in which the participants work

systematically through the same predetermined scries of activities,

(n) the simple radial structure, in which the participants carry out
different (albeit often related) activities using different resource
materials and then take part in a discussicn, debate or meeting
of some sort;

¢iil) the composite structure, which combines linear and radial
clements;

(iv) the multi-project structure, where a single set of resource

, materiais is exploited in a number of separate projects.

In general, the simple Linear structure is most suitable for exercises where
a complex case study of some sort has to be broken down into
manageable stages, and where the cducational objectives lic mainly in
the cognitive domain. The simple radial structure, on the other hand, is
most usefulun cases where the different points of view or starting points
in a problem situation have to be examined, compared and discussed,
and where the main educational objectives are non-cognitive in nature
(cultivation of communication skills, inter-personal skills, desirable
attitudinal traits, ctc). The composite structure can be used in more
comphcated cases where outcomes of both types need to be achieved!
but this 1s not recommended unless the designer has previously had sume
experience of developing simpler excreises. Similarly, the multi-project
structure is not recommended for beginners. ’

Examples of exercises that use these different structures are
examined in detail in Chapter 4.

Computer-based exercises. By their very nature, computer-based
exeraises are essentially lincar in structure, although they can vary
enormously in the amount of branching they employ and in the extent
to which thc user interacts with the program. If the exercise is to be a
worthwhile educational experience (as opposed to a mere vehicle for
imparting information),it is essential that the degree of interaction be
high. The dcsn;,ncr should therefore try to structure his exercise so that
xhe computer is rather more than just a super-fast calculator.

EMC
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‘The way 1n which the computer medium can be used to achieve
different ty pes uf educational vutcome is discussed in detail in Chapter 5.

PHASE 2 - DEVELOPMENT OF A’ VIABLE EDUCATIONAL PACKAGE

The second phase 1n the development of an educational game, simulation

or case study involves: .

(a) converting the basic idea from uts original conceptual form to
more tangible form (an actual package of materials), and

(b) refining the package by means of ficld trials designed to
determine whether it is capable of doing the job for which it is
intended.

(In l.’oppenan terms, (a) 1s essentially a continuation of the development
of the tentative solution tu the onginal problem situation, while (b) is the
neat crucal step in his methodological scheme, namely the error
elimmation process.) As in the case of Phase 1, the work should be
tachled in a systematic manner, using an approach of the type shown
schematically in Figure 7.4,

BASIC IDEA FOR EXERCISE

Format

PROTOTYPE PACKAGE

""'""“"""'1

Stage 1
Overall form

N

of package.
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Stage 3
Field testing S

of package

Figure 7.4. Converting the basic idea mto a viable educational package
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‘The first stage in the process is the determination of the overall form
that the package 15 to take. To a large extent, this will depend on the type
of formaz and overall strueture provisionally selected for the exercise
(see below).

Card game. Teacher’s guide and/or game manual plus pack(s) of cards.

Buard game. Teacher’s guide and/or game manual plus board and ancillary
materials (playing pieces, cards, dice, ctc).

Manual exercise. Teacher’s gmde, introductory material and resource
material (whose nature will depend strongly on the type of structure
adopted). ’

Compicter-based exercise. Teacher’s guide (if appropriate), student

manual(s) and actual programi(s). N

For further information, sce Chapters 3,4 and 5.

The sceond stage 15 the design of prototype versions of all the various
materials that are to be included in the package. Here, the best advice the
authors can give to a would-be designer is that he or she should study the
materials contained in an existing exercise of similar format and structure
to that which he or she is trying to produce and then base his or her own
materials on these. .

Whatever the format and structure, the primary zim should be to
produce a patkage of materials that can be used not only by the designer
but also by any other teacher or lecturer who wishes to run the exercise.
For this reason, it is essential to include a comprehensive teacher’s guide
or game manual that provides sufficient information for this to be done
without the user having to reter back to the designer for help or guidance.
Such a document should therefore include the following elements.

— alist of the edticational outcomes the exercise is designed to
achieve;

— a list of the contents of the package;

~ detailed instructions on how to organize the exercise.

With regard to the other resource materials to be included in the
pachage (1e %b“osc which will be used by the participants rather than the
organizer), it 15 important to make surc that each item:

— fits into the general context of the exercise;
— is consistent with all the other material in the packages
— is capable of fulfilling its own specific function.

This will almost certainly necessitate a certain amount of ‘tuning’ (1¢
revising or amending parucular items as the work progresses in order to
produce a self-consistent and balanced exercise).
' The third stagein the development of a viable package 1s the process ’
by which it s field tested in order to determine whether it is (a) logistically
and operationally sound and (b) capable of achieving 1ts design objectives.
This corresponds to the error elunnation phase of Popper’s methodological
scheme, and is possibly the most important stage in the entire

3
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| development process.

The first field test of an exeraise should be run by the designer himself,
preferably with a group drawn from the target populanon for which it is
intended. This can have a number of different outcomes.

(a) The exercise turns out to be a complete disaster (particylarly from
the educational point of view). This indicates that the whole -
concept should be critically re-eXamined, and the exercise either
abandoned or drastically modified.

(b) The exercise proves successful in some respects but less so in others,
revealing 2 number of basic (but not disastrous) organizationai
and/or educational flaws in its design. This is a satisfactory outcome
from the designer’s point of view since it

(i) shows that his basic idea appears to be sound;
(1) identifies those arcas where some modification is required, and
(iii) gives some clues as to what the modifications should be. .

All such changes, whether relating to the overall form of the
exercise, to the detailed contents of the resource materials or to
the organizational procedure, should be made before any further
field tests are undertaken.
(c) The exercise proves completely successful in all respects, apart
comparatively minor points of detail which can be remedied
without a major re-write. This is even more satisfactory (albeit
highly unlikely!) and indicates that the exercise can be safely
handed over to colleagues for further, more rigorous field testing.

Once the designer is satisfied with his exercise (ie has finally achieved
_ outcome (c) zbove), he should allow it to be field tested by at least three

colleagues, ether in his own school or college or (preferably) in other
establishments. This set of field trials is, if anything, ¢ven more important
than the fifst, and should be corducted rigorously. Both the organizers
and the parnicipants should be actively encouraged to criticize the exercise
by pointing out any aspect(s) they feel could be improved. Such
constructive criticism (which lies at the very heart of Popper’s
methodology) should be obtained using suitably designed questionnaires
and interviews. It should then be used as the basis for any further
modifications of the exercise that prove necessary.

Only when criticisms have been reduced to trivia should the designer
feel satisfied that he has produced a viable, educationally valuable
exercise. This may take several cycles of ﬁc‘ld trials and revision.

»

PHASE 3 — EXPLOITATION OF THE EXERCISE

If a designer has satisfactorily cot 1pleted Phase 2 above and has produced
what appears to be a worthwhile educational 'c)xc{cg»c he should seriously
consider publishing his work and making his exe cise generally available,
All too often, potentially valuable games, simulations nnd case studies are
dned only by the designer and a few of his immediate céllcagucs. In many
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cases, such exeraises would be of considerable value to the educational
community at large,

A designer can publicize his work in a number of ways First, hc can
write articles for educational journals, eg .

— journals dealing with the teaching of science and its various branches,
-= -~ . — journals dealing with educational methodology;
~ journals dealing specifically with the ficld of gaming and simulation.

™ Second, he¢can give talks at conferences, mectings of professional bodies,
cte. Third, he can run demonstration sessions of his exercise for
colleagues and other interested parties. The various national and
international bodies formed to promote the use of gaming and simulation
tech niques (sée the list at che end of this chapter) can be particularly
useful in helping designers publicize their work.

With regard to making an exerase generally available, there are three

basic ways in which this can be done:

(a) The designer can produce a do-it-yourself kit that enables other
people to prepare their own copies of his or her package.

(b) He orshe can produce multiple sets of the package. ¥

"(c) The designer can approach an appropriate commercial
professional body with a view to having the exercise published
and marketed on a large scale. In this case, the designer is advised
to try to find an organization that has already published cxercises
of a similar type or in the same subject area. The data sheets given
1n Part 2 should be of considerable help here.

% In both cases, the designer can cither give away or sell these
materials, or make arrangements for them to be made available
through some other body.

General hints for would-be designers

In conclusion, the authors would hke to offer two general preces of advice
to potential game designers.

First, do not work on your own unless 1t is absolutely necessary. Itis
much edsier 1o produce a good exercise if you can find a colleague (or
group of colleagues) to help you. The interchange of ideas and mutual >
criticism- that such teamwork makes possible will, aimost without
exception, not only speed up the development process but also give nise
to a much better final product.

' Second, remember that the human mind is hke an iceberg, with only .x
small fraction (the conscivus mind) visible and by far the largest part (the
subgconscious mind) hidden. It is generally accepted that the latteg plays
a major role in the creative process, sv you should give it every chance to
do so. If you are stuck for an idea, stop work on that particular problem
and do something completely different, your subconscious mind will often
come up with a solution, apparently quite spontancously. This is
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particularly true 1f you th=ink about a problem last thing at night, just
before going to sleep. T'ry  1t: 1t often produces results,

List of principal organ_izations that prgmote academic
gaming and simulatiorm

1. ISAGA (Internatiormal Simulation and Gaming Association).
Contacts: Enrope —~ Dr K Bruin, Ubbo Emmius, POB 1018,
Lecuwarden, Netheeelands; North America ~ Professor R Duke,
University of Michig=an, 2150 Art & Architecture Building,

Ann Arbor, Michiga—n, USA.

2. NASAGA (North A,Jncncarl_Simulation and Gzaming Association).
Contact: Dr B Laws=on, Barry Lawson Associates, Inc, 148 State
Street, Boston, MA 02109, Mass, USA.

3. SAGSET (Society feor Academic Gaming and Simulation in
Education and Trairming). Contactt Hon Secretary, SAGSET,
Centre for Extensio m Studies,'University of Technology,
Loughborough, Leicss, LE11 3TV, England.
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~ .Evaluating: games, S|mulauons and :

caseé studies - -
¥ 5 - \ .. . 1

Although impressive claims are often made regarding the educativnal value
of games, simulations and case studues, th';«s’{i'ppomng evidence is nearly
always lacRing. On far too many occasions, a simulation or game s judged
to be successful simply on the grounds that it *works’. Thus, in itself, twells
us httle about the extent to which the overall aims and objectiveshave
been achieved, since the only way in which such information can be
acquired is by carrying out a systematic evaliation of the exercisein
question,

. While most workers agree that evaluation s important, there is less *

agreement as to how this evaluation should be conducted, When the
exercise 1s a game, simulation or case study designed to achieve a range of
non-cogmuve outcomes, 1t becomes parucularly difficult to devise valid
and workable evaluation techniques. ‘Thus, although gaming and
simulation techmques are being increasingly used in many areas of
cducanon, rescarch mto cvaluation of the effectiveness of such methods
has lagged behind the development of the methods themselves, .

In this chapter, we will take a look at some of the techniques that can
be used to assess the effectueness uf saence-based games, simulations and
ca,¢ studies, Before we do so, however, we will discuss some of the
broader aspects of evaluation, and then exaniinte sonie of the evaluation
work that has actually been done vn saence based games and simulations.

The evaluation debate

Perhaps we should start by answenng the question ‘Why should we bother
to evaluate games, simulations and case studics at all?* After all sthe
individual teacher’s own judgement.on the effectivencss of the teaching
methods he employ's has usually been considered sufficient i the past.

If the systems approach to the development of educational exercises®
advocated in the previous chapter 1s adopted, however, evaluation clearly
plays a key pariin the development process, since it can identify
particular strengths and weaknesses of an exercise, and hence provide a
firm basis for 1ts modificauon and improvement. Thus, the basic question
1s:not ‘Should we evaluate?' but rather ‘How should the evaluation be
carried out?'

One current area of controversy in collgational evaluation is coneerned
with the respective merits of two distinctly different approaches - thc
so-callcd agricultural/botanscal and social/antbropological approaches.®
‘ormer 1s normally considered to be the ‘scientific’ approach to
ERIC lug
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evalianon, The experiments used have tght contrals, and the resultng
outcomes are cacctully mcasurad using objecn es-orented evaluation
procedures,

The soctalzanthropological approach, vn the other hand, s more
wncerned with studying the vngoig process that takes place durmng ary
exerase. 1t uses far more subjecine methods, and is bused on the arguments
that (1) the varables i educational capuumnu ar¢ numierous and hence
cannot be readdy controlled, and (b) the inputs and vutputs of such
expenments are not.easily measurable.

Sumie eapenimenters have attempied to use the ‘saentific approach to
compare the vutcomes of ganung methads with more wadional methods
of wastruction, The value of such comparaye rescarch has, hunerver, been
widely ¢niwaced on the grounds that the ‘el and * tasbtional’ methods
cach have partieular strengths and weaknesses, and that s not valul w
compare thei respective perfornuances in achieving a4 set uf “compronuse’
ubjuuvcs." W09 The controlling of all the vanzbles whieh mygh atfect
the outeome of the expenment is another major problem.

Other worherns have suggested that the real educational value of games,
simulitions and case studies sumply does not lend iself o measurement
using formal evaluation procedures.®®” This s echoed by Bloumer, who
puints wut that such teaching methods very often mvuhve complen human

mteractiom uf the ty pe that formal input. vurput ev sluation measurements . |

ynore, ¥ .

In general, huwever, these broad ssues are of -much more mtcrcu w
cducanionahsts and educational technologists than to pracusing teaches,
Such teachers are hihely to beinterested in evaluatio® only i so far asat
can help them to improve the effgcnveness of exerases that they
thenuelves have adapted or designed. When planming such an evaluaton,
1wt recommenaded that they tny to adupt a muddle path between the purely
oljectine anyl purely subjectine approsches wuthined abuove, Whether the
emphasis should tend towards the furmuror the latter will depend un the
nature uf the exeruse i question and the speafin educational purpase
for which 1t s to be used.

Review of evaluation work carried out to date

The reason why ‘hard’ research into the effectnensas of ganung and
smulston methods has not develupedas faras nany worhers would have
hiked is probably o combingiaon of several factons, These inddude the lick
of general agreement regarding the basie approach that should be adupred,
the puor quality of much of the research that has i fact been carn=d oue,
and the mntnnsic difficults ol devising valad and worhable asessment tools
n uBses where attutude and broad nonognine shally (« 91' ommutication,
deastun making and inter personal shalls) are intohed™ In wddition, must

stadies of the educational wutcomes of games, simulations and wase studies
have been stnictdy short term, ur have had findings that could not be
generahzed.

The majority of attempted evaluations of gaming matenals have been
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-
l carried out m Ameeda, Itis apparent, however, thar very few well-planned
and anambiguous research efforts have been reported o far. The fack of
} hard evaluatve evidence 1s ased by sume workers to disparage the usc of
| gannag aad simulation technigues, despize the tact that the use of more
traditional teaching methods has no ketter emparical justification.”®
The tentatsbe conclusions wh..ii can be drawn from ¢valuation rescarch
have already been given in Chapter 1. In short, these are (a) that games, ?
simulazions and case studics appear to have no advantage over other
methods in teaching basic facts and concepts, (b) that the methods appear
to have constderable potential in achieving attitude development, and
(¢) thar the methods strongly motivate students, who agpear to enjoy
participating in such exercises,
Evaluation work carried out speafically on science-based games,
stmulations and case studies can convenently be sub-divided into three
broad categories, namely:

1. Evaluation of the effecuveness of other people’s pubhshed exereises.
2. Developmental tesung, by designers, of their own exercises in
. order to assess thetr potential and identify weaknesses,
3. Largescale evaluation of the cumulative effects of a specific
programme of excrases designed to fitin with and complement
~ an existing science qurriculum,

tustratine examples of cach of these categories will now be exanuned.

AN

EVALUATION OF OTHER PEOPLE'S EXERCISUS

tepurted - generally carnied out by teachers interested in obrtaining
feedback vn thar effecuveness. One example 1s the independent
cvaluatior by Vaughan® of two of the chenustry based card games
pruduced by tieyden & Sons, namely Chemsyn and Element Cards (see
P 151 and p 156). This study was done on 1 relatively small seale with
one Jass of students. The evaluatiun mvulved testing the students befure
and after thair expenence with the card games in order tu Jetermine their
ablis to carry out the operations used in the games and to test their
Rnoftedge of the wformation pruvzded on the cards. The expenmental
group was compared with a cuntrol group. (It should be emphasized
that, in ths case, it was the card games (and not the sendenis) that were
being evaluated.) Viaughan conduded that his tests indicated improved
hnunledge of the speafic chemual principles under investigation, slthough,
as 18 so often the case, he added the rider that further evaluations were
needed wath larger groups in order to establish the statistical significance
- of these gbservations. .

Another interesting example of this broad category 1 the evaluation of
The Power Station Game (sec p 144) that was carried out by Millar™ in
Austraha. The exerase was used in a training course for primary teachers -
a use which the designers of the eXerase had not envisaged. The evaluation

(" againona relatwely small scale. I¢ was effected via a series of short ]

ERIC ' 108§ .

.
Aruitoxt provided by Eic:

A number of evaluatiuns of cummeraally available materials have been




|
l

1thc Uniy

[mc

: '

N\

118 " GAMES AND SIMULATIONS INSCIENCE EDUCATION

questionfunres that the students filled in at vanous stages of the exercise,
giving their current rating of the game in terms of enjoyment, complexity,
relevance and content. The evaluation showed the exercise to have besn
asucceess (in the opinion of the evaluator), and has since been repeated
each time the exercise has been used in order to provide feedback.

/

t

. DP:VELOP.‘\iEN'iAL TESTING OF PROTOTYPE MATERIALS

This is probabfy the area 1n which most evaluation work 1s done, although
the results nrc,:‘\ot always reported. As stated earlier, if one adopts a
systematic approach to the dc.sngn of a game, simulauon or case study,
evaluation of ,ht package during its development is vital.

A trial of aﬁg} exercise may snmply be a field test whose main abjcct 15
to identify degign faults and ambiguities, the information thus gained
being noted, }nd the exercise dul) adapted. This type of evaluation is
basically” par:’ f the final ‘tuning’ process for the exercise (see Chapter 7).
Altcrnamely. the trial may go furthcr, and involve a formal evaluation
of the cffcuwtnms of the exercise in achieving its educational dcsngn
objectives, i

‘This type & dcve"\pmcntal testing has been described for three
chemistry basckd eaercises, namely Proteins as Human Food, What Happens
When The Gas,Runs Out? and Polywater'® (see p 168, p 177 and p 167).
All these c‘«:rc&cs are designed to develop both cognitive and broader
non-cogritive skills. Because of this, a variety of assessment tools was
used, dcpcndini;, on the type of outcome currdntly under scrutiny. These
included muluplc - hoice questions on the cognitive content, rating scales
to assess svudcnts confidence in various communication skills, atuty de
scales, student interviews, and recorded ubservagipn of the playyng scasxons.
The use of su\.h a battery of techniques was mugary because of the wide
range of OU(COWLS being investigated.

ii ! Q

LARGE-6CALE EVALUATION OF A PROGRAMME.OEEXERCISES
Although the typc.s of evaluations Jiscussed above play a vital partin
assessing the vilue and cffectiveness of individual exercises, the

. generalizing power of such research is usually hmited to the specific

conditions undcr which the research is conducted. In most cases, the
genegal validity is restricted by the small number of participants, and also
by the fact that the desigper of the exercise runs the playing session and
organizes the research himsclf. The broader questions raised earlier in this
chapter regarding the general applicability and hmitations of games,
simulations and case studies can only be answered by well-planned, large-
scale rcscauh programmes 1n which the designer of the package is not
directly mVol,vcd in the administration of its use.

One such large-scale evaluation of the cumulative effect of a series of
games, simfulations and case studies designed to fit in with an existing
science curiculur hgs bccn carned out by Norman Reid, working from

;Lsuy of Glasgow.®® Reid was interested in developing a ‘social
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=




EVALUATING GAMES, SIMULATIONS AND CASE STUDIES 119

awareness of science’ 1n 13 to 14 year old school pupils. The subject area

was limited to the content of the Scottish O-grade chemistry syllabus

and, for the purpose of the study, five main areas of interest were chosen .
from: the existing syllabus. These were:

1. Historical implications of the development of chemistry.
2. Domestic implications of chemistry.

3. Industrial implications of chemistry.

4. Economic implications of chemistry.

5. Socio-moral implications of chemistry.

teaching packages was constructed, most of which involved extensive use
of game/simulation/case study techniques. These packages were designed
to use the basic content of the syllabus as a vehicle for non-cognitive
development. .
Each package was initially tested with over 250 pupils and ten teachers
from eight schools in order to ensure that it was workable in terms of
vécabulary, content, time and clarity. At this leve! of testing, most
teachers and pupils found the packages acceptable and useful.
Reid then investigated whether the packages achieved any objectives
from the five broad areas in which he was interested in the long term.
To this end; a seven-month ¢xperimerit was sct up. Several hundred
third-year pupils following O-grade chemistry courses in schools
throughout Scotland completed a minimum of four packages over a
six-month period, the packages being chosen to fit in with their usual
course work. At-the end of seven months, they were assessed, and the
results compared with those obtained in a second assessment carried out
with a similar number of pupils who had not used any of the packages.
A parallel experiment was undertaken with fourth-year pupils to provide
corroboration and comparisons.
The assessmant was carried out using questionnaire booklets in which
pupils answered roughly 75 questions in the space of 30 minutes. The
“evaluation items were validated by sample interviews with the pupils.
‘Obviously, a wide range of information was obtained from these
assessments, but the degree of consistency between the two experiments
wa$ remarkable. A summary of how the experimental pupils (who had
used the packages) compared with the control pupils (who had not) in
each of the five arcas is given below.

To help pupil dcvclopmcpnt\ﬁ't%i:csc areas, asc;ics of 12 interactive

« Historical - there was insufficient historical emphasis in the packages,

but some good specific achievements.

Domestic - the response was encouraging,although some gaps were
apparent.

Industrial — the results were remarkably good, indicating that there
was much more scope for development in this area.

Econonic — there was evidence of consistently good achievements,
with almost every facet being developed to some extent. - .

?
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Sucio-moral  impact appeared to be imited 1n this area, especially
when objectives became more personal,

Reid concluded that non-cognitive outcomes can be achieved with
O-grade chemistry pupils in the area of social awareness through the use
of interactive teaching materals. Pupil reaction was very enthusiastic, and
teacher reaction vaned from initally sceptical to enthusiastic, becoming
progressively more favourable with experience. Student non-cognitive
achievement was relatively permanent in that it lasted for several months.
Reid claims that the results of his research have a wide applicability to
other subject arcas, and points out that the scope for research into the
development of the various non-cognitive outcames of a science educanon
is enormous,

Some evaluation techniques v

Let us now examine the various techmques that can be used to evaluate
the effectiveness of games, simulations and case studies in science education,

COGNITIVE TESTS

The assessmient procedures traditionally used in education are concerned
almost enurely with measuring cogmtive attainment (eg knowledge
gained), Such procedures include essay-type questions, objective items
and unique answer questions. In terms of reliability, validity, case of
application and staustical treatment, the last two question types appear
well surted tu measuring purely cognitive gauns from games, simulations
or case studies. The actual experimental design adopted will depend on
several factors, including the number of participants available and the
possibility of obtaining suitable control groups.

NON-COGNITIVE TESTS

A major problem arises when any attempt is made to measure the
developmient of atutudes and skills which are not purely cognitive, because
traditional assessmen? methods are sften inappropriate. The suitability of
assessment techniques 1s further restricted by the need to have procedures
which are simple 1n application, are acceptable to students, are as valid
and rehable as possible, and produce results that can be meaning fully
analysed,

Such conditions limit the choice to methods which can be broadly
clussified under two headings. observational techniques and self-reporting
techniques, ’

Observational techmques

When certain attitudinal vbjectives are involved, or when the development
of communication or inter-personal skills is a major aim of the exercise,
direct observation of individual or group behaviour can be of use in
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mon.zoring 1ts effectiveness. Closed-circuit television or a simple audiotape
recording of the activities in a group session can act as a permanent record
of the exercise so that subsequent analysis can be attempted. This analysis
can take the form of simply cataloguing the numbers and patterns of
communication within a group. At the other extreme, it can involve some
sort of ‘interaction process analysis’, which may provide an insight into
the social psychology of the group and the personalities of individual
members.

Self-reporting techniques
Several such techniques have been devistd, the most important of which
will now be described.

(a) Likert scales®” are commonly used in attitude measurement, and
appear deceptively casy to devise and administer. There is, however, a lot
of skill required in producing good Likert items which (i) are valid, and
(ii) provide good discrimination between people with differenc opinions
ona topic. Essentially, a LiKert rating scale consists of a list of statements,
the person responding having to make a judgement on every statement —
usually by selecting from a number of degrees of agreement and
disagreement. Figure 8.1 shows a series of Likert items designed to assess
students’ attitudes and confidence towards group discussion in class.

Such an evaluation could be used 1n conjunction with a simulation, game
or case study designed to increase inter-personal and communication skills.

The number of options on the scale will depend on the requirements of
the setter. It can be odd or even, the latter having the advantage that it
does not allow participants to take refuge in a completely neutral category.
Although relatively common practice, it is statistically unwise to add
together scores for scparate statements on a Likert scale to obtain an
overall attitude score. This may only be done if the statements are
measuring the same attitude dimension. It should, however, be possible
touse Likert-ty pe scales to 1dentify variations in atritude and opinions
within a group. This can be done by comparing participants’ responses to
tndivednal statements in a test administered before and after a teaching unit
designed to modify such opinions, or by comparing them with a carefully
matched control group.

(b)The semantic differential technique®® has been used as a tool for
various ty pes of assessment designed to measure the connotations that
particular concepts have for individuals. Word pairs of antonyms such as
‘valuable/worthless’ and ‘interesting/boring’ are joined by a 3,4, 5,6 or
7 pointscale. The method is based on the premiss that the word pairs are
opposites, although this assumption may not always be valid because of
the fact that particular words sometimes have different mcamngs for ¢
different students.

Figure 8.2 gives an example of a semantic differential grid used in the
evaluation of Fluoridation? (see p 194).%? The grid was used to assess
students’ attitudes to fluoridation before and after participating in the
exercise.
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Put a letter 1n the appropriate box to indicate your personal opinion

about each of the following statements.
Mark: - f you strongly agree ith the statement

- if you agree with the statement

1f you neither agree not disagree, Or you don‘t know

- if you disagree with the statement

m o ©o @ 2
[}

- if you strongly disagree with the statement.

1} 1f I knew a piece Of information of relevance to a clasc discussion
1 would be eager and willing to comunficate 5t to the class.
i) 1 find it easy to differentiate between facts and opinions
i1i) 1 have confidence in my ability to argue a point during a
class discussion k
3 iv) 1 would 3ccept the opinions of scientists on matters in which
1 am not an expert
v) The tnought of presenting a short talk to my class makes me
feel very unconfortable

vi} 1 benefit more from readi;ag a toxt book than frem actively

000000

participating in a class discussion

Figure 8.1: An example of a Likert scale

Fluoridation of Public Water Supplies

centrolled uncontrolled
unnecessary — necessary I
valuable to community ! vorthless to community
. costly inexpensive .
poorly researched well researched
safe dangerous

Figure 8,2: An example of a semantic differential grid
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!

t A major advantage of the method is that the items are fairly easy to
write and mark. [t has, however, been pointed out that the arbitrary
labelling of rating scales (eg —3 to +3 or 1 to §) is statistically groundlcss.:""
Such scores provide only an indication of the relative strengths of
opinions or attitudes between different people. Statist: .ally, it is more
correct to compare differences in the actual numbers of participants
responding to individual items on the scale.

(c) Rating objectives by means of a grid. % Here the objectives of an
exercise are listed, and the student is asked to indicate whether cach
objective has been ‘well achieved’ through to ‘not achieved at all’.

Figure 8.3 gives an example of a grid which was used as part of the
evaluation of the exercise Proteins as Human Food. Such a grid would be
given to students immediately after completing an exercise.

The rating is generally done using a five-point scale, although variations
are possible, This method 1s particularly useful in cases where no other
suitable technique exists for assessing the achievement of certain
objectives, or as a check on other c\aluanon methods.

. (d) Situational zechniques® '™ have been used to assess the modes of
thought and scientific approach of students, as opposed to their attitudes
to science. In such an assessment, the students are confronted witha  /
problem: which in itself need have no scientific content, but which
requires them to think ‘scientifically’ in order to solve it. Situations of
this type involve students using the ‘broader skills’ associated with a
science education (eg problem-solving and decision-making skills), and
rely little on previously learned factual knowledge. Figure 8.4 gives an
example of a sxtuatlon.ll technique used to assess the students’ ability to
control variables,*

. Aithough comparatively hittle work has been done on the use of the

technique, it would appear to have a reasonably high validity compared

with some of the more artificial assessment procedures discussed above.

The method 1s, however, sometimes cumbersome, and questions may be

difficult and time-consuming to construct and apply.

(e) Interviews with students have sometimes been used to assess the
effectiveness of games, simulations and case studies. A well-constructed
interview procedure is, however, not easy to devise, administer and
amalyse effectively, although it would appear that the validity of the
method is high.

The above list of assessment methods is by no means exhaustive, but
it does give examples of some of the techniques which evaluators of
science-based games, simulations and case studies have found useful. They
vary quite markedly in ease of construction and validity. Indeed, an
_inverse relationship appears to exist between these two factors, with
semantic differential and rating objectives techniques being casiest to
construct but probably least valid, and interviews and situational methods
being hardest to construct yet most valid if done well,

" As a resuit, each technique has certain drawbacks, and no single

technique is the best in all situations. In carrying out an evaluation, it is




At the start of this exercise you were given a list of 15 objectives. Please indicate (by means of a tick in the
appropriate box) how siccessful or otherwise, in your opinion, the exercise has been in achieving each objective.

0BJECTIVE 3""

VERY
SUCCESSFUL

FAIRLY
SUCCESSFUL

AVERAGE

NOT VERY
SUCCESSFUL .

DISMAL
FAILURE

To write down the general formula for an a-amino acid

To appreciate the importance of proteins in living systems

To state why certain amino acids are called essential

& W |-

To describe a peptide link and its importance in protein
chemistry :

w

To identify factors contributing to theworld protein problem

7o extract general trends and relevant information from
tabulated data.

To communicate information fluently and grammatically

To argue logically and precisel‘y

To teach others in public i

. To apply a scientific approach to general problems

. To appreciate the value of group discussion for co-operation

dn discovery

“12.

To dentify problems and devise means of solving them-

13. To' Jook for best compromises in matters of conflicting

intérest

4.

To realise the existence of interconnections across subject
barriers

15.

To be aware of the limitations of science in solving some
probleps «
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Figure 8.3: An example o} an objectives rating grid
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Six test runs were made on the same motor-cycle to find out the relative .
importance of four factors when economical performance is required, ie the best
miles per gallon (mpg). From the following results, place the four factors (Typ; ’

- of Petrol, Average Speed, Town or Country Driving and the Experience of the
Driver) in the order in which you think they are important in giving the best mpg?
Give the most important factor a letter A in the box provided, the sccond best a p
letter B, third C and fourth D. ‘
D 1 T t .
et ! Type of Petro? Averije Speed Town o¢ Country faperyenced or LY XN
L R i feostigationt i on Journey 1 Oriving tesrner Driver Hrned
I meb |
: Y l ‘f" 1 1Y ‘ Mataly Lountry Laperrenced i
! Tt iy Ir ® PRILU Country tearner
3 | Yy z ~ { L Hanly Country (-Krngmf
: i ) j" W a1aly Country tearner .
3 . #p ; 3 ‘ Manly Town Giperaences
\ { Wy 3 1 Mamly Town faperienced ’
~
{ Fector l Inporteme
i 1 pe of Petrol : .
| Aversze Spres ‘.
l Town (ountry driving )
| toperrencasiiosrner o /
Criver j .

Figure 8.4: An :;xample of a situational item
,

therefore advisable to use a battery of techniques, using alternative
methods as a check on othrs.

Analysis of results  «

Much tesearch in whigh rating scales are used can be criticized on the
grounds of mnvalid statistics. For example, some researchers have put
arbitrary numbers on scales, added up totals from the various items, and
arnvedat a ‘score’ expressing the students’ attitudes to the subject in
question. This is unreasonable, because the individual items will not
necessanly be measuring the same parameter. It seems obvious, therefore,
that items must be analysed individually. Several methods have been used
for this purpose, including simple statistical analysis (eg chi-square),
graphical methods or even presentation of raw data in cases where small
numbers or other constraints invalidate statistical treatment of results.

While it is important that overall trends should be identified, it is
equally important that individual measurements avhich go against the
general trend should be recognized and explained. For example, it is quite
possible that an exercise which is designed to develop communication
skills may well have an overall beneficial effect but, for one or two
participants, may actually prove inhibiting.

o y l
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Conclusion

Despite the vanous difficulties and prefalls described above, evaluation

is an essential and valuable component of the process by which a game,
simulation or case study is developed or adapted to do a particular job.
The science teachér or lecturer who wishes to use such exercises in his

or her courses is mainly interested 1n finding out whether a partictlar
exercise will work with bis or ber students in bis ur ber classroom, an
whether it is capable of achieving the various educational aims in which
he or she is interested. The best way to answer these questions is to carry
out a well-planned ev aluation, the results of which can then for\\\ the basis
of any necessary modifications to the exercise, thus helping to chsure that
its aims are better achieved next time it is used. We hope that'the
information given in this chapter will help make this task easier. .

~
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Part 2:
Data sheets on science-based exercises




".. Section 1: Physics-based exercises
ALTERNATIVE ENERGY PROJECT
Autbors:H I Ellington & E Addinall
Publisher: The Association for Science Education, College Lane, Hatﬁcld
Herts, AL10 9AA
First publisbed 1980
Type of exercise: manual simulated case study.
Courses for which exercise is suitable: The exercise was spccnally developed
for use in the ASE’s Science in Society AO.level course, and is suitable for
use in science in society and general studies courses at upper secondary and
lower tertiary levels.
Educational aims: to make the participants aware of the technical and
economic feasibility of exploiting different alternative energy resources;
to cultivate interpretative, analytical, decision-making, communication
and inter-personal skills,
Number of participants needed: The exercise is designed for use with a
clnss of up to 20 pupils or students, but can be used equally effectively
with lower numbers (min 5).
Time required: 3 or 4 school periods of roughly 35-40 mmutcs eich or
equivalent. !
Contents of package: teacher’s guide, student booklets.
Special jacilities required: calculators, overhead projector, blank OHP >
transparencies and felt pens.
X Outline of exercise. The Alternative Energy Project is a simplified version
\ of Power for Elaskay (see page 139). The participants have first to carry
out technical and economic appraisals of the different energy resources
available on the hypothetical island of Elaskay, and then develop a
50-year rolling programme for meeting the island’s electricity requirements
by making use of these resources.

q
.
<

CAPACITOR DISCHARGE

: Autbors: D C F Chaundy & R D Masterton
Publisher: Schools Council, distributed by Edward Arnold (Publishers)
Ltd, London
First published: 1978
Price: part of a pack Computers in the Physics Curriculum, edited by
R D Masterton and D C F Chaundy, price £14.00

oo rodded by £
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Type of exercise: computer simulation,
Computer language: BASIC,
Courses for which exercse s suitable physics courses at upper secondary
and lower tertiary levels.
Educational aims. to assist studcnts understanding of the concept of
exponential decay.
Number of participanes needed The exercise can be used either individually
or with small groups. }
Contents of package. teacher’s notes, students’ leaflets, computer program.
Special facilities required interactive computer terminal or microcomputer,
Outlme of exercise. This exercise combines laboratory expeniments with
computations involving simple capacitor circuits,

>

CENTRAL HEATING GAME
Authors: A Cowking, H I Ellington, E Addinall & N H Langton

.« Publisher: The Institution of Elcctncal anmccrs. Savoy Place,
London WC2R OBL .
First published: 1978, .
Price: £9 (inc p & p) '
Type aof exercise a manual multi-project pack based on a simulated case
study.
Courses for which exerase 1s suntable. physics, engineenng science, science ¢
n society, architecture, economics and general studies courses at upper
secondary and lower tertiary levels.
Educational aims. to make the participants aware of thc technical
principles and economics of domestic central heating and insulation, to
culuvate interpretative, analytical, decision making and communication
skills.
Number of particspanes needed Each project is sm(ablc foruse witha
class of up to 24 pupils or students, but can also be used with much smaller
numbers,
Time required: The projects vary in length from 1% - 3 hours.
Contents of package teacher’s guide, introductory booklets, project sheets
and data sheets.
Specual facilities required calculators, overhead projector, blg\k OHP
transparencies and fele pens,
Outline of exercise. The Central Heating Game is a multi-disciphinary
mult-project pack, a new type of educational package that exploits the
same basic set of resource materials in a series of projects designed for use
in the teaching of a wide range of academic subjects (see above). It
contains five basic projects, each of which deals with a Jifferent aspect of
domesuc central heating. All five projects are based on a simulated case
study that involves calculating the heating requirements of a hy pothet:cal
bungalow and examin.ng the cost effectiveness of different central heating
systems and insulation measures.
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CENTRAL HEATING PROJECT

Authors: H 1 Ellington & £ Addinall

Publisher. The-Association for Suience Education, College Lane, Hatfield,
Herts AL1O 9AA

First published: 1980

Type of exercise 2 manual malti-project pack based on a simulated case
study. ’

Courses for which exeruse 1s suntable The exercise was specially developed
for use in the ASE's Science 1n Society AO level course, and is suitable for
use 1n saence 1n society and general studies courses at upper secondary and
lower tertiary levels.

Educational aims. to make thc participants avsare of the principles and
economics of domestic central heating and insulation, to cultivate

inter pretative, decision-making and communication skills.

Number of participants needed. Each project is suitable for use with a
class of up to 20 pupils or students but can be used equally ef fectively
with smaller numbers, .

Time required. Each project requires 2 school periods of roughly

35 - 40minutes each or equivalent.

Contents of package: teacher's guide, student booklets.

Specual facilitses required overhead projector, blank OHP transparencies
and felt pens. -

Outline of exercise. The Central Heating Project is a greatly snmphflcd
adaptation of the Central Heaung Game (see page 130). Like the latter,

it takes the form of a mulu-project pack and is based on a simulated case
study on domestic central heating and insulation. It contains three basic
projects, dealing with different aspects of the central heating and
insulation of five different types of house. It involves no technical
calculanons, and 1s therefore suitable for use with students who lack a
scientific or technical background.

€
CIRCUITRON *
Authors: } Megarry & M Roebuck
Publisher. Crrcmatron was onglnally published by Griffin and Gcorgc Ltd
1n 1972, but is now out of print. It should soon be available from a new
publisher. For details, contact Miss J Megarry, Scottish Microelectronics
Development Programme, 74 Victoria Crescent Road, Glasgow G12 9JN
Type ofgxercise: board game.
Courses for which exercise s suitable. The exercis® is designed for use in
teachung clectrical arcuit theory at a wide range of levels from late primary
through secondary to early tertiary. It can be used in general science,
physics, clectronics and clectrical engineering courses,
Educational aims. to consolidate and reinforce new ideas about electric
circuits just discovered in the laboratory or classroom. .
Nuntber of participants needed. ‘The game package is designed for use by
up to 4 people and, by using multiple sets of the package, the exercise can
be used with a class of any size.
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Tume required Each game n the package requires 2 mimmum of 10 - 15
ntinutes, plus an minal familiarization time of 10 - 30 minutes. .
Contents of package board, set of playing peces, game manual (for use
+ by teacher or students).
Special facilities required: none.
Outline uf eaercise Circuitron is not a single game, but a fanuly of games
ranging from very simple to very difficult. In cach game, a player (or, pair
of players) draws a *hand’ of playing preces (cardbbard rectangles
representing electrical components such as cells, $witches and bulbs) and
tries to fit these into sluts in the board in such a way as to make a valid
electrical circuit, Each type of playing piece has an assigned value, and
points are scored according to the total value of the pieces in the circunt
furmed. The difficulty of the gime is controlled by (a) varying the number .
and ty pe of pieces used and (b) vary ing the detaded rules by which circuits
can be formed.

~

ENERGY CONVERSIONS
Autbors: R D Stamp & W Harrison
Publisher Lungman Group 1.td, Resources Unit, 9/11 The Shambles, York
Fust published: 1975 -
Price. £0.55 ;
Type of exerense board game.
Courses for whih exercise is statable physics courses at middle to upper
. secondary school level.

Educational aims  to mahe the parucipants aware of the importance of the
sun as an energy source (direetly and induwrectly) on earth, and of the
mter-relationships berween different furms of energy such as mechanical,
heat, radiang, chenueal and electnical, in addition the exerise is designed

: to develop literary skills,
Number of participants needed 6 players working in pairs.
Tume requared. 1 school double pertod of roughly 1% - 1% hours,
Contents uf package. A4 bookletin which the three outer sheets (of thin
card) form the two play ing boards and other game materials, The mner
sheets (uf paper) constitute an 8-page background reader/instructional
booklet for the pupils.
Special factlities required scissors, 60 pieces of card on which to wnite
questions, felt pens in 6 different colours.
Qutline uf exerase Energy Converswns is playedan 2 parts, In the first,
each pair of players imwially prepares 15 - 20 quesuons which relate to
thar energy class (food and solar energy, fuels and awr and water), In
additton each player prepares 2 questions relating to nuclear energy, Each
player has then to progress along board 1 to an energy class different from
the one from which he started, by answering the questions set by
colleagues, In the second (using board 2), each player has to move around
the board, which represents the different energy interconsersion processes,
collecting tokens on the way.
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FLOW THROUGH A NOZZLE vt T Y
- Inquiries: R Lewis, Educational Computing Section, Chelsea College,
- Pulton Place, London W6 SPR ,
- First publisbed: 1977 3

Type of exercise: computer simulation, .
-Compufer language: BASIC or FORTRAN. ,
Courses for which exercise is suitable: physics courses at tertiary level.
Educational aims: to reinforce teaching on flow through nozzles.
Number of participants needed: The exercise can be used eitler
individually or with small groups. ”

-

i Time required: L hour.
- Contents of package: teacher's guide, students’ notes, computer program.
= .Special facilities requiréd: gtaphics terminal. | .

Outline of exercise: The studentspecifies the exact pressure of a de Lavel
. ngzzle. The program displays the nozzle profile beneath a plot of pressure
gainst position along the nozzle, and also any shock waves which occur.
* FREE FALL WITH AIR RESISTANCE o
Inquiries: R Lewis, Educational Computing Section, Chelsea College,
Pulton Place, London SW6 5PR
First publisbed: 1977 )
Type of exercise: computer simulation.
Computer language: BASIC or FORTRAN. Lo
urses for wbict\exerc‘ig is suitable: physics courses at tertiary level,
ational aims: to allow students to study the motion of a body falling
under gravitational forces in a resisting medium. '
Number.of participants needed: The exercise can be used ¢ither ¢
individually or with small groups.
Time required: 1 hour.
Contents of package: teacher’s guide, students’ notes, computer program.
Special facilities required: graphics terminal. —
Outline pf exercise: The first part of the program allows students to plot
~welocity-time and distance-time graphs for differenc.initial and terminal
velocities, and different power laws of air resiStance. The s¢cond part
simulates a parachute jump and the user can search for the time of vpening
needed in order to reach the ground safely in 2 minimum time.

L. C
E

’

.

GASEOUS DIFFUSION Y. " >
Authors: R D Masterton, J Harris & R Lewis .
Publisber: Schools Council, distributed by Edward Arnold (Publighcrs) Lid,

London .
First published: 1978 —-—/
Price: part of a pack Computers in the Physics Curriculum, edited by
’ R D Masterton and D C F Chaundy, price £14.00
Type of exercise: computer simulation.
Computer language: BASIC.
Courses for which exercise 1s suitable: physics courses at upper secondary

and lower tertiary levels.
5 -
12 3 . v
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Educational aims to enable study in depth of (2) why the mnlecules of 2
diffusing gas always spread out, and (b) why the molecules of a diffusing
gas will never come together in one place.

Number of participants needed: The exercise can be used either
individually or with small groups.

Contents of package teacher’s notes, students’ notes, computer program.
Special facilities required. interactive computer terminal or microcomputer.
Outline of exeycise The exercise involves an extended study of simple
models of gascous diffusion, progressing from shuffling counters at
random to an understanding of the statistics of 1 million particles moving
at random between 2 halves of a box.

GRAVITATIONAL FIELDS
Author: ] Harris
Publisher Schools Council, distributed by Edward Arnold (Publishers)
Ltd, London
First publisbed: 1978
Price part of a pack Computers in the Physics “urriculum, edited by
R D Masterton and D C F Chaundy, price £14.00
Type of exercise. computer simulation.
Computer language: BASIC,
Courses for which exercise is suitable, physics courses at middle
sccondary level,

Fducational aims to improve students’ understanding of what is meant
by escape velocity.
Number of participants needed. The exercise can be used cither
individually or with small groups.
Contents of package teacher’s notes, students’ notes, computer program. .
Spec ial facilities required interactive computer terminal or microcomputer,
‘Outline of exercise This simulation involves an investigation of simple
gravitational motiun, and deals with the maximum distance travelled by
ob;ects launched vertically. It a:tcmpts to teach the meaning of the term
‘escape velocity’.

H¥MWOPOWER

Authors: H I Ellington & E Addinall

Publisher "The Institution of Electrical Enginecrs, Savoy Place, London

WC2R OBL

First published: 1977

Price: £15 (incp & p)

Type of exercise 3 manual multi-project pack based ona SImulatcd
case study.

Courses for which exercise is suitable. physics, engineering science, science

in society, geography, economics and general studies courses at upper

secondary and lower tertiary levels, :

Educational aims to make the participants aware of the technical

principles and econumics of hydro-elcctric pumped storage, to cultivate

mtcrprcmnvc analytical, decision- -making, communication and .
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inter-personal skills.

Number of participants needed: Each project is suitable for use with a
class of up to 24 pupils or students, but can also be used with much
smaller numbers.

Time required: The projects vary in length from 1 - 3 hours.

Contents of package: teacher’s guide, introductory leaflets, background
leaflets, maps, data sheets and project sheets.

Special facilities required: calculators.

Outline of exercise: Hydropower is a multi-disciplinary multi-project pack,
anew type of educational package that exploits the same’basic set of
resource materials in a series of projects designed for use in the teaching
of a wide range of academic subjects (see above). It is based on a scenario
that involves finding the best site for 2 1000 MW hydro-clectric pumped
storage scheme in a hypothetical area near the west coast of Scotland

and carrying out a detailed design study on each of the possible schemes.
‘The scenario was used as the hasis of the-Hydgopower 77 competition

run by the North of Scotland Hydro-Electric Board for Scottish secondary
schools in 1976-77. The package contains 6 basic projects, each of which
deals with 4 different aspect of the scenario.

INTERP (UNIT ON WAVE SUPERPOSITION)

Author: ] Harris

Publisher: Edward Arnold (Publishers) Ltd, London (Chelsea Science
Simulatioh Project)

First publishbed: 1977

Price: £7.25

Type of exercise: computer simulation.
Computer language: BASIC.

Courses for which exercise is suitable. .physics courses at upper secondary
and lower tertiary levels. )

Educational aims: to focus students’ attention on the physical model used
to explain ‘interference and diffraction observations in a way that, because
of the mathematics involved, is not easy to do without 2 computer; to
encourage 2 more critical attitude to the use of models in physics in

general by emphasizing and investigating some of the assumptions made

‘in this example’. ,

Number of participants needed: The exercise can be used either
individually or with small groups.

Time required: 1% - 2 hours.

Contents of package: teacher’s guide, students’ notes, computer program.
Special facilities required: interactive computer terminal or microcomputer.
Outline of exercise: The computer program calculates the intensity due

to the superposition of radiation from two sources, or two slits. The
program can be used for three investigations with an optional extension,
in which students can use a more complex model to investigate the effects
of the direction and distance factors, and of the number of secondary
sources in each slit. . =

. " “ . ‘. . | .
EMC p . * 1‘)*-‘ . 4 .

-

~

IToxt Provided by ERI




-

136 GAMES AND SIMULATIONS IN SCIENCE EDUCATION

KEEPING WARM

Authors: R D Stamp & W Harrison

Publisher: Longman Group Ltd, Resources Unit, 9/11 The Shambiles,
York

First published: 1975

Price: £0.55

Type of exercise: board game.

Courses for which exercise is suitable physics courses at upper secondary
level.

Educational aims: to help the participants understand the way in which
heat losses from a house can be determined and how these heat losses can
be reduced by introducing a range of insulation measures.

Number of participants needed: 2 - 4 phayers.

Time required: 1 school double.period of roughly 1% - 1% hours.
Contents of package: A4 booklet whose outer sheets (of thin card) are
used to prepare the board and other playing materials. The inner sheets
(of paper) constitiite an 8-page background reader/instructional bookiet
for the pupils.

Special facilities required: scissors to prepare playing materials,
matchsticks for mounting spinners, electronic calculators.

Outline of exercise: The board represents a house which has to have its
heating requirements determined (the areas of possible heat loss being
identified). The participants have to determine (2) the heat losses and
(b) sites of heat sources and the heating réquirements. They then look

‘into the advantages of insulation measures. Finally, once their system s

complete, the reverse of the game board is used to complete a fuel cost
and U-value analysis.

MASS SPECTROMETER

Author: R D Masterton

Publisher Schools Council, distributed by Edward Arnold (Publishers)
Ltd, London

First published: 1978 .

Price part of a pack Computers in the Physics Curriculum, edited by
R D Masterton and D C F Chaundy, price £14.00

Type of exercise: computer simulation.

Computer language: BASIC.

Courses for which exercise is suitable. physics courses at upper secondary
and undergraduate levels.

Educational aims. to allow students to acquire an understanding of the
physics of tlie mass spectrometer in terms of the instrument itself,
methods of 2btaining useful output and interpretation of output.
Number of participants needed: The exercise can be used either
mdnvndually or with small groups.

Conténts of package teacher’s notes, students’ lcaﬂcts computer program.
Special facilities required interactive computer terminal or microcomputer.

Outline of exercise: The exercise is a simulation of 2 mass spectrometer

v
)
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experiment which leads students towards the eventual identification of
ions in an ‘unknown sainple’. Investigations from a range of supplied
samples may be tried, and further samples can be added to the simulation.

NEWTON (UNIT ON SATELLITE ORBITS)

Author: } Harns -

Publisher: Edward Arnold (Publishers) Ltd, London (Chelsea Science
Simulation Project)

First published: 1975

Price: £7.25

Type of exercise: computer simulation.

‘Computer language: BASIC.

Courses for which exercise is suitable. physncs courses at middle and upper
secondary levels.

Educational aims. to extend students’ knowledge of projectile motion; to
appreciate how the application of Newton’s second law and his law of
gravitation lead to the prediction of satellite orbits; to create an awareness
of the possible shapes of orbits; to apply the idea of conservation of energy
in a new situation.

Number of participants needed: The exercise can be used either
individually or with small groups.

Time reQuired: 1'% - 2 hours,

Contents of package. teacher’s guide, students’ notes, computer program.
Special Facilities required. interactive computer terminal or microcomputer.
Outline of exercise: The computer program uses an iterative méthod to
calculate the path of a projectile launched horizontally. An introductory
text and a series of questions prepare the student for work at the terminal.
The student is challenged to find the initial velocity nceded for the
minimum (circular) orbit.

PBARR

Author: C Aust (available from the author at the School of Physics,
Robert Gordon’s Institute of chhnolcgy, Aberdeen)

First published: 1979

Type of exercise: computer snmulanon.

Computer language: BASIC. .

Courses fof which exercise is syitable. physics, chemistry and engineering
courses at upper tertiary level.

Educational aims. to enable the student to investigate the phenomenon of
quantum-mechanical penetration of a potential barrier by 2 beam of
particles,

" Number ofpamcxpants needed: 1 or 2.

Time required; roughly 30 minutes.

Contents of package: students’ notes, computer program.

Special facilities reqmred interactive computer terminal, pocket calculator.
Outliie of exercise: The program requests the height and width of the
barrier and the mass and energy of the particies. It responds by prmtmg

l ) r~,
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" out the probability of penetration of the barrier by the particles. The

effect of varying cach or all of the parameters can be examined.

PHOTO-ELECTRIC EFFECT =

Authors: M Doss & R D Masterton

Publisher: Schools Council, distributed by Edward Arnold (Publishers)
Ltd, London

First published: 1978

Price: part of a pack Computers in the Physics Curriculum, edited by

R D Masterton and D C F Chaundy, price £14.00

Type of exercise: computer simulation.

Computer language: BASIC.

Courses for which exercise is suitable: physics courses at upper secondary
and lower tertiary levels.

Educational aims. to provide students with simple practical experience of
photo-¢lectric emission, to enable students to understand the development
of Einstein’s photo-¢lectric equation; to enable students to understand
how Millikan's photo-clectric experiment was used to confirm Einstein’s
equation.

Number of participants needed: The exercise can be used either
individually or with small'groups.

Contents of package. teacher’s notes, students’ leaflets, computer program,

Special facilities required. interactive computer terminal or microcomputer.

Outline of exercise This computer exercise is designed to be used in
conjungtion with a series of more formal laboratory experiments. It

: involves a simulation of the photo-clectric effect followed by a simulation
of Millikan’s apparatus.

PHYSICS CROSSWORDS

Authors: A G Hudson & CM Eveling

Publisher. Sigma Technical Press, 23 Dippons Mill Close, Tettenhall,
Wolverhampton WV6 8HH

First published: 1978

Price: £1.25

Type of exercise: set of crossword puzzles,

Courses for which exercise is suitable. physics courses at middle and
upper secondary level (specifically designed for English O- and A-level
courses).

Educational aims. to serve as a reinforcement and revision tool covcrmg
all aspects of physics included in the above courses.

Number of participants needed. can be used with groups of any size or
for private study.

‘Time required. Each crossword requires roughly 30 minutes to complete.

Contents of package: teacher’s guide, set of 20 crosswords (1 copy of
cach) with solutions. . - .

Special facilities required: none,

Outline of exercise: The participants complete the crosswords in the
:onventional way. The 20 puzzles in the pack are designed for use at
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|
|
' different levels and cover different branches of physics (heat, light,
' electricity, etc).

PLANETARY MOTION
Authors: D C F Chaundy & R D Masterton
Publisher. Schools Council, distributed by Edward Arnold (Publishers)
Ltd, London
First publisbed: 1978
Price. part of a pack Computers in the Physics Curriculum, edited by
R D Masterton and D C F Chaundy, price £14.00

o Type of exercise: computer simulation.
Computer language: BASIC.
Courses forwbich exercise is suitable: physics courses at middle and
upper secondary levels,
Educational aims: to assist in the teaching of elementary ideas of
astronomy, simple relationships between variables, and Newton’s law
of gravitation and its applications.
Number of partitipants ne ded: The exercise can be used cither
individually or with small groups.
Contents of package. teacher's notes, students’ notes, computer program.
Special facihties required. interactive computer terminal or microcomputer,
Outline of exercise. Students analyse real and gencrated orbit data which
lead them towards the laws of planetary motion. At the younger level, this
exercise is suitable for students who are learning about direct
proportionality, while for older students the exercise also covers simple
Newtonian gravitation applied to orbit theory.

.

POWER FOR ELASKAY

Authors: H1 Ellington & E Addinall

Publisber: The Institution of Electrical Engineers, Savoy Place,
London WC2R OBL

First published: 1978 )

Price: £7.00 (incp & p) '

Type of exercise. a structured lesson built round a (manual) simulated

case study.

Courses for which exercise is suitable. physics, enginecring science, science

in society and general studies courses at upper secondary and lower -
tertiary leve's. R

Educational aims. to make the participants aware of the technical and
economic feasibility of exploiting different alternative energy resources;
to cultivate interpretative, analytical, decision-making, communication
and inter-personal skills.

Number of participants needed: The exercise is designed for use with a
class of up to 25 pupils or students, but can be used with lower numbers
(min §).

Time required. 5 school periods of roughly 35 - 40 minutes each or
cquwalcnt (mcludmg preliminary lesson).
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Contents of package teacher’s guide and background booklet, introductory
. sheets, project sheets and work sheets.
Special facilities required. calculators, overhead projector, blank OHP
transparencies and felt pens.
Outline of exercise: Power for Elaskay is a <tructured lesson on alternative
encrgy built round a simulated case study. It is based on the hypothesis
that Elaskay, an imaginary island supposedly located somewhere off the
west coast of Scotland, has to replace its existing electricity generating
plant over the next few years and has decided to meet its future electricity
requirements by exploiting its natural energy resources — peat, solar
energy, wind energy, tidal energy and hydro-clectric power. The
participants have to carry out technical and economic appraisals of
cach of these resources and then devise a 50-year rolling programme for
meeting the island’s future electricity needs.

POWER STATION PROJECT

Author: H 1 Ellington & E Addinall

Publisher The Association for Sciencs Education, Ccilege Lane, Hatfield,
Herts AL10 9AA

First published: 1980

Type of exercise: manual simulated case study.

Courses for which exercise is suitable. The exercise was specially developed
for use in the ASE's Science in Society AO level course. and is suitable for
use in science in society and general studics courses at upper secondary
and lower tertiary levels,

Educational aims to make the participants aware of the basic technical
principles and economics of electricity generation and of how power
stations are planned, to cultivate interpretative, analytical, decision-making,
communication and inter-personal skills.

Number of participants required The exercise¢ is designed for use with a
class of up w0 24 pupils or students, but can be used equally effectively with
smaller nu.abers (min 6).

Time required: 3 school periods of roughly 35 - 40 minutes each or
equivalent.

Contents of package teacher's guide, student booklets, maps and other _
resource materials.

Special facilities required calculators, overhead projector, blank OHP
transparencics and felt pens.

Outline of exercise The Power Station Project is a highly abridged, greatly
simplified version of The Power Station Game (see page 144). Like the
latter, it is based on the hypothesis that a policy decision has been reached
to build 2 2000 MW power station in a certain (imaginary) area. The object
of the exercise is to draw up plans for three alternative schemes (a coal-
fired station, an oil-fired station and a nuclear station) and then to decide
which should be built.
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PSTEP

Axthor. C Aust (available from the author at the School of Physics,
Robert Gordon’s Institute of Technology, Aberdeen)

First published: 1978

Type of exercise: computer simulation.

Computer language: BASIC.

Courses for which exercise 1s avalable physics, chemistry and engineering
courses at upper tertiary level.

Educational aims. to enable the student to investigate the phenomenon of
quantum-mechanical reflection and transmission of a beam of particles by
a potential step without the need for extensive numerical calculation.
Number of participants needed: 1 or 2.

Time required: % - 1 hour.

Contents of package: students’ notes, computer program.

Special facilitses required interactive computer terminal, pocket calculator.

Outline of exercise. The program requests the height of the potential step
and the mass and energy of the incident particles. [t responds by printing
the real part of the wave function for the incident, reflected and
transmitted beams, together with the coefficients of reflection and
transmission, The wave function may be displayed in tabular and/or
graphical form. The effect of varying each or all of the parameters can

be examined. >

PWELL

Author: C Aust (available from the author at the School of Physics,
Robert Gordon's Institute of Technology, Aberdeen)

First publisbed: 1978

Type of exercise: computer simulation.

Computer language: BASIC.

Courses for which exercise is suitable physics, chemistry and engineering
courses at upper tertiary level.

Educational aims. to enable the student to investigate the dependence of
the energy eigenvalues available to a particle in a potential well of finite
depth on the depth and width of the well and the mass of the particle.
Number of participants needed: 1 or 2,

Time required: roughly 30 minutes.

Contents of package. students’ notes, computer program.

Specul facilitses required. mteractive computer terminal, pocket calculator.

Outline of exercise. The program requests the depth and width of the
potential well and the mass of the particle. It responds by printing the
quantum numbers and energy eigenvalues, measured from the top of the
well. The effect of varying each or all of the parameters can be examined.

RADIOACTIVE DECAY

Authors: B Samways & R D Masterton

Publisher. Schools Council, distnbuted by Edward Arnold (Publishers)
Ltd, London

'-’-'*" published: 1978 {

IRC . 13
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Price: part of a pack Computers in the Physics Curriculum, edited by

R D Masterton and D C F Chaundy, price £14.00

Type of exercise: computer simulation.

Computer language: BASIC.

Courses for which exercise is suitable: physics courses from middle
secondary to lower tertiary level.

Educational aims to illustrate the exponential nature of radioactive decay,
to provide an introduction to the concept of a radioactive series and how
cquilibrium in a series can occur; to teach thepicaning of common
radioactive terminology. - N

Number of participants needed: The exercise can be used cither
individually or with small groups.

Contents of pdckage teacher’s notes, students’ leaflets, computer program.
Special facilities required interactive computer terminal or microcomputer.
Outline of exercise This exercise combines laboratory investigations with
computerized models of simple and series radioactive decay phenomena.

SATELLITE MOTION

Iiquiries R Lewis, Educationai Computing Section, Chelsea College,
Pulton Place, London SWé6 5PR

First published: 1977

Type of exercise: computer simulation.

Courses for which exercisg is suitable. physics courses at tertiary level.
Educational aims to increase students’ understanding of the relationship
between the energy of a satellite and the corresponding orbit.

Number of participants needed: The exercise can be used either
individually or with small groups.

Time required: 1 hour.

Contents of package. teacher’s guide, students’ notes, computer program.
Special facilities required: graphics terminal.

Outline of exercise The student determines the launching angle and speed
of the satellite, although he may change the satellite speed, and thereby
the orbit, after the launch. The corresponding orbit is displayed on the
graphics terminal, with the corresponding energy diagram.

SCATTER (UNIT ON PARTICLE SCATTERING)

Author: ] Harris

Publisber: Edward Amold (Publishers) Ltd, London (Chelsca Science
Simulation Project)

First publisbed: 1975

Price: £7.25

Type of exercise: computer simulation.

Computer language: BASIC.

Courses for which exercise is suitable. physics courses at upper secondary
and lower tertiary levels,

Educational aims to introduce students to the notion that by bombarding
~n object with, particles one can learn something of its nature (shape,
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2 .

size, etc) from the scattering it produces, to increase understanding of the
. use of models in physics; to give some appreciation of the achieverient
of Rutherford, Geiger and Marsden.
Number of participants needed: The exercise can be used either
individually or with small groups.
Time required: 1'4 - 2 hours.
Contents of package. teacher’s guide, students’ notes, computer program.
Special facilities required. interactive computer terminal or miciocomputer.
Outline of exercise. This unit is designed to complement more traditional
methods in teaching about the ‘Rutherford’ scattering experiment. There
are three parts to the unit. In the first simulation ‘marbles’ are scattered
by hard, massive objects of regular shape. The second involves particles
scattered by 2 hard object or by an ‘inversesquare scatterer’. The final
simulation involves the scattering of alpha particles by a thin foil, using
a simple nuclear model.

»

THE ELECTRIC CIRCUIT

Authors: R D Stamp & W Harrison

Publisher. Longman Group Ltd, Resources Unit, 9/11 The Shamblcs.

York

First published: 1975

Price: £0.55

Type of exercise: board game.

Courses for which exercise is suitable physics courses at 1vic.dle to upper

secondary school Jevel.

Educational aims. to make participants aware of the roles played by

electrical components (cells, ammeters, voltmeters, resistances, bulbs, etc)

in electrical circuits, to help the participants gain experience of simple

electrical circuit design.

Number of participants needed: 2 - 6 players.

Time required. 1 school double period of roughly 1% - 1% hours.

Contents of package: A4 booklet, in which the outer 3 shects (of thin

card) form the board, playing materials and electrical circuit cards. The

inner sheets (of paper) constitufe an 8-page background reader/

instructional booklet for the pupils.

Special facilities required. scissors, felt pens in 6 different colours,

2 matchsticks for mounting spinners.

Outline of exercise The participants first select an individual electrical

circuit card which they wish to study (each circuit is made up of 7

components). They then move round the board, which represents an

electrical circuit containing a selection of common components connected
. inscries and in parallel, collcctmg as they go the electrical components

they need to build the circuit shown on their card. The players thien

calculate any meter shunt/multiplier values in their ¢hosen circuit.

. ERIC . 13y
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THE POWER STATION GAME

Autbors. H 1 Ellington (editor), E Addinall, T Carnie, A G Garrow,

J Graham, K Jackson, N H Langton & J R Muckersie

Publishér: The Institution of Electrical Engineers, Savoy Place,

London WC2R OBL

First published: 1976; revised 1979

Price: £25 (inc p & p)

Type of exercise: manual simulazion game,

Courses for which exercise 1s suitable. physics, engineering, sciehce, science
in society and general studies courses at upper secondary and lower
tertiary levels.

Educational aims: to make the participants aware of the technical
principles and economics of electricity generation and of how power
stations are planned, to cultivate interpretative, analytical, decision-making,
communication and inter-personal skills.

Number of participants needed. optimum number 18 (min 12, max 24).
Time required: roughly 2 - 24 days.

Contents of package: Teacher's guide, introductory booklets, data
booklets, maps, jnstruction shects, etc.

Special facshities required. calculators, overhead projector, blank OHP
transparencies and felt pens.

Outline of exercise. The Power Station Game is based on the hypothesis
that a policy decision has been reached to build a 2000 MW power station
in a certain (imaginary) area; the object of the exercise is to reach a
decision as to what type of station should be built (coal-fired, oil-fired

or nuclear) and where it should be sited. The participants are divided into
three competing teams, each of which has first to prepare and then
present a case for building one particular type of station. An independent
jury selects the best scheme, and the exercise is then brought to a
conclusion by holding a simulated public inquiry into this scheme.

THE SOLAR SYSTEM — SPACE PROBE
Authors: R D Stamp & W Harrison
Publisher: Longman Group Ltd, Resources Unit, 9/11 The Shambles,
York
First published: 1975
Price: £1.10
Type of exercise: board game.
Courses for which exercise is suitable. physxcs courses at upper secondary
level. .
Educational atms. to help the participants undcrstand the way in which
the relevant laivs of Ph)’SlCS can bc applied to space travel within the
solar system.
Number of par:xctpams needed: 2 - 6 players.
Time required: 1 school double period of roughly 1% - 1% hours.
Contents of package. 2 A4 baoklets whose outer sheets (of thin card) are
used to prepare the board and other playing materials, The inner sheets

. (of paper) constitute 2 - 8 page background readers/instructional booklets
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for the pupils.

Specual facilities required. scissors to prepare playing materials, matchsticks
to mount spinners, electronic calculators.  ~

N Outline of exercise. Thegame is in two parts. In the first, the participants
take the role of flight directors in charge of 4 manned, fact-finding probe
40 one of the planets. They have to calculate thrust requirements for their
destination and prepare a reference trajectory which they hope to fellow
in the sccund part (they are given control sheets to fill in at this stage).
The required trajectory is then plotted on their control sheet for future
reference. In the second, they move over the board (which simulates the
solar system) from the launch-point to the target planet and back to

carth in stages, answering questions at each stage. The winner is the first
probe to splash down, having successfully completed its mission.

Section 2: Chemistry-based exercises

A FERTILIZER TO ORDER (CHEMISTRY IN ACTION - 8)
Author: N Reid
Publisher: Heinemann Educational Books, London
First published: 1980

\ Price. part of a textbook Chemistry About Us by A 4 Johnstone,
T I Morrison and N Reid.
Type of exercise: manual case study. "
Courses for which exercise is suitable: chemistry courses 2t middle
secondary level (specifically designed for Scottish O Grade).
Educational aims. to give the participants some basic knowledge of the
chemiical nature of fertilizers, awareness of some of the factors that
influence choice of fertilizers, and awarensss of the contribution of
chemistry to food production; to help cultivate inter-personal,
communication and data-handling skills.
Number of participants needed: groups of 3 or 4, 0
Time required: roughly 60 minutes.
Contents of package. part of textbook (one textbook required per
participant).
Special facilities required: none.
Outline of exercise. Pupils consider data provided on a range of compounds
which might be useful in designing a fertilizer. They have to select suitable
compounds, and then carry out a costing in making a tonne of the
fertilizer mixture. )

A PROBLEM FOR THE CHEMIST

Author: N Reid

Jublisher. Scottish Council for Educational Technology, Dowanbhill,
Victoria Crescent Road, Glasgow

First, published: 1917

Price: £4.50

Type of exercise: manual case study. N -

C~+rses for which exercise is suitable. chemistry courses at middle

ERIC o -
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h . secondary leyel (designed specifically for Scottish O Gradg). L )
* Educational aims: to develop (a) an awareness of the impartance of
nitrogen and fertilizer production in world food problems; (b) an
understanding of the key importance of research and iys motivational
aspects. .
Number of partcipants needed: any number up to 20,
Time required: 1 scliool pcnod of roughly 40 - 45 mmutcs
Contents of package: tape and boaklets.
Special facilities required: cassette player.
Outline of exercise: A tape guides the pupils throtgh a short booklet, in
which the history of nitrogen is discussed, and the present industrial
practice outlined. The booklct ends with a series of questions that must.
be faced in the future.
r A}
BATCH OR FLOW ; N
Autbor: N Reid
Publisher: Education Division, The Chemical Society, Burlington House,
Piccadilly, London W1V 0BN
First published: 1979 '
Price: £1.50
Type of exercise: manual case study.
Courses for which exercise is suitable. chemistry courses at upper
tertiary level.
Educational aims. by allowing students to take a series of simulated
production and design decisions, to help them appreciate the way in
which the chemical mdustry is rndlcally different from the type of
chemistry they encounter in traditional courses.
Number of participants needed: 6 or more. )
Time required: roughly 3 hours.
Contents of package. teacher's guide, briefing and resource sheets for
participants.
Special facilities required: none.
Outline of exercise: Students are faced with the problem of an |
explosive (PETN), which 1s obtained in an impure form from its sy nthesis.
Thcy have to select a solvent that is suitable for a possible purification
ptoccss The next step is to obtain pure crystals of PETN from this solvent.
Finally, they have to consider two possible process routes (batch or flow),
and make recommendations for rescarch which should be considered.

-"

CASE STUDIES IN CHEMICAL ENGINEERING

Publisber. 1CI Educational Publications. Obtainable from The Kynoch

Press, Thames House North, Millbank, London SW1P 4QG

First published: 1974

Price: £1 for 10 (or 25p per copy) " .
| Type of exercise: manual case studies. \
" .+ Courses for which exercise is suitable: chcmxstry courses at upper

secondary level. .

@ " lucational g.ms. to help the pamcnpants npprccmc the cole of chemical
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engineering in a modern techndlogical society.
" Number of participants needed. depends on number of copies available —
* no specific restriction.
Time required: up to 1 hour for each case study.
Contents of package: self-contained booklet.
Special facilities required: none.
Outline of exercise: The package contains 5 structured case studies which
" can be used as the basis of taught lessons or individual study. The case
.studies have the following titles:
1. Aniline: manufacture by continuous liquid phase hydrogcnatlon.
2. Lime: the conversion of lime kilns from coal to gas firing.
3. New Protein: design and scale-up of a protein fermenter.
4, Tetrafluoroethylene: manufacture by steam pyrolysis.
5. Sulphuric Acid: removal of sulphuric acid mist from plant exhaust
gases.
CHEM BINGO
Autbor: RL Gang
Publisher. Teaching Aids Co, 925 South 300 West, Salt Lake City,
‘Utah 84101, USA
First published: 1971
Price: $6.00
Type of exercise: manual game
Courses for which exercise is sujtable: chcmxstry and general science
courses at middle secondary level.
Educational aims. to help the participants memorize the symbols of
different ions and elements.
Number of participants needed: The game <.an be used with a class of
any size,
Time required: at the discretion of the teacher.
Contents of package. 4 pads of Bingo Game Sheets (consumable), 2 call
* lists {elements and ions)
Special facilities required. 25 cover pxcccs per player, or a pencil for each
student.
Outline of exercise. The game is played in the same way as conventional
Bmgo using the call lists included in the package.
4 4
CHEM CHEX
Author: R L Gang
Publisher. Teaching Aids Co, 925 South 300 West, Salt Lake Cxty,
Utali 84101, USA
First published: 1971
Price: $9.95
Type of exercise: a family of 5 board games.
Courses for which exercise is suitable. chemistry and general science

~

courses at middle secondary level. -

Educational aims. to develop an understanding of elements and ions and
rhr \vay in which they combine to form chemical compounds.

~ ERIC o
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Number of participan’:s needed: 2 - 4.

Time required: 20 - 30 minutes.

Contents of package. checker (draughts) board, set of checkers (draughts),
punch-out lxbcls chemical formulae chart, mstrucnonbooklct and pcnodnc
table.

Special facilities requxred none.

Outline of exercise: Chem.Chex is a family of five games that vary
consxdcrably in difficulty. They are all playcd with checker (draught)-like
picces on a checker (draught) board, using basically-the same rules is

* checkers (draughts). The gamcs end when all the pieces of one player or
team have been captured, the winner being the player or team with

most points; not most pieces. -

»*

== CHEM CUBES ELEMENTS
Author: R L Gang
Publisher: Teaching Aids Co, 925 South 300 West, Salt Lake City,
- Utah 84101, USA
First published: 1972
Prite: $7.00
Type of exercise: series of 8 manual games.
Courses [or which exercise is suitable: chemistry and general science
courses at middle secondary level. _ -
Educational aims. to develop understanding of the elements and the use
of the periodic table.
Nuimber of participants needed: 4 - 6.
Time required: 30 - 45 minutes.
Contents of package. 6 wooden cubes, shaker cup, score pad, instruction
booklet.
Special facilities required. periodic chart of elements (can be obtained
free by writing to Publications'Business Manager, Merck & Co Inc,
Rahway, New Jersey 07065, USA). -
Outline of exercise Each person rolls the same cube, and determines the
atomic number of the'element rolled from the periodic tablé, the playcr
with the highest score then plays first. Play consists of rolling cubes, and _
giving the answer for the combination rolled, points being scored for
correct answers. One round is completed when everyone has had a turn
to roll the cubes; 12 rounds complete the game. The 8 games in the series
“are arranged in a sequence covering the range of skills to be mastered.
Students are also encouraged to devise their own games.

L

' CHEMICAL CROSSWORDS
Autbors: A G Hudson & S Hind .
Publisher Sigma Technical Press, 23 Dippons Mill Close, Tettenhall, .
~ Wolverhampton WVé6 8HH "
First published: 1977
Price: £1,25 \
Type of exercise: set of crossword puzzles.
Courses for which exercise is suitable. chemistry courses at middie and

Q
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upper secondary. level (specifically designed for English O- and A-level
courses), -

Educational aims: to serve as a reinforcement and revision tool covering
all aspects of chemistry included in the above courses.

Number of participants nzeded: can be used with groups of any size or
for private study.

Time required: cach crossword requires roughly 30 minutes to complete.
Contents of package: teacher’s guide, set,of 20 crosswords (1 copy of
each) with solutions.

Special facilities required: none.

Outline of exercise: The participants complete the crosswords in the
conventional way, all the answers being chemical formulae or numericai
answers to chemical problems. The 20 puzzles in the pack are designed
for use at different levels, and cover different branches of chemistry
(organic and inorganic). -

CHEMICAL ELEMENT GAME

Authors: K Shaw, P Hepburn & D Want

Publisher: Schools Council, distributed by Edward Arnold (Publishers)
Ltd, London

First published: 1978

Price: part of a pack Computers in the Chemistry Cumculum edited by.
K Shaw and D Want, price £15.00

Type of exercise: computer game.

Computer language: BASIC.

Courses for which exercise is suicable: chemistry courses at upper
secondary and lower tertiary levels.

. Educational aims. to encourage students to apply their knowledge of the
properties of some elements and their compounds, and of trends in thc
periodic table.

Number of participants needed: The exercise can be used by competing
individuals or competing small groups.
Contents of package. teacher’s notes, students’ leaflets, computer program.

Special facilities required. interactive computer terminal or microcomputer.

Outline of exercise: This is 2 competitive game which reviews the |
properties of some elements and their compounds. In the game students
attempt to identify a mystery element from a total of 34, The aim is to
identify each element using the minimum amount of information from
the computer.

CHEMICAL FAMILIES

Authors: R D Stamp & W Harrison

Publisher: Longman Group Ltd, Resources Unit, 9/11 The Shambles, York
First published: 1975

Price: £0.55

Type of exercise: card (and board) game.

Courses for which exercise is suitable. chemistry courses at mlddlc to
ulppcr secondary school level.
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Educational aims: to help the participants remember and gain some
understanding of the way in which the elements are grouped in families
with similar physical and chemical properties in the periodic table.
Number of participants needed: 1 - 6 players.

Time required: 1 school period of roughly 35 - 40 minutes for each game.
Contents of package: A4 booklet, in which the two outer sheets (of thin
card) are used to prepare the board and playing cards. The innermost.
sheets (of paper) constitute an 11-page background reader/instructional
booklet for the pupils.

Special facilities required: scissors to prepare playmg cards.

Outline of exercise: There are three different games in this package:
Game 1 — for 2 - 6 players. It is based on the card game known as sevens.
The element cards are dealt (10 to each player) and each player first has
to arrange his cards into periodic table crder and then place them on the
board (representing the periodic table) in his turn.

Game 2 - for 2 - 4 players. This is 2 rummy-type card game in which
players have to collect groups of element cards and place them on the
board. The winner is the first player to clear his hand (apart from 2 cards)
or to complete group VIIIL.

Game 3 — for 1 player. A game of patience in which 3 rows of 9 cards .
are dealt (and laid on top of each other) face downwards. A fourth row
of 9 cards 15 then placed on top, this time face upwards. The player then
attempts to complete all groups of the peridoic table in descending order.

CHEMINOES

Publisher. Chemical Teaching Aids, Letham, Ladybank, Fife, Scotland
KY7 7RN

Price: £0.55

Type of exercise: card game.

Courses for which exercise is suitable. chemistry and general science
courses at lower to middle secondary level.

Educational aims. to make the participants aware of the role of valency in
the combining of elements and radicals to make compounds.

Number of participants required 2 - 6 players.

Time required: separate sessions of 30 minutes, repeated as rcqulrcd
Contents of package: set of doming-type cards.

Special facilities required: none.

Outline of exercise. Different elements and/or radicals are identified on
each card together with their valency requirements. The pupils have to
match the ends of the cards in domino fashion, using valencies instead
of spots.

Publisher: Joint Matriculation b. ard, Manchester M15 6EU
; Price: £1.50 per copy

o
CHEMISTRY CASE STUDIES , ‘
‘ Type of exercise: manual case studies.
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Courses for which exercise is suitable: chemistry courses at upper
- secondary level. - ¥
Educational aims. to help the participants develop an appreciation of the
social and economic aspects of chemical technology.
Number of participants needed. depends on number of copies available -
no specific restriction.
Time required: up to 4 hours for each case study.
Contents of package: self-contained booklet.
Special facilities required: none.
Outline of exercise. The package contains 6 structured case studies which
the participants are expected to work through in their own time, class
teaching being devoted to discussion of principles and conclusions. The
case studies have the following titles:
1. A problem of effluent disposal
2. The use and abuse t drugs
. Five routes to pt ol
. Sulphur and the environment
. The spray-steel process
. Salt-based industries.

[« GV TN VY

CHEMISTRY IN OUR LIVES ' -

Author: N Reid

Publisher. Scottish Council for Educational Technology, Dowanbill,
Victoria Crescent Road, Glasgow

First published: 1977

Price: £1.25

Type of exercise: competitive lecturette presentation (a game).

Courses for which exercise'is suitable. chemistry courses at middle
secondary level (designed specifically for Scottish O Grade).
Educational aims. to provide (a) an awareness of the impact of chemistry
on five main areas of daily life; (b) experience in presenting a reasoned
and compelling argument, (c) experience in judging the case put forward
by others.

Number of participants ‘needed: 10 - 20 players.

Time required: 1 school double period of roughly 14 - 1% hours.
Contents of package: paperwork.

Special facilities required: none.

Outline of exercise: § groups are formed, each group being given
information on a different topic. Each group has to prepare ashort
lecturette, and_‘Eurovision voting’ follows the preseniation.

CHEMSYN

Authors: G Eglinton & J R Maxwell

Publisher: Heyden & Son Ltd, Spectrum House, Hillview Gardens,
London NW4 2]Q

First published: 1972  ~

Price: £1.80

T‘{M of exercise: card game,
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Courses for which exercise is suitable. courses in organic chemistry at
upper secondary and lower tertiary levels.
Educational aims to help reinforce and consolidate basic ideas regarding
; (i) the names and classes of simple organic compounds; (ii).basic functional

,/ group chemistry; (iii) the basic principles of stereochemistry, and
(iv) simple synthetic chemistry.
Number of participants needed: The game can be played by a single
person or by a group of up to, 5, it can be used with a class of any size by
employing more than one pack.
Time requived. The various games in which the Chemsyn pack can be used
have a2 minimum playing time of the order of 20 minutes.
Cowtents of package. pack of 50 cards, game manual (for use by teacher
or students).
Special facilities required: none.
Outline of exercise Chemsyn consists of a pack of 50 double-sided cards,
cach depicting a representative member of a particular class of organic
compounds and giv'ng basic information about its principal reactions.
The object of the game is to use the cards to build up a sequence showing
how the various compounds (or the classes to which they belong) can be
inter-converted. Insolo Chemsyn, a single player works systematically
through the pack in solitaire fashion, trying to add each card to the
overall sequence. In group Chemsyn, the players operate in rummy fashion,
each trying to get rid of the cards in his hand by adding them to a
common sequence.

CHEM TRAK

Autbor: R L Gang

Publisher: Teaching Aids Co, 925 South 300 West, Salt Lake City,
Utah 84101, USA .

First published: 1975

Price: 31.95

Type of exercise board game/case study for individuals or for a whole
class.

Courses for which exercise is suitable chemistry and general science
courses at middle secondary level.

Educational atms. to help develop understanding of the way in which
elements and ions combine to form compounds.

Number of participants needed. 1 - 30, depending on the way in which
the material is being used.

Time required: at the discretion of the teacher.

Contents of package: 1 Chem-Trak board (1 needed per pupil).
Special facilities required: none.

Outline of exercise. The Chem-Trak board can be used either as an
“individualized tutor or as the basis of a competitive exercise. It reviews
263 different chemical formulae and the names of 552 different
compounds, and can be used to do a variety of differen: things, ie

(i) to name ions and elements around the track

(ii) to name compounds formed using ions and elements
O

'ERIC .
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(iii) to write correct formulae and names of compounds
(iv) to write names of acids

(v) to study ionic and combination reaction equations
(vi) to study single replacement reactions.

CHOOSE A FIBRE (CHEMISTRY IN ACTION ~ 10)

Author: N Reid

Publisher: Heinemann Educational Books, London

First published: 1980

Price: part of a textbook Chemistry About Us by A H Johnstone,

T 1 Morrison and N Reid.

Type of exercise: manual case study.

Courses for which exercise is suitable: chemistry courses at middie
secondary level (specifically designed for Scottish O Grade).
Educational aims. to make the participants aware of the relationships
between property, use and personal judgement in relation to fibres, and
help them appreciate that real-life decisions are often based on
compromise; to help cultjvate inter-personal, communication and
data-handling skills.

Number of participants needed: groups of 3 or 4.

Time required: roughly 75 minutes. .

Contents of package: part of textbook (one textbook required per
participant).

Special facilities required: none.

Outline of exercise. Pupils are given data on a range of unnamed fibres.
They discuss the behaviour required for a fibre for a series of uses, and
then attemnpt to select the best fibre(s) from the given range.

CHOOSING AN ANAESTHETIC

Author: N Reid

Publisher. Scottish Council for Educational Technology, Dowanbill,
Victoria Crescent Road, Glasgow

First publisbed: 1979

Price: £2.25

Type of exercise: simulation.

Courses for which exercise is suitable. chemistry courses at middle
secondary level (designed specifically for Scottish O Grade).

Educational aims. to provide (a) understanding of the basic criteria in
selecting anaesthetics; (b) experience in sifting data; (c) confidence in
decision making; (d) awareness of the contribution of chemistry to
medical advance.

Number of participants needed: up to 20, in groups.

Time required: 1 school double period of roughly 1% - 1% hours,

Contents of package: paperwork.

Special facilities required: none.

Outline of exercise. Working in groups, pupils are taken through a series of
decisions to reach new compounds for use as anaesthetics. In a similar way,
tth relive the great triumph as halothane was sought and discovered.

ERIC 143

- ——




-
%

-

154 GAMES AND SIMULATIONS IN SCIENCE EDUCATION

COMPETITION AMONG THE METALS

EKC

wll Toxt Provided by ERIC

Authors: R D Stamp and W Harrison )
Publisher Longman Group Ltd, Resources Unit, 9/11 The Shambles, York
First published: 1975

Price: £0.55

Type of exercise: board game.

Courses for which exercise is suitable chemistry courses at middle to upper
secondary level.

Educational aims. to help the participants understand the differing
reactivity of metals and to demonstrate the reactivity series.

Number of participants needed: 2, 4 or 6 players.

Time required: 1 school period of roughly 35 - 40 minutes.

Contents of package. A4 booklet whose outer sheets (of thin card) are
used to prepare the board and other playing materials. The inner sheets (of
paper) constitute an 8-page background reader/instructional booklet for
the pupils.

Special facilities required: scissors to prepare playing materials.

Outline of exercise: The board represents a court on which the players
(metals) play 2 badminton-type game. Whether or not a service is called
good dcpcnds upon the state of occupancy of the receiving square in the
opponents’ court. The idea is to try and score points, with metals high in
the reactivity series having precedence over those below them. The rules
for receiving and/or returning service are similar. Play continues until

one team scores 9 points and is 2 points clear.

COMPOUNDS

Author: P Ploutz

Publisher- Union Printing Co Inc, 17 W Washington Street, Athens,

Ohio 45701, USA

First published: 1974

Price. $8.00 (reductions available for orders of 10 or more)

Type of exercise: card game.

Courses for which exercise is suitable. chemistry and general science
courses at lower and middle secondary level.

Educational aims. to reinforce work on the formation of chemical
compounds (based on 21 of the commonest elements).

Number of participants needed: 2 - 6

Time required. This varies according to the numnber and age of the
participants, but is about 20 minutes.

Contents of package 80 element cards, 4 jokers, instruction booklet.
Special facilities required: none.

Outhine of exercise Compounds is designed to reinforce the participants’
knowledge of chemical compounds and their formation. The element
cards are colour-coded to indicate metals, non-metals, gases, etc and, as
players become more skilled, they are able to relate cards to the natural
physical state of the element as well as to its location in the periodic table.
Compounds complements Elements, another game produced by the same
company, although each game is completely self-contained.
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CONTACT WITH CLEANER AIR (CHEMISTRY IN ACTION — 7)

Author: N Reid

Publisher: Heinemann Educational Books, London

First published: 1980

Price: partof a textbook Chemistry About Us by A H Johnstone,

T I Morrison and N Reid.

Type of ‘exercise: manual case study

Courses for which exercise is suitable chemistry courses at middle
secondary level (specifically designed for Scottish O Grade).
Educational aims: to make the participants aware of the complexity of
an apparently simple industrial process, of the need for pollution
legislation, and of the impact of such legislation on industry; to help
cultivate inter-personal, communication, problem-solving and decision-
making skills.

Number of participants needed: groups of 3 or 4.

Time required: roughly 50 minutes.

Contents of package. part of textbook (one textbook required for each
participant).

Special facilities required: none,

Outline of exercise. The Contact Process is often presented as a very
simple process. In this exercise, pupils are exposed to the real-life
industrial problems associated with the process, and they are led to a
series of decisions in designing a factory that is economic and able to
meet current pollution legislation. :

D1S-SOLVING A PROBLEM (CHEMISTRY, IN ACTION - 11)
Autbor: N Reid
Publisher: Heinemann Educational Books, London

First published: 1980
Price. part of a textbook Cheniistry About Us by A H Johnstone,
T I Morrison and N Reid.

Type of exercise: manual case study. -

Courses for which exercise is suitable. chemistry courses at middle
secondary level (specifically designed for Scottish O Grade).
Educational aims. to give the participants some insight into the sort of
problems encountered in the chemical industry, to help cultivate data-
handling, communication, problem-solving and decision-making skills.
Number of participants needed: groups of 3 or 4.

Time required: roughly 80 minutes.
Contents of package part of tcxtbook (one textbook required for each
participant).
Special facilities required: none.
Outline of exercise. This exercise considers the industrial purification of
PETN (a common explosive). Pupils have to select the best solvent for the
purification process, and then seek to use the solvent 1n such a way that
the purification process is efficient and economic. The problem is a
difficult one, in which pupils have to think beyond their limited school
hlhnratory experiences.

EKC 11,
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ELECTROCHEMICAL CELLS

Authors: K Shaw, P Hepburn, D Spiers and M Poore

Publisher. Schools Council, distributed by Edward Arnold (Publishers)
Lud, London, .

First published: 1978

Price. part of a pack Computers in the Chemistry Curriculum, edited by
K Shaw and D Want, price £15.00

Type of exercise: computer simulation.

Computer language: BASIC.

Courses for which exercise is suitable: chemistry courses at upper
secondary andlower tertiary levels.

Educational aims. to provide students with an introduction to some of
the important features of electrochemical cells.

Number of participants needed: The exercise can be used either
individually or wich small groups.

Bontents of package teacher’s notes, students’ notes, computer program,
Special facilities required. interactive computer terminal or microcomputer. _
Outline of exercise. This exercise simulates experiments which investigate
factors that influence electrode system potentials, including redox cells

and pH sensitive reactions.

ELEMENT CARDS

Author: ] i Lipson

Publisher. Heyden & Son Ltd, Spectrum House, Hillview Gardens,

London Nw4 2]Q

First publisbed: 1972

Price: £2.60

Type of exercise: <ard games.

Courses for which exercise is suitable. chemistry courses at lower

secondary to tertiary level. .

Educational amms. to help participants appreciate the importance of the

periodic classification of the elements, ro cultivate interpretative and

analytical skills.

Number of participants needed. 1- 10 (depending on game chosen).

Time required: sessions of roughly 30 minutes.

Contents of package: booklet, pack of 104 cards.

Special facilities required: none. |

Outline of exercise. The package consists of a series of 9 different card

games varying in difficulty and sophisticauon, including rammy, cribbage, ‘

solitaire, pairs, etc. Each card contains detailed information about one

element, ie atomic number, name, valency states, melting and boiling |

ponts, chemical sy mbol. atomic weight, isotopes and electronic structure. ‘

Participants have to use some or all of this information to play
|
\
|
\
|

'

cffectively in each of the games.
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ELEMENTS

Author: P Ploutz

Publisher: Union Pnnting Co, Inc, 17 W Washington Street, Athens,

Chio 45701, USA

First published: 1970

Price: $14.00 (reductions available for orders of 10 or more)

Type of exercise: board game. ;

Courses for which exercise is suitable. chemistry and.gencral science
courses at lower and middie secondary level.

Educational ains. to help the participants become familiar with the
names and properties of the elements and their positions in the periodic
table.

Number of participants needed: 2 - 6.

Time required. This varies according to the particular game being played,
the number of participants and the age of the participants, but is normally
about 30 minutes.

Contenis of package. board, 105 clement chips, instruction book.

Special facilities required: none,

Outline of exercise. Elements is in fact a family of 4 games and

8 variations, all using the same playing materials. The various games are
suitable for use at a variety of levels, and with students of 2 wide range of
abilities. The basic principle underilying most of the games involves placing
the element chips in their correct positions in the periodic table, Elements
complements Compounds, produced by the same company.

ELEMENTS IN THE EARTH

uthor: N Reid

blisher. Scottish Council for Educational Technology, Dowanhiil,
Victoria Crescent Road, Glasgow
Firstpublished: 1979
Price:£5.25
Type of exercise: manual case study.
Courses for which exercise is sutable. chemistry courses at middie
secondary level (designed specifically for Scottish O Grade).
Educational aims to provide (a) a more detailed working knowledge of
the periodic table, (b) an appreciation of the periodic table as 2 useful
classifying tool, (¢) an appreciation of patterns in the discovery of the
eclements and their sources.
Number of participants needed: up to 20, in small groups.
Time required: 1 double school period of roughly 1% - 1% hours.
Contents of package: tape, OHP overlays, paperwork.
Special facilities required: cassette player, OHP,
Outline of exercise. Pupils start by working in groups to collate data on
the dates of discovery, the main sources and the percentage occurrence
of the elements. They then relate this data to the pcnodlc table, looking
for patterns and trying to interpret these patterns.

O
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v ENERGY FOR THE FUTURE
Author: N Reid
Publisber. Scotush Council for Educational Technology, Dowanhill,
Victoria Crescent Road, Glasgow
Linst published: 1977
Price: £5.00
Type of exercise. manual exercise — programmed learning format.
Courses for which exercise s sustable chemustry and general science
courses at middle secondary level.
Educational aims. to provide (a) an msight into the kind of problems
facing a future society, (b) an appreciauen of the inttrplay of resources,
technology and economic viability.

, Number of participants needed: 1 - 20,

Time required: | school period of roughly 40 minutes,
Contents of package: booklet.
Special facilizies required: none. -
Outline of ex erase. An exercise, set in programmed learning forma,
whith considers the problem in the year 2000, when gas is running out.
Is there a chenucal contribunion to the answer to the problem?

——a

ENERGY ~ PAST, PRESENT AND FUTURE (CHEMISTRY IN ACTION - 3)
Author. N Reid
Publisher. Heinemann Educational Books, London
First publisbed: 1980 -
Pre. part of atextbook Chemustry About Us by A 11 Johnstone,
T I Morrison and N Reid,
Type of exercise: manual case study,
Courses Jor whub exercise s suitable. chemistry courses at middle
sccondary level (specifically designed for Scottish O Grade).
Educattonal ams. to mahke the partiaipants aware of past and present
primary sources of energy in Briwin, of the increasing demand for energy,
and of pussible future trends, to cultivate interpretative and decision-
making skills.
Number of participants required. geoups of 3 or 4,
Time required: roughly 30 minutes,
Cuntents of package. part of textbook (one textbook required for cach
participant).
Special facilities required: none,
Outline of exeruse. Pupils are given data about the energy use pattern in
the UK for the past two decades. Working in groups, they first learn how
to interpret cumulative graphs, and then attempt to extend the graph
30 years nto the future. Itis csscnt&'rll) a simple long-range forecasting
exercise,
: v
FOCUS ON LEAD
Author: N Reid
Publisher. Scotush Council for Educanonal Technology, Dowanhill,
Q Victoria Crescent Road, Glasgow
ERIC 114
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First published: 1977

Price: £4.50

Type of exercise: manual case study.

Courses for which exercise is suitable: chemistry courses at middle
secondary level (designed specifically for Scottish O Grade).
Educational aims. to develop (a) a knowledge of the main facts about the
extraction, purification, and uses for lead, (b) an awareness of the social
contribution of lead and environmental costs, (c) an appreciation that
removal of lead from the environment is expensive.

Number of participants needed: any number np to 20.

Time required: 1 double school period of roughly 1% - 1% hours.
Contents of package: tape and booklets.

Special facilities required: cassctte player.

Outline of exercise. A tape guldcs pupils through a short bookiet which
discusses the chemical and social importance of lead. The tape asks
questions which the group have to discuss. The exercise concludes with
short essays.

FORMYLON !/
Publisher. Chemustry Teaching Aids, Letham, Ladybank, Fife KY7 7RN
First published: 1973

Fice: £1.95

Type of exercise: card game.

Courses for which exercise is suitable. courses in basic inorganic chemistry
at lower or middle secondary level.

Educational aims. w reinforce and consolidate basic ideas regarding the
different types of atoms and ions and the ways in which they combine to
form ionic and cdvalent chemical compounds.

Number of participants needed Each pack can be used with a’group of

_ up to 8 players and, by using more than 1 pack, the exercise can be used
with a class of any size.

Tune required. Each round of the game takes roughly § - 10 minutes, and
any number of rounds may be played in a given session.

Contents of package. pack of 100 cards, instruction leaflet (for use by
teacher or students).

Special facilities required: none.
Outline of exercise. The Formulon pack consists of 100 cards, each
representing a particular type of atom or ion, a multiplier (2 or 3) ora
joker. The players are dealt hands of 10 cards and, playing in rummy
fashion, have to try to get rid of their cards by forming valid chemical
compounds. The winner of each round is the first player to get rid of all
his cards, the other players collecting penalty points according to the
number and type of cards they have left. The overall winner is the player

«
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with the smallest number of penalty points after a number of rounds have
been completed.

FROM VISIBLE TO INVISIBLE (CHEMISTRY IN ACTION — 6) -

Author: N Reid

Publisher: Heinemann Educational Books, London

First published: 1980 ]

Price: part of a textbook Chemistry About Us by A H'Johnstone,

T | Morrison and N Reid. N

Type of exercise: manual case study.

Courses for which exercise is suitable. chemistry coursgs at middle
secondary level (specifically designed for Scottish O Grade).
Educational aims. to help the participants appreciawe how currently
accepted idcas developed; to help develop problem-solving,
communication and decision-making skills,

Number of participants needed: groups of 3 or 4.,

Time, required: roughly 40 minutes, !

Contents of package part of textbook (onc textbook required per person).
Special facilities reqmrcd nonc.

Outline of exercise. Pupils are led in a simple way through the problems
that faced Gay-Lussac as he studied gas reactions. Workmg as a group,
they have to denufy his fundamental problem and then, imagining that

(ghcy could 8 back in time and talk to him, try to explain“where his

ideas were incorrect. v

GAS CHROMATOGRAPHY .

Authde: D Want -

Publisher. Schools Council, distnibuted by Edward Arnold (Pllbllshcrs)
Ltd, London

First published: 1978

Price. part of a pack Computers in thc Chemstry Curriculum, edited by
K Shaw and D Want, price [.15 00 .

Type of exercise: Computer simulation.

Contputer language: BASIC, -

Courses for which exercise is suitable. chemistry courses at upper
secondary and lower tertiary levels.

Educational aims: to allow stydents to ‘experiment’ with gas
chromatogrnphy in 2 way which would preclude the use of sensiuve

and expensive cqunpmcnt ~ gp

Numbér of participants neelled: The excrcife can be uscd either
individually or with small groups.

Contents of package. teacher's notes, students’ notes, computer program.
Special facilities reqmred ‘Interactive computer terminal or microcomputer.
Outline of exercise. This exercise involves simulations of the separation of
some organic combounds to show the application of gas chromatography
to qualitative and quantitative analysis.
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HABER (UNIT ON AMMONIA SYNTHESIS)
Autbors: R Edens & K Shaw
Publisher: Edward Arnold (Publishers) Ltd, London (Chelsea Science
| Sitwlation Project).
First published: 1978 ; .
Price: £71.25
Type of exercise: computer simulation.
Computer language: BASIC.
. Courses for which exercise 1s suitable. chemistry courses at middle and
" upper secondary level. )
Educational aims. to enable students to discover how various conditions
(temperature, pressure, catalyst and reactant concentration ratios) influence
the course of the Haber process reaction; to develop good practice in the
design of investigations. -
Number of participants needed: The exercise can be used either
individually or with small groups. )
Time required: 1% - 2 hours. i
Contents of package. teacher’s gumde, students’ notes, computer program.
Speciul facilities required. computer terminal or microcomputer.
Outline of exercise. The simulation is divided into two parts. In the first
. part, students invesugate the effect of varying temperature and pressure
and the molar ratio of hydrogen to nitrogen on the percentage yield of
ammonia. In the second investigation, students look at the effect of
varying temperature, pressure and catalyst on the rates of both the
forward and reverse reactions, ie on the rate of attaining cquilibriu‘m.

HOMOGENEOUS EQUILIBRIUM . o
Authors: K Shaw & R Edens

Publisher. Schools Counuil, distributed by Edward Arnold (Publishers)
Ltd, London. )

First published: 1978

Price. part of a pack Computers in the Chemistry Curriculum edited by

K Shaw and D Want, price £15.00

Type of exercise: computer simulation.

Computer language: BASIC.

Courses for which exercise is suitable. chemistry courses at upper
stcondary and lower tertiary levels. .
Educational aims. to establish the concept of dynamic equilibrium, to
develop an understanding of the relationship between the

stoichiometric equation for a reaction and the expression for the
equihbrium constant, to help students gain experience in the design

of expériments.

Number of participants needed. The exercise can be used either
individually ot with small groups.

Cuntents of package teacher’s notes, students’ leaflets, computer program.
Spectal faulities required interacuve computer terminal or microcomputer,
Outhine of exerase. The exercise involves an investigation of acid-alcohol

i 1:'4
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cquilibrium and some gas-phas« equilibria leading to the equilibrium law in
terms of concentration. .

1ONICS

Publisher Science Systems Ltd, 173 Southampton Way, London SES 7E]
First published: 1972

Price: £0.75

Type of exercise- card game.

Courses for which exercise 1s sutable chemustry courses at lower to
middle secondary level. -~ .
Educational anms to make the participants aware of the ways in which
compounds can Be formed using ionic bonding.

Number of participants needed: 2 - 5.

Time required: 1 school period of roughly 40 minutes.

Contents of package: leaflet, set of 52 cards.

Special facilities required: none.

Outline of exercise A series of three rummy-type card games in which the
participants make up ionic compounds. Variations such as naming the
compounds made and the facility of neutralization and double
decomposition can be introduced at the higher levels.

ISOTOPES
Author N Reid
Publisher Scotuish Counal for Educanonal Technology, Dowanhili,

= ---—Victoria Crescent Road, Glasgow

First published: 1977 .

Price: £1.00

Type of exercise: manual case study.

Courses for which exercise 1s suitable. chemistry.courses at middle
sccondary level (designed specifically for Scottish O Grade).
Educational aims to develop (2) communication skills within a peer
group, (b) a willingness to argue on the basis of provided evidence, and
to provide (a) an historic perspective on the nuclear industry, (b) the
beginnings of an awareness of the complexities of nuclear decision making.
Number of participants needed: up to 24, in 4 groups.

Time required: 1 school double period of roughly 1% - 1% hours.
Contents of package: tapes, slides, paperwork.

Special facilities required. cassette player, slide projector.

Outline of exerase Pupils are introduced to the topic of radioisotopes
through a short tape/slide sequence. They then work in groups of 6 to
examine the issues surrounding the production and uses of
radioisotopes today. ‘.

ISOTOFES IN OUR LIVES

Author: N Reid

Publisher Scotush Council for Fducational Technology, Dowanbhill,
Victoria Crescent Road, Glasgow

“irst published: 1977

' ERIC 152
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Price: £1.50

Type of “xercise: manual case study.

Courses for which exerce is suitable. chemistry courses at upper

secondary level (designed specifically for Scottish O Grade).

Educational atms to provide an understanding of the basic facts about
" current nuclcgr technology; to develop (a) communication skills within

a peer group, (b) an awareness of the complexities of decision taking

within the nytlear industry.

Number of erticipants needed: up to 24, in 4 groups.

Time required: 1 school double-period of roughly 1% - 1% hours.

Contents of package: paperwork.

Special facilities required: none.

Outline of exercise. Pupils work in groups of 6 to examine the issues

surrounding the production and uses of radioisotopes.

LATTICE ENERGY

Authors: R Edens & K Shaw

Publisher Schools,Council, distributed by Edward Arnold (Publishers)
Ltd, London

First published: 1978

Price part of 2 pack Computers in the Chemustry Curriculum edited by
K Shaw and D Want, price £15.00

Type of exercise: computer simulation.

Computer language: BASIC.

Courses for which exercise 1s suitable. chemistry courses at upper
secondary and lower tertiary levels. )

Educational aims to develop an understanding of (a) the concept of
lattice energy and the factors which affect it; and (b) the use and
limitations of the Born-Mayer equation as a mathematical model.
Number of participants needed: The exercise can be used either
individually or with small groups.

Contents of package teacher’s notes, students’ leaflets, ccmputer program.
Special facilities required interactive computer terminal or microcomputer.
Outline of exercise lonic crystal structures are examined with regard to
the charge on the ions, their size and their co-ordination. The himitations
of the simple model in some cases are also investigated.

LINK-UP

Autbors: R D Stamp & W Harrisor

Publisher Longman Group Ltd, Resoui.es Unit, 9/11 The Shambles,
York

First published: 1975

Price: £0.55 4
Type of exercise: manual exercise.
Courses for which exeruse 1s suitable chemistry courses at middle to
upper secondary level.

Educational arvs to help the participants understand how atoms bond
tolgcthcr to form compounds by getting them to (a) build up selected

" ERIC
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electronte structures, (b) build compounds from selected atoms, and
(c) demonstrate the bonding arrangement of electrons in selected
compounds.

Number of participants needed 4 players working in pairs.

Time required 3 school periods of roughly 35 - 40 minutes each,
Cuntents of package A4 booklet whose outer sheets (of thin card) are
used to prepare the playing materials. The inner sheets (of paper)
constitute a 12-page bachground reader/instructional booklet for the
puptls,

Spectal facilittes requared scissors to prepare playing matenals,

2 matchsticks for mounung spinners, waste discs from a file-punch
(preferably in two colours) to represent clectrons.,

Outline of exercise There are 3 stages in this exercise. In the first, the
pupils have to collect 3 nuclear charges (of different values) and the
appropriate numbe.s of clectrons to build up 3 different atomic structures,
by using the 2 spinners and acung on the instructions indicated. In the
second, the pupils, now working in pairs, use the atonue structures they
obtatned in stage I, to prepare a hist of as many known compounds
(based on their atoms) as they can. In the final stage, again working in
pairs, the pupils have to demonstrate the type of bonding in 3 of the
compounds from their list produced in stage 2.

MAGNESIUM FROM THE SEA

Autbor. N Rerd

Publisher Scotush Counal for Educational Technology, Dowanhill,

Victoria Crescent Road, Glasgow

Fust published 1979

Price £4.50

Type of exercse manual case study.

Courses for whih exercse 1s sttable chenustry courses at middle

sccondary level (designed specitically for Scottish O Grade).

Fducational aums. o provide (a) gencral knowledge of the extraction

process to obtan magnesium from the sea, (b) experience of data-
_handling group discusston and dectsion making, (¢) an awareness of the

complexities of industrial processes.

Number of participants needed up to 20, 1n small groups.

I'ome required. 1 school double period of roughly 1% - 1% hours.

Contents of package tape, booklets, paperwork.

Spectal facilities required cassette player.

Outline of exercse Pupils are introduced to the pussibility of extracung

magnesium from the sea in the first few pages of the bouklet, the tape

acung as a gade. They then work 1n groups to take a series of decisions

in planning a pussible extraction process to sbtain magnesium oxide. The

second section of the booklet completes the exercise by providing more
w information on current technology.
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METALS AT WORK (CHEMISTRY IN ACTION - 4)

Author: N Reid

Publisher: Heinemann Educationa! Books, London

First published: 1980

Price: part of a textbook Chenstry About Us by A H Johnstone,

T I Morrison and N Reid

Type of exercise: manual case study.

Courses for which exercise 1 sustable chemistry courses at middle
sccondary level (specifically designed for Scottish O Grade).
Educational aims. to help the participants appreciate the range of
properties assoctated with metals and relate properties to usage, to help
develop interpretative and communication skills.

Number of participants required: groups of 3 or 4.

Time required. roughly 40 mnutes.

Contents vf package part of textbook (1 textbook required for each
participant).

Special facilities required: none.

Outline of eaercise Given data on a range of metals, pupils have to decide
the behaviour characteristics that are required for various uses, and then
compile a short-list of suitable metals.

MOLE BINGO

Author: A Armstrong

Publisher. Sigma Technical Press, 23 Dippons Mill Close, Tettenhall,
Wolverhampton WV6 8HH

First published: 1972

Price: £1.25

Type of exercise- set of manual games.

Courses for which exercise & suttable chemistry and general science
courses at lower and middle secondary level.

Educational aims to give practice in answering questions relating to
calculations on molar quantities.

Number of participants needed: 2 - 5.

Time required: roughly 30 minutes.

Contents of package teacher’s guide and resource material, sets of
problem cards.

Special facilities required: OHP (optional).

Outline of exercise. Mole Bingo 1s a set of 4 games graded in order of
increasing difficulty. All 4 games are based on conventional Bingo, the
participants having to answer questions on simple molar calculations
m order to cross off the numbers on their matrices, the winner being
the first to complete a line.

MOLE POKER

Author A Armstrong

Publisher. Sigma Technical Press, 23 Dippons Mill Close, Tettenhall,
Wolverhampton WV6 811H

l;‘::{w publisbed: 1978 l 3 J
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|
Price: £1.25
Type of exercise. set of card games.
Courses for which exercse 1s sustable. chemistry and general science
courses at middle secondary level.
Educational aims. to give practice in calculations relating to molar
quantities and chemical formulae.
Number of participants needed: 1 - 4.
Time required: roughly 30 minutes. %.:
Contents of package teacher’s guide and resource material, cardboard
cut-outs for preparing poker-type dice.
Special facilities required: none.
p Outline of exercise Mole Poker is similar to Mole Bingo, but is slxghtly
more advanced. It consists of a series of games, played with special dice,
in which the participants have to be able to answer questions relating to
molar quantities and chemical formulae 1n order to play effectively, J

PARTICLE IN A POTENTIAL WELL

Inqurries R Lewis, Educational Computing Section, Chelsea College,
Pulton Place, London SW6 SPR

Fust published: 1977

Type of exercise: computer simulation,

Computer language: BASIC or FORTRAN.

Courses for whih exercise 1s sutable chemistry and physics courses at
tertiary level.

Educational apms  to give students a non-mathematical method for good
conceptual understanding of the Schrodinger equation.

Number of participants needed The exercise can be used cither
individually or with small groups.

Time required. 1 hour.

Cuntents vf package teacher's gmde, students’ notes, computer program.
Special facilities required. graphics terminal.

Outline of exercise The student specifies the particle mass, well width
and depth, The energy levels are displayed for the particle in the chosen
square well and also 1n a square well of infinite depth.

POINT FIELDS

Authors: H 1 Ellington, A G Garrow & J R Muckersie

Publisher The Insutution of Electrical Engineers, Savoy Place,

London WC2R 0BL

Fust published. 1980

Price £9.00 (inc p & p)

Type of exercise manual simulation game.

Courses for which exercise is sustable chemustry, science in society and
general studies courses at upper secondary and lower tertiary levels.
Educational aimis to make the participants aware of the complexity and
importance to suciety of a large petrochemical plant and of the social role
and procedure of a pubhic inquiry, to cultivate communication and

debating skills.
O
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Number of participants needed. The exercise is designed for use with a
class of up to 32 pupils or studeats, but can be used with smaller
numbers (min 12).

Time required. 1% - 3 hours, depending on the numbers involved and on
the level and ability of the participants.

Cuntents of package teacher’s guide, role sheets and resource material
for participants.

Specal facihities required overhead projector, blank OHP transparencies
and felt pens.

Outline of exercise Point Fields is a role-playing simulation exercise.
Itis based on the hypothesis that United Petrochemicals Ltd (a subsidiary
of an 1maginary major oil company) plan to build a large petrochemical
plant at Point Fields, a coastal site somewhere in the east of Scotland,
and that a public inquiry ..o the proposed scheme has been called.

The exercise takes the form of this public inquiry. The participants

are allocated roles supporting or objecting to the planned development,
the various arguments being assessed by an independent ‘reporter’ who
then decides whether or not the scheme should go ahead.

POLAR OR IONIC? (CHEMISTRY IN ACTION - 5)

Author: N Reid -
Publisher: Heinemann Educational Books, London

First publisbed: 1980 -
Price. part of a textbook Chenustry Abou: Us by AH johnstonc,

T1 Morrison and N Reid.

Type of exercise. manual case study.

Courses for which exercise 1s suitable. chemustry courses at middie
secondary level (specifically designed for Scottish O Grade).
Educational aims to help the participants develop a critical approach to
answering questions, to help them appreciate the role of experiments in
saientific methodology and what constitutes a good experiment.
Number of participants required. either small groups or a class of pupils
working with the teacher.

Time required: roughly 50 minutes.

Contents of package. part of textbook (1 textbook required for each
participant).

Special facilities required: none.

Outhine of exercise The package looks at the bonding in aluminium
chloride, using a conversational presentation. The main purpose is to
allow pupils to appreciate the place of experimentation in science, and
pupils have to take a series of decisions to this end.

POLYWATER

Authors: F Percival & A H Johnstone

Publisher. Education Division, The Chemical Socicty, Burlington House,
Piccadilly, Londop W1V 0BN

First published: 1978

"'irv £2.50
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Type of exercise. manual case study.

Courses for whih caercse is suttable chemistry courses at upper tertiary
level. .
Educational aims to develop hibrary and communication skills by
studying an actual example of chemical research; to help develop a
healthy scepticism towards the written word.

Number of participants needed: groups of 6 - 8 pcople.

Time required: 3 hours (minimum)

Contents of package teacher’s gumde, resource matenal for participants
(A4 booklets)

Special facilities required access to chemistry library of university
standard.

Outline of exercise Polywater is the case history of the polywater
phenomenon, and takes the form of a structured library study/discussion
exercise. The partiaipants look up, study and precis papers from the early,
middle and late phases of work on the phenomenon, discussing their
findings with their colleagues at each stage of the work, \

PROPERTIES AND SUBSTANCES . \
Author A Armstrong

Publishber Chemical Teaching Aids, Letham, Ladybank, Fife, Scotland
KY7 7RN |
First published: 1974

Price: £1.50

Type of exercise: card game.

Courses for which exercise 1s suitable. chemistry and general science
courses at middle secondary level.

Educational aims to make the paracipants aware of the basic properties
of a range of elements and compounds.

Number of participants needed: 2 - 8 players.

Time required: 1 school period of roughly 40 minutes.

Contents of package: leaflet, set of cards.

Special facilities required chemical data book for use as reference.
Outline of exercise Properties and Substances is a card game which s a
cross between rummy and pairs. Substance cards are dealt to each player
and property cards are placed face up in the centre of the tble. The
players, in turn, have to get rid of their cards by matching themup .
correctly with the property cards. Error cards can be used to challenge
incorrect pairing. The game ends when one player has played all the cards
in his hand. A points system 15 used, and the winnzr is the player with

the most points at the end of the game.

PROTEINS AS HUMAN FOOD

Authors: F Percival & A H Johnstone

Publisher Education Division, The Chemical Society, Burlington House,
Piccadilly, London W1V 0BN

Fust published: 1977

Price: £3.00

i
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Type of exercise manual case study/communication exercise.

Courses for which exercise 1s sutable, éhcmistry, biology and health

education courses at upper secondary and lower tertiary levels.

Educational atms. to make the participants aware of the nutritional role

of proteins and the world protein shortage, to help develop inter-personal,

communication, interpretative and decision-making skills.

Number of participants needed: groups of 6 people.

Time required: 1% hours (minimum).

Contents of package teacher’s guide, resource materials for 6 members of _

group (A4 booklets).

Special facilities required: none.

Ouetline of exercise. Proteins as Human Food is a structured

communication exercise based on the nutritional role of proteins and the

world protein shortage, The participants work in groups of 6, each group

comprising a group leader plus 5 membeérs, each of whom is given part of

the information necded to hold a mean:ngful discussion of the protein

problem. The object of the exercise is to pool this information, discuss
~—the problem and formulate a possible solution.

»

PUBLIC INQUIRY PROJECT
Authors: H1 Ellington, A G Garrow & J R Muckersie
Publisber The Association for Science Education, College Lane, Hatfield,
Herts AL10 9AA !
First published: 1980 .
Type of exercise: manual simulation game.
Coursc: for which exercise 1s suitable The exercise was specially developed
for use 1n the ASE's Science in Soctety AO level course, and is suitable for
use in science in society and general studies courses at upper secondary
and tertiary levels.
" Educational ams to make the participants aware of the complexity and

importance to society of a large petrochemical plant and of the social

*  role and procedure of a public inquiry, to cultivate communication and
debatng skills.
Ntember of participants needed. The exercise is designed for use with a
class of up to 20 pupils or students but can be used with smaller
numbers (min 10).
Time required. 1 school double pe.iod of roughly 1% - 1% hours.
Contents of package. teacher's guide, student booklets, role cards, maps.
Specul faciliies requared. overhead projector, blank OHP transparencies
and felt pens.
Outline uf exercise. The Public Iiiquiry Projectis a simplified, shortened
version of Point Fields (see page 166). Like the latter, it is based on the
hypothesis that a subsidiary of an (imaginary) major oil company plans to
build a large petrochemical plant at Point Fields, a coastal site somewhere
in the east of Scotland, and that a public inquiry into the proposed scheme
has been called. The exercise simulates this public inquiry. The participants
are allocated roles supporting or objecting to the planned development,
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the vartous arguments being ass¢ssed by an independent ‘reporter’ who
then decides whether or not the scheme should go ahead.

RANDOM

Inquines. R Lewis, Educational Computer Section, Chelsea College,
Pulton Place, London SW6 SRP

First published: 1977

Type of exercise: computer simulation.

Computer lmiguage. BASIC or FORTRAN.

Courses for whih exercise 1s suitable. chemistry courses-at tertiary level.
Educational aims. to enable students to investikate large numbers of
energy exchanges to achieve a good approximation to the Boltzmann
Distribution.

Number of participants needed. The exercise can be used either
indwvidually or with small groups.

Time required: 1 hour.

Contents of package teacher’s gmde, students’ notex ~omputer program.
Spectal facihinies required  graphics terminal or alphanumeric terminal.
Outhne of exerdse This package extends a laboratory exercise in which
students simulate energy transfer between molecules using dice and
counters. In the program the student can specify the size of the array,
the number of energy quanta, their distribution, and the type of colhsion
process. It can be used to simulate the change in molecular energy
distribution following the nuxing of gases with different temperatures.

RATES OF REACTION

Authors: K Shaw & R Edens

Publisher Schools Council, distributed by Edward Arnold (Publishers)
Ltd, London

First published: 1978

Price. part of pack Computers in the Chemistry Curriculum, edited by

K Shaw and D Want, price £15.00

Type of exercise computer simulation.

Computer language: BASIC. '

Cuurses for which exercise 1s . itable chemistry courses from middle
secondary to lower tertiary level.

Educational aims. to enable students to investigate in detail the factors
influencing the rates at which chemical reactiongoccur.

Number of participants needed. The exercise can be used either
individually or with small groups.

Contents of package teacher's notes, students’ leaflets, computer program.
Speaal facilities required. interactive computer terminal or microcomputer.
Outline of exercise Students study the effect of reaction conditions,
including the parucle size of the catalyst, on the rate of decomposition

of hydrogen peroxide.
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REACTION: CHEMISTRY'S ALPHABET

Autbors: R D Stamp & W Harrison

Publisher. Longman Group Ltd, Resources Unit, 9/11 The Shambiles,
York .

First published: 1975

Price- £0.55

Type of exercise: board game.

Courses for which exercse is sutable chemistry courses at middle to
upper secondary level.

Educational ams. to give the participants a basic knowledge of the
properties, uses, and reactions of 8 common elements and some of their
compounds;

Number of participants needed: 2 - 8 players.

Time required: 1 school period of roughly 35 - 40 minutes.

Contents of package. A+ booklet whose outer sheets (of thin card) are
used to prepare the board and other playing materials. The inner sheets
(of paper) constitute an 8-page background reader/instructional booklet
for the pupils.

Speaal facihties requared. sassors to prepare playing materials, matchstich
to mount spinner.

Ouihne of exercse. The board is 1n 3 sections. element circuit, compound
arcuit and reagent puol. Players tahe turns to tahe an clement token
around the element cireunt, obeying the instructions on the squares on
which they land. On completion of this circuit, they enter the reagent
pool and their element token ‘reacts’ and forms a ‘compound’ whichis
then taken round the compound circuit in similar fashion. Part-way
round this circunt, the player’s token agan enters the reagent pool, ana
reacts to form a new compound. This new compound token then
completes the compound circuit. Information leaflets arc available to
players throughout the game to help them decide whether or not an
snstruction on a given square is relevant to their element or compound.
The winner is the player who completes all 3 circuits first.

RKINET (UNIT ON CHEMICAL REACTION KINETICS)

Author: AW B Aylmer-Kelly

Publisher. Edward Arnold (Publishers) Ltd, London (Chelsea Science
Simulation Project)

First published: 1975

Price: £7.25

Type of exercise: computer simulation,

Computer language. BASIC,

Courses for whieh exercise s statable chenustry courses at upper
secondary and lower tertiary levels.

Educatiunal ums to extend students’ laboratory experience by enabling
them to carry out a wider range of investigations without taking an
eXcessive amount of time, to assist students’ understanding of the
relationship between a mathematical model and reality.
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Number of participants needed CThe exercise can be used cither

indmidually or with snall groups.

Time required. 1% + 2 hours,

Cuntents of package teacher’s gaide, studens’ notes, computer program,
- Speaal faalieres required compurter ternunal or minicomputer,

Outhine of exerase This exeraise simulates a number of experiments

whuch are difficule to perform or require speaial conditions ard looks at

them from the puint of view of reaction hinetics. In cach reaction students
. ivestgate the eftfects of chunges in temperature and coneentrotion, The

simulation also prosides experience i selecung nvestigations which

'p‘oducg meantngtul results,

SOLUBILITY AND SUCCESSIUL SEPARATIONS (CHEMISTRY IN ACTION - 9)
~uthar, N Rewd,

Publisker Nememann Educational Books, London

it publisbed. 1980

Price partof a wextbook Chennstry About Us by A H Johnstone, .
T I Morrson and N Red.

Pype of exerene manual case scudy.

Courses for whih exercise o sttable chenustny courses at middle
secondary level (speafically designed tor Scottish O Grade).

P ducattonad iy to make the part cipants awaresthat ‘solubility’ and
‘isolubality ” are merely relativ e terms and help them appreciate the
application ot solubihey sdeas 1 solving real-ite problems, o help

cultvate inter personal, communication and data handting skills.,

Number of participants necded groups of 3 or 4, -
Tone requred roughly 40 nunutes.

Contents of package part of textbook (1 textbook requued per

paruapant),
Specal fackitwes required none,
Outlige of exerne Puptls are given pracuce i using solubihity data, >

Uhey are then set a series of real ite problems, which they attempt o
sulve on the basis of the information supplied. hese problems range
from industrial potlution to 4 case of posoning,

TAKRE YOUR CHOICE

Author N Rew

Publnber Scotush Conned tor Fdue
Victoria Crescent Road, Glasgow
First publshed 1977

Price £2.00

Pype of exerene manual case study.
Counes fur whih exercse i stetable chenistry courses at middle
szeondary level (designed speaifically for Scotush O Grade).
Luducagronal aimn o develop (a) an awareness of relationships between
prupert,, use, and personal judgement in relaton o fibres, (b) an
awareness that decision making s frequently made on the basis of
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compronnse, {¢) expenence in data handling and communication within

a peer group,

Number of participants needed: up o 20 in small groups.

Time required. 1 school double period of roughly 1% - 1% hours.

Contents of package: paperwork.

Specual facilities required: none. 3.

Outline of exercise Paruapants are given data on 8 unnamcd fxbrcs and, -
worhing as a group, are asked to choose the best fibres for various tasks,

In the second part, an attemipt 1s mads to relate property to structure,

using water absorption as an illustration. S

THE ALKALI INDUSTRY

Autbors: K C Campbell, M } Easton & A H Johnstone
Publisher The Uninersity of Glasgow (mformation available from the
authors at the Dept of Chemistry, University of Glasgow)

First published: 1976

Type of exercise: computer simulation.

Computer language  Extended BASIC or FORTRAN 1V,

Cuourses far whieh exercie is suitable. chemistry courses at uppcr
sccondary and lower ternary levels.

Lducational aims to enable students (a) to make industnal decisions on
incemplere informavon, (b) to work to 2 budget, (¢) to apply chemical
knowledge in other disaphines, (d) to make mrelligent compromuses,
Number of participanes needed. groups of 4 - 6 students.

Ttme required. around 3 hours.

Contents uf package, teadher's guide, students’ notes, computer program,
Specual faciliies required nreractive compitter terminal,

Outline of exercase The exercise 1s based upon the development of a

hy puthetiaal find of extensive salt depusits in southern Scotland. Students
make deasions un what products to nanufacture, where the plant should
te sited, what size the plant should be, and how long the plant will take
to pay tur iself. Students abso investgate the environmental imphicatnons
of their decisions.

THE AMSYN PROBLEM

Authbors F Percival & N Reid

Publuhcr Scottish Gounal for Educanonal Technology, Dow anhill,
Victoria Crescent Road, Glasgow

Furst published: 1976

Price £8.50

Type of exercise simulated case study mvolving role play.

Courses for whieh cxercoe is suitable chenustry courses at upper
sccondary and lower teruary levels.

Educational aims o develop (a) communications shills in group
Jdiscussion, logical argument and presentation of & viewpornt, (b) an
appreciation of the chenueal and social implications relating to an
apparently simple process, (<) an appreaanon of the relationships between

Q‘"m structures and chemical technology.
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Number of purtlclpants meded 9-21. .

Time required: 2 - 2% hours. '
Contents of package: tape, slides, booklets. )

Special facilities required: cassette player, slide projector.

Outline of exercise. Participants are introduced th the problem of the
Amsyn Compan) through a short tape/slide preschtation. They then adopt
roles 1n a simulation, as they try to solve the problem of the company,
which is faced with closure begause of the introductuon of new, more
stringent pollution conditions, In the end, they find that there is no easy
solution to the problem.

THE ENERGY PROBLEM
Author: N Reid
Publisher Scottish Council for Educauonal Technology, Dowanhill,
Victoria Crescent Road, Glasgow :
First published: 1977 (revised 1978, 1980)
Price: £8.00

" Type of exercise: simulation game:
Cuurus}ur whick exercise 1s suitable  chenusery, ;,cmml science, science
n society courses at middle and upper secondary level, .
Educatiunal auns to provide (2) hnowledge of the energy prospects for
Batain, (b) awareness of the scale of investment required to develop
energy sources, and to encourage a willingness to make choices, and
relate the results to future choices. :
Number of participants needed. up to 20 playcrs in 4 groups.
Tume required 1 school doublg period of roughly 1% - 1% hours.
Contents of package. wape, slides, paperwork,
Spectal facilities required. casseute play er, shde projector. A computerized
verston s also avadlable. A PLT cassette 1s available from the Computing
Deparument, Jordanhill College of Education, Southbrae Dave, Glasgow.
Outline of exercise Pupils compete in groups to plan for the develupment
of prumary cnergy, for Bnzamn for the next half-century. Scores are
awarded acegrding to success.

THE FERTILIZER PRORLEM .

Auzbor N Rtnd

Vlctom Crcsccnt Road C‘lasgow

First published: 1977

Price: £1.50

Type of exercise. manual case study.

Courses fur which exercise is suttable. chemistry courses at nuddle
secondary level (designed specifically for Scottish O Gradc) '
Educational anns to develop (a) knowledge of the nature of fertihzers n
chemical terms, (b) an awareness of some of the factors influencing choice
of fertilizers, (c) an awareness of the contribution of chemistry to food
produetion, (d) experience of data handling and communication within

@ " peer group.
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Number of participants needed: up 1o 20 in groups of 3 or 4.

Time required. 1 school double period of roughly 1% - 1% hours.
Contents of package: paperwork.

Special facilities: none.

Oulline of exercise. Pupils are given data on a range of compounds that
nught be useful in making a compound fertilizer.“They work in groups to
assess the evidence, and choose the mosz likely compounds.

THE MANUI'ACTUR!:. OF SULPHURIC ACID i

Authbors: R Edens & D Want '

Publisber. Schools Couaul, distributed by Edward Arnold (Publishers)
Lid, London “

First published: 1978 .

Price. part of pack (‘omputcrs in the Chemistry Curriculum edited by
K Shaw and D Want, price £15.00

Type of exercise: computer simulation.

- Computer language: BASIC.

Courses for which exercise 1s suitable. chemistry courses from middle
secondary to-lower tertiary level.

Educational anns  to present information about a process in such a way
that the prinuiples underlying the choice,of conditions can be worked out
with a consequent improvement 1n retention and understanding, to show

.what 1s meant by ‘chemcal principles’ and how compromise with these

is almost inevitable.

Number of participants needed: groups of 3 or 4.
Contents of package. teacher's hotes, students’ leaflets, computer peogram.
Spectal faulities requared nteractive computer terminal or microcomputer.
Outling of exeruse. Students invesugate the cunflicting demands of bést
cqulhbnum yield, lmgh daily production and profitable manufacture in

a sulphuric acid plant.

THE PROTEIN PROBLEM

Author. N Red (based on an original idea from F Percival)

Publisher. Scotush Counal for Educational Technology, Dowanhill,
Victoria Crescent Drive, Glasgow

First published. 1977

Price £2.25

Type of exercise manual case study.

Courses for whih exerase is sustable  chemistry courses at middle and
upper secondary level.

Educational ams  to provide (a) knowledge of the basic facts of protein
chenustry and the imiportance of protein in hiving systems, (b) awareness
of the nature of the world proten shortage, and what might be done
abuut it also, to cncourage communication skills and a willingness to
argue and discuss issues relating to large-scale problems.

Number of participants needed: up to 24 in groups of 6.
Time requared. | school double period of roughly 1% - 1'4 hours.

G tents of package: sheets of paper.
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Special facilities required: none.

Outline of exeruse  After an introduction to the topic of proteins, pupils

are divided into groups of 6, and 6 different sheets are issued. 5 of the

sheets provide information on 1 aspect of the world problen, the 6th :
being a chairman’s guide, which contains a series of questions. A highly
structured discussion follows.

THE PVC STORY (CHEMISTRY IN ACTION - 2)
Author: N-Reid
_Publisher: Heinemann Educational Books, L.ondon
" First published: 1980
Price part of a textbook Chemistry About Us by A H Johnstone,
T | Morrison and N Reid.
Type of exercise: manual case study.
Courses for which exercise is suitable. chemistry courses at middle
secondary level (specifically designed for Scottish O Grade).
Educational aims to make the participants aware of the modern rapid
growth of plastc production in Britain and appreciate that this growth
will probably not continue indefinitely, to cultivate inter-personal,
communication and decision-making skills.
Number of participants needed: groups'of 3 or 4.
Time required. roughly 40 minutes.
Contents of package part of textbook {one textbook required for cach
participant).
Special facilities required: none.
Outline of exercise Pupils are introduced to the growing use of PVC, and
to 3 possible routes to the monomer. They have to select the best route
and look at various other aspects of production,

THE SULPHURIC ACID STORY

Autbor. N Reid

Publisher: Scottish Council for Educativnal Technology, Dowanhill,
Victoria Crescent Road, Glasgow

First published: 1977

Price: £6.00

Type of exercise manual case study.

Courses for which exeruse is suitable. chemistry courses at middle
secondary level (designed specifically for Scqttish O Grade).
Educational aims to provide (a) a basic understanding of the sahent
aspects of sulphuric acid production, (b) an awareness of the changing
pattern of industriai production as external conditions change, to
encourage a willingness to make decisions on the basis of supplied data.
to develop communication skills within a peer group.

Number of participants needed: 9 - 21, in groups.

Time required. 1 school double period of roughly 1% - 1% hours.
Contents of package: tape, booklets and work sheets.

Special facilities required cassette player. —

ln'ulme of exercise. Pupils work in 3 groups to take simulated production

CERIC 155" '
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dccmo& at 3 points in the past, covering a range of 100 years of acud
pwduutu{n in Britain, Up-to-date data is provided at the end, and the
current data assumegs a greater significance in the context of the history
of the industry.

THE YOUNG CHEMIST N

Authors: U Zoller & J Timor

Publisher. further information from the authors at Dwision of Teaching
in Science and Technology, Technion-Israel Institute of Technology,
Technion City, Haifa, Isracl

First published: 1980

Type,of exercise: board game.

Courses for.which exeruse is suitable. chemistry courses at middle
secondary level.

Educational aims to provide the participants with the opportumty to
exerase the scientific meth odology of logical process, to provide a vehicle
for the participants to achieve a wide variety of cognitive (eg periodic
table, chemical bonding) and non-cognitive (eg co-operation, inquiry)
outcomes,

Number of participants needed no restrictions but minimum of 4.

Time required. 1 school double period of roughly 1% - 1% hours.
Contents of package. a collection of cards (game story, question, clue,
information, element, graph): 2 game boards.

Special facilities required: none.

Outlme of exercise. ‘The class 1s dwvided intd groups of 4 within which
there are competing pairs who have to pick up question cards in numbered
order and discuss (within each pair) the presented question in an attempt
to reach the right solution. The answer agreed upon is then compared to
that of the opposing pair and the two answers checked against the answer
sheet. Clues can be taken in trying to find the correct answer and a
scoring system 1s used on ¢ach item. The winning pair (within each group)
18 the one which scores the most points over the entire game, which ends
with the successful independent cunstruction of the first part (18 elements)
of the periodic table.

WHAT HAPPENS WHEN THE GAS RUNS OUT?
Authors. F Percival & A H Johnstone
Publisher. Education Diviston, The Chemical Society, Burlington House,

’ Piccadilly, London W1V OBN
First published: 1977
Price. £2.50
Type of exercise manual case study.
Courses for which exercise is suitable chemistry courses at upper
secondary and lower tertiary levels.
Educattonal arms. to make the participants aware of the problems that will
have to be faced by Britain's gas industry over the next 20 - 30 years, to
help develop communication, inter personal, intcrpretative, problem-solying
G decision- makmg skills. ’ .
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Number of participants needed. groups of 4 -8 people.

Time required 2% Flours (mmmum),

Contents of package teadher's guide, resource materials for partiapants
(A4 sheets).

Special facilities required: none. 1
Outline vf exercise What Happens When Thc Gas Runs Qut? is a ‘
structured case study on the future of Britain's gas industry. Working 1n

co operative groups, the participants have to study the various uptions

available and formulate an overall policy for the eventual replacement

of natural gas.

!
|
|
|
WHAT IS AN EXPLOSIVE? |
Author N Reid |
Publisher Scottish Counal for Educatonal Technology, Dowanhill, 1
Victona Crescent Road, Glasgow |
First published: 1977 |
Price. £4.00 |
I'ype of exercise manual case study. .
Courses for whick exercise is swtable  chemistry courses at middle

secondary level (designed specaifically for Scottish O Grade).

Fducational anns  to develop (a) an understanding of the essential

characteristics of explosives, (b) an @wareness of the history of explosives,

(¢} an appreaation of the moral dangers in using explosives and the

atutudes represented by Nobel.

Number of participants needed. any number up to 20.

Trme required. 1 school double period of roughly 1% - 1% hours.

Contents of package. tape and booklets,

Special facilities required. cassette player.

Outline of exerase The package uses the development of explosives to

discuss the nature of burning and rates of reaction. The modern-day

explosive is setin an historical context, and the cuntnibution of Nobel

constdered. Participants conclude by writing short essays.

BICLOGY CROSSWORDS

Autbors B Eveling & S Hind

Publisher Sigma Technical Press, 23 Dippons Milt Close, Tettenhall,
Wolverhampton WV6 8§ HH

First published. 1978

Price £1.25

Type of exercise set of crossword puzzles.

Courses fur which exercise 1s sutable biology courses at middle
secondary level (speafically designed for English O level course).
Educational aims  toserve as a reinforcement and revision tool covering
all aspects of biology included in the above course.

Number of participants nevded can be used with groups of any size or
for private study.
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Tinte required. Each crossword requires roughly 30 minutes to comiplete.
Contents uf package teacher's guide, sex of 20 crosswords (1 copy of each).
with solutions. <
Speciul facilities required. none. ‘

Outline uf exercise. The parucipants complete the crosswords in the
wnventional way. The 20 puzzles in the pack cover different branches of
general biology, human biology and botany.

BREAKDOWN — A DIGESTION GAME

Awuthors: R D Stamp & W Harrison

Publsher Longman Group Ltd, Resources Umit, 9/11 The Shambles,

York

First Published. 1975

Price £0.55

Type of exercise. board game.

Courses for wbich exerase 1s surtable brology courses at middle to upper

secondary level.

Educational arms 1o help participants understand the process of digestion.
®  Nwmber of participants needed. 2 - 4 players.

I'ane required. 1 school double period of roughly 1% - 1% hours.

Cuntents of package A+ booklet whose outer sheets (of thin card) are

used to prepare the board and other playing materials. The inner shects

(of paper) constitute 4 9-page bachground reader/instructional booklet

for the pupils.

Specdl facilities required  scissors to prepare playing materials, matchsticks

to mount spinners.

Outhine of exercse The board represents the food channels in the body.

The participants take a tood load around the board using a spinner and

act un the instructions vn the squares as appropriate. The game is finished

when all players have left the system.

CIRC -
Inquines R Lewss, Educational Computing Section, Chelsea College,
Pulton Place, London SW6 5PR

First published: 1977

Type of exercise computer simulation.

Computer language. BASIC or FORTRAN.

Courses for which exerase 1s suitable biomedical courses at tertiary level.
Educational atms to allow the student to discover the propertics of the
heart as an autoregulator, neural and hormonal controls having been
removed.

Number of partiapants needed. The exercise can be used cither
individually or with smali groups.

Time requred: 1 hour.

Contents of package teacher’s guide, students’ notes, computer program.
Specual faciities required: graphics terminal.

Outline of exerase This progran\ provides an introduction to the
arculatory system using a simple model. Iniually the Starling heart-lung

Aruitoxt provided by Eic:

ERIC 159




|

180 GAMES AND SIMULATIONS IN SCIENCE EDUCATION

preparation is simulated, and the user can alter variables such as the
temperature, fluid resistance, ur hydrostatic pressure of blood returning
to the heart. The program displays plots of 5 dependent variables (heart
rate, arterial pressure, stfoke volume, right atrial pressure, flow rate) as
functions of 1 or 2 independent variables. The effects of drug addiction
(eg adrenalin or barbiturates) and ageing of the preparation can be
investigated.

CLASSIFICATION

Authors. R D Stamp & W Harrison

Publisber Longman Group Ltd, Resources Unit, 9711 The Shambles,
York

First published: 1975

Price: '£0.55

Type of exercise board game.

Courses for which exercise 1s sutable  biology and general saence courses
at middle to upper secondary level.

Fducational aims to helpthe participants understand the classification
process for living and non-living things found in nature.

Number of participants required: up to 8 players.

Time required 1 school double period of roughly 1% - 1% hours.
Contents of package A4 booklet whose outer sheets (of thin card) are
used to prepare the board and other playing matenals. The inner sheets
(of paper) constitute an 8-page background reader/instruction booklet
for the pupils.

Special facilities required  scissors to preparc playing materials,

Outline of exercise ‘The board is in 4 sections, each representing a part of
the living or non-living world. The exeraise is in 2 parts. In the first the
parucipants have to arrange a set of cards on vne section of the board,
thus classifying one section of the lving or non-living world. In the
second, which is competitive, the participants play on all sections of the
board, thus gaining an appreciation of how the world can be ordered by
using classification procedures.

COEXIST (UNIT ON POPULATION DYNAMICS)
Author. P ) Murphy .
Publisber Edward Arnold (Publishers) Ltd, London (Chelsea Science
Simulation Project)

First published: 1975 o

Price. £7.25

Type of exercise computer simulation.

Computer language: BASIC,

Courses for which exercise 1s statable biology courses at upper secondary
and lower tertiary levels,

Educational aims to demonstrate that an apparently straightforward
biological situation, such as the interaction between two species and their
environment, 1s in fact quite complex, although this complexity can be
overcome by considering the problem in its component parts, to help

ERIC 1
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Number of participants needed. The exeruse can be used either
individually, or with small groups.

Time required: 1 - 2 hours.

Contents of package teacher’s puide, students’ notes, computer program,
Speawl facthities requared  computer ternunal or microcomputer.

Outline uf exerase In this exercise, experiments can be simulated which
mvesugate the effect of changing certain parameters (initial populaton
size, saturation population size, number of oftspring, generation time)
which have a bearing un the growth rates of non-compeung species. It can
also be used to carry out a second series of less straightforward
‘experiments’ on competing species in which the influence of these four
parameters and a fifth, the competiuve inhibitory {actor, can be studied.

COMPETE (UNIT ON PLANT COMPETITION)

Author: M E Levendge

Publnbher Edward Arnold (Publishers) Ltd, London (Chelsea Science
Stmwlation Project) ¢

Fust published. 1977

Price £7.25 :

Type of exercise computer simulation.

Computer lunguage BASIC.

Courses for whih exercise s suntable bology courses at middle and
upper secondary level,

Educational dims  to enable students to study interactions between
flowening plants, to plan and investuigate plant growth experiments.
Number of participants needed The exerase can be used cither
ndwdually or with small groups.

Time required: 2 - 3 hours,

Contents of package teacher’s guide, students’ notes, computer program.
Specud faciities required: interactive computer terminal.

Outhine of ¢xerase This unit combines actual experimental work and use
of second-hand data with two comiputer simulations of plant growth. The
first of these simulates monoculture experiments in which the growth of
different hinds of plants can.be simulated by different students. The
second simulation gives students an opportunity to plan an investigation
on the interacnions between different mixtures of plants.

COUNTERCURRENT SYSTEMS

Autbor M E Leveridge

Publisher Sthools Counctl, distributed by Edward Arnold (Publishers)

Ltd, London ]

First published. 1978

Price. part of a pack Computers in the Biology Curnculum edited by

M E Leveridge, price £15.75 :

Type of exercise. computer simulanon.

Cj'""puler language. BASIC. l —
ERIC L
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Courses for which exercise s sutable biology courses at upper

secondary and lower tertiary levels,

Lducational ims o demuonstrate and explore models of exchangers and
mulupliers.

Number of participants needed. The exeraise can be used either
individually or with small groups.

Contents uf package teacher’s notes, students’ leatlets, computer program,
Spectal facilities require d iteractive computer ternnnal or microcomputer.
Outhine of exerase The computer sets up simple models of a heat
exchanger anda countercurrent muloiphier which can then be mvestugated
by students,

DYL .
Inquiriey R lewas, kducatonal Computing Section, Chelsea College,
Pulton Place, London W6 5PR

Fint published 1977

I'ype of exercse computer siumulation,

Computer language BASIC or FORTRAN.

Courses for which exerase is saatable biomedical courses at tertiary level,
Flucational aoms to make students aware of the prncples involved in
the indicator method for measunng cardiac output,

Number of participants needed The exercise can be used either
individually or wath small groups.

Iime required 1 hour.

Contents of package teadher’s guide, students’ notes, computer program.
Special faciities required graphics terminal.

Outimne of exercse There are two programs which simulate the mjection
of an wdicator dy ¢ mto the blowud stream ot 4 patient. The first s
relatively simple and the student learns somiething of eaponential plots
amd tme constants. The sceond is more realistic and the student performs
semi-log plots 1o determine the patuent’s cardiac output.

ENZKIN (UNIT ON ENZYME KINETICS)

Author ML Heydeman

Publisher Edward Arnold (Publishers) Ltd, Londun (Chelsea Science
Simulanon Project)

Fint published 1977

Price £7.25

Type of exercse  computer simulation,

Computer Language BASIC.

Cuotrses for which exercne i suttable: bology and biochemustry courses
atuppersceondary and lower ternary levels.

Fducationa) s to enable students to grasp the fundamentals of enzyme
himenies, to cuaourage ingenuity in dealing with an unknown system, to
provide experience ot data handling and interpretation, to wntroduce
students to sume uf the more comples situdatiuns 0 enzyme kinetics such
as substrate inhibition, co-operaunity, ang the nfluence of a cofactor.
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Number of particspants needed The exercise can be used cither
individually or with small groups.

Tirme required. 2 - 3 hours,

Cuntents uf package tefdher's gude, students’ notes, ompu(cr prograni.
Spectal facilities required interacuve cotnputer teenunal or microcomputer,
Outline of eacrene The exeraise gives practice in planning an experiment,
rather than simply interpreung the results, through a senies of simulated
expernmments on enzyme kinetics.

EVOLUT (UNIT ON NATURAL SELECTION)

Awthor S MeCornuek

Publnsher Edward Arnold (Publishers) Ltd, London (Chelsea Science
Simulation Project)

First published: 1975 )

Price L7.25

Type of exercise computer stmulation.

Computer language. BASIC

Coterses for which exercse 1s sutable biology courses at nuddle and
upper sccondary level, .

Lducational ams to enable the student (a) to understand the producticn
of adapuions by the action of selectivn on random variables, (b) to
understand adaprion to specific envicormental conditions in relation to
survival'valiue, (¢) to gun expenence in manipulaung modcls of selection
acung on populations.

Number of partiipants. needed “The exerase can be used ?cithcs
individually or with small groups.

Time required. 142 - 2 hours.

Cuntents of package teacher’s guide, students’ notes, computer program.
Special pacilities required. interactive computer termnal or microcomputer
Quthne of excrcise. The first part of the simulation uses a model whose
us¢ depends on an understanding of the principles of the theory of
evoluton, the mechanism of natural selection and variation In the second
part, the student is introduced to « model with which he can experiment
with selecuve forces acting i different ways. He can thus change and
direct fluctuations 1n gene frequency within a gepe pool of specified
populanun. The student is introduced to the computer model by using’
an experimental pea model.

HUMAN ENERGY EXPENDITURE
Author ] Denham
Publisher Schouls Council, distributed by Edward Arnold (Publishers)

" Ltd, London

First published 1978

Price partof a pack Computers in the Biology Curniculum edited by
M E Levenidge, price £15.75

Type of exercise computer stmulation.

Computer language: BASIC.
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Courses for which exerase 1s suttable brology courses at lower and
muddle secondary level

Fducanonal apms to allow students to explore energy requirements in |
relation to acunaty, sex and muss without doing any caleulation. }
Number of participants needed. The excrase can be used either |
ndividually or with small groups. |
Contonts of package teacher’s notes, students’ leaflets, computer program ‘
Specul factines requared interacuve computer terminal or nucrocomputer,
Outhine uf caeraase The computer program calculates human energy |
requirernients for difterent activities which can be speafied by students, |
It contans data for men and women undertaking 72 difterent acuvities,

INHERITANCE

tuthor M F Levendge

Publber Schools Coundl, distnbuted by, kdward Arnold (Publishers)
Ltd, London

First published 1978

Price part of a pack Computers in the Biology Curriculum ediced by
M F Levendge, price £15.75 ¢
Fype of exercise computer simulation.

Computer language BASIC.

Courses for which exercse 1s suitable brology courses from middle
secondary to lower tertuary level,

Fducanional aomy to supplement students' breeding investigations carried
out 1n the nurmal laboratory. to enable students to plan crosses and
analyse results carefully,

Number uf partrcipants needed The exerase can be used either
mdividually or wath small groups.

Contents of package teacher’s notes, students’ leaflets, computer program,
Spevrad facitses regured interactive computer terminal or microcompurer,
Outline of cyerase Inthis computer simulation, students use 4 simulated
breeding investugations for the study of genetis. 3 of the speaies studied
are ammals (Drosophila, mice and man) and 1 1s a plant (tumato). A 5th
prugram contains a smple model of mulufactonal inheritanée in a
hypothetieal situation,

INVASION (MICROBES)

Authors R D Stamp & W Harnison

Publisher Longman Group Litd, Resources Unit, 9/11 The Shambles,
York

First published 1975

Price LU 55

Type of exercise board game.

Courses for whah exercise is suitable biology and general saence courses
at nuddle to upper secondary level,

Fducattonal iy The game simulates the wars that are constantdy being
fought to maintain the health of our bodies. 1t 1s designed to help pupils
learn how 1t1s possible for the body to ward off the attacks by various
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4
thsease-causing microbes by deploying a range of different defence
mechanisms.

Number of participants ne cdod 2 - 8 players.

Time required. 1 school pcnod of roughly 35 - 40 nunutes for cach
section of the game to be covered by a given pupil. (The 4 sections can
be played simultancously by up to 8 pwpils).

Contents of package A4 booklet whose outer sheets (of thin card) are
used to prepare the board and other playing matenals. The inner sheets
(of paper) constitute 2 12-page background reader/instrucuonal booklet
for the pupils.

Special factiittes required. scissors to prepare buard and playing pieces,
matchstick tor mounting the spinner.

Outhine of exercise Pupils play in pairs, cach pair using one sector of the
buard which represents a part of the body (lung, gut, sex organ and skin).
Each pupil chooses an opponent, a sector of the board and a role
(defender or attacher) before play commences. The gamie s in 2 parts.

in the first, the attacker and defender try to colonize their section of the
board and draw up battle hnes, in the second, the attacker tries to occupy
& many areas of the batdefield as possible, while the defender tries to
eliminate the attachs. .\ sconng systenm s used to decide whether the
attack has been successful or whether the potennial disease has been
overcome,

LINKOVER (UNIT ON GENETIC MAPPING)

Author P ] Murphv

Publishber. Edward Arnold (Publishers) Ltd, l.undon (Chelsea Science
Simulation Project)

First published: 1975

Price. £7.25

Type of exercise computer simulation,

Computer language: BASIC.

Courses for which exercise is sutable. biology courses at upper
secondary and lower teruary levels.

Educational aims  to improve students’ comprehension of linkage and
genelic mapping, tv allow students to plan and execute a programme of
associated experiments.

Nwmber of partiapants needed The exerase can be used either
individually or with small groups.

Time requuared 3 hours of computer sessions plus 212 hours of associated
classwork.

Cuntents of package teacher's guide, students’ notes, computer program.

Specut pacihitics requared interacuve computer terminal ur mecrocomputer,

Outline uf exeruse The first stage of the computer invesugation involves
the selectiun of gene combinations either alphabetically or utherwise unul
the sequence of the genes i the linkage group has been established. The
second stage involves the selection of adjacent genes so that the distances
separating the geaes can be accurately calculated. The students are then
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mvolved in producing an securate genetic map of the single chromosonig
of the *electrome species’ under imvestigation. /

NUTRITION

Authors: R D Stamp & W Harrison

Publhsher Longman Group Ltd, Resources Unit, 9/11 The Shambles,
York .

First published: 1975

Price. £0.55

Type of exercise board game.

Courses for whih exerase s surtable biology courses at nuddle to upper
secondary level.

Educational aims to help participants understand the energy chain. which
converts the sun's erergy intw food, to make the participants aware of the
types and quanuties of foodstuffs required to provide man with a
balanced diet, to highlight the world’s present food erisis.

Number of parncipants needed: 2 - 4 players.

T'te required 2 school periods of roughly 35 40 munutes each (1 period
for ecach g.uncf.

Contents uf package A4 booklet whose outer she s (of thin card) are
used to prepare the buards and other play ing matenia's. The inner sheets
(of paper) constitute a 6-page bachground reader/instructional bouklet |

+ for the pupils.

Speaal facitios required  seissors to prepare the playing materials.

nutichstick for mounung the spinner.

Outlime of the exercise The pachage consists of 2 games. The fiest, The

Energy Chain, involves the partiapants in progressing to the top of a

pyramud using 4 spinner to overcome vbstacles on the way. They each

start with the sime amount of eneryy, but end up with different amounts,

depending on how successfully they chimbed the pyranud. In the second,

Faang Fanune, the participants have to produce a balanced diet in both

the developed world and the undeveloped world. They are ashed to fill in

the nutnitional values of all the food in the meals deseribed on vazious parts

of the board on their daily diet sheets, The game ends when all players

have had the sppurtunity to wollect nutrients from each meal on the board.
\

OPERON

Inguines K Lews, Educational Compuung Section, Chelsea College,

Pulton. Place, London SW6 5PR

First pyblisbed: 1977

Type 13‘ exercise computer simulation.

_ Computer language. BASIC or FORTRAN.

Courses for which exercise 1s suitable biology courses at teruary level,
Educatronal aims  to allow students to combine genetic elements at will.
Number bf participants needed. The exercise can be used either
individually or with small groups.

Time required: 1 hour,

“ontents of package teacher's guide, students’ notes, computer program.

RIC |
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Specal facshares repuind graphiss terminal or alphanumenic termunal,
Outline of exerase This package provides an introduction to the
Jacob-Monod model of genetw induction, Vanous options allow the
student to selectone, or the cross of two genetwe strains, or to create his
own by specify ing the vrder of genes within the operon and the content
of the genes. The student can then make a simulated assay for enzymic
actinty, with or wmithout inducer, for vanous tmes of sampling, total
assay and mtroduction of 1nducer.

POLY

Drpeartes: R Lewss, Educanional Computng Section, Chelsea College,
Pulton Place, London $W6 5PR

First published: 1977

Type of exercise computer simulation,

Computer langeaage BASIC or FORIRAN,

Counes for whith exerdse 1s suntable. brology courses at tertary level.
Educational atrms to renforee teaching on pulygenic inhentance.
Number of partscipants needed. The exerase can be used erther
indmidually or with smuall groups.

ime required 1 hour,

Conteats uf package  teacher's guide, students' nutes, computer peogra,
Spectal factheres requered  graphics werminal, %
Outhme of excrene The package models a simple situation of polygeme
mhentanee. Fhe sdent controls the number of relevant lud (up tw §),
the t3 pe of domunsnce (dassical ur co-dommance), the phenuty pic effect
of cach allcle and the parental genoty pes. Any number of uffspring are
then produced frum the specificd mating, and a histogram s buile up
showing the number ot organisms in cach phenots pe class. The model
can also be used to set simple statistical exercises using random
distnbunions.

POND ECOLOGY

Autbors. ] A Tranter & M E Levendge

_Pubbisher Schouls Counal, dstnbuted by Edward Arnold (Pubhshers)
Ltd, London

Farst published 1978

Price part of 2 pak Computers in the Biology Curnicuium edited by
M E Levendge, pnee £15.75

Type of exeicise computer simulation.

Computer langeage BASIC.

Courses for whach exerane i surtable bology courses from nuddle
secondary to lower tertary level.

Educational arrns w enable students to study the interactions between
the trophic levels and sume of the effects of man upon them.

Nwmber of partwcipants needed The exercise can be used cither
individually or with small groups.

Contents uf package  teacher's notes, students’ leaflets, students’ notes,

uicr program.
ERIC
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Spectyd pactlities requircd mteracuve computer ternunal or micrucompurer.

o

O

ERIC

Aruitoxt provided by Eic:

()u;lmc wf eaerase This computer simulation sets up a model ecosystem
_which allows the cffects of fishing and pollution on the numbers of
“phytoplankton, herbivores and fish to be invesugated.

PREDATOR-PREY RELATIONSHIPS

Author: J Denham

Publishe:  Schools Counal, dlstrlhu(cd by Edward Arnold (Publishers)
Ltd, London

First published: 1978 -

Price part of 3 packh Computers in the Biology Curriculum edited by

ME Leveridge, price €15.75

Iype of ecercise: computer sumulation,

Computer language BASIC.

Courses for whih exerase s surtable bivlogy courses at upper secondary
and lower teruary levels.

Educational aums. to enable students to study some of the effects of the
interactions between predutors and prey.

Number of participants needed. The exerase can by used enther
mdividually or with small groups.

Gontents of package teacher's notes, studentg, leaflets, computer program,
Spectad pucilities required anteractve computer terminal or microcomputer.
Outhine of exercse A simple model of the reliuonship between predator
and prey 15 set up and imvestgated. The effects of the interactions upon

the sizes of predator and prey populations are studied by setting up a model
of an ¢cosystem contamng 1 prey species and 1 predator speaies,

SELECT

Inquines R Lewss, Educatipnal Compuung Section, Chelsea College,
Pulton Place, London SW6 SPR

lirst pubushed 1977

Type of exercise computer simulation,
Computer language BASICor FORT RAN.
Courses for which exerase o sutable Biology courses at tertary level.
Educational aims 1o reanforee teachiog on populaton geneties.

\umber of participants needed  The exerase can be used either
inchvidually or with small groups.

Time required- 1 hour,

Cuntents of package teacher’s gumde, students’ notes, computer probmm
Specral facilities reqeared. graphics termunal or alphanumenie ternunal.
Outline of exercse. This package models natural selecnon in action for a
one gene/two allele system. The student can control the fellowing
parameters relative viability of the genoty pes, mutauon rates, migration
rates, size and natwral composition of the populativn and the breeding |
system in operation in vrder to nvestigate how the population changes
through any number of gencrations, The model is stochastc for small
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populations and deternunistic for large ones,

™ STATISTICS FOR BIOLOGISTS
>\ Adehor M E Levendge
Fiisher Schools Counal, distnibuted by Edward Arnold (Pubhshcrs)
Lud; London - - .
Farst publisbed 1978
Pace partof 2 pack Computersin the Biology Curnculum edited by |
_ WE Levendge, price £15.75
Type of exercise computer simulation. ’
Computer language BASIC.
Courses for which raeruse 1s suttable biology courses at upper
secondary and lower teruary levels,
Educational aypms to help students appreuiate the statistics used n

. b:olog\
K Number of partrtpants needed. The exercise can be used esther .
v indmidudily or wath small groups. / -

Cuntents uf package teacher’s notes, students” leaflets, computer program.
Speandd faciiitics 1o ygmared anteractive computer terminal or microcomputer,
Outlne of exeraase The computer symulates results of brological
expenmients, the dats from which 15 used to assist in the development of

\ studcn\ts" undentanding ot statstical technmiques. 5

THE DEAD RIVER .
Autbor E N Swinerton )
Publisher. Unyon Panting Co Ing, 17 W Washington Street, Athens,
. Ohio 45701, USA
: Ferst publshed 1973
Price $14.00 {reductions available for orders of 10 or more)
Type of exerase manual role-playing simulated ease study.
Y Cunrses for which exercoc o osuntable biologr, ccology , environmental
studies, suaad studies and general studies cotrses at middle secondary
6 lower tertiary lovel.
' Educatronal aims 1o mahe the partiapants aware of the complexities of
wates teovutye problems and the methods used to solve them, to help
deselop ater personal, communicatgon, deasion making and problem
S solving skills
Number af paracipants needed 10 - 30
Itme requared 2 - 3 hours (mimmum)
Conlents of puckage. teacher’s manual, sets of team guide books, team
name plates '
Specul fucdtires regured none.
Utline f eaxerene The Dead River simulates 2 water pollutios problem.
fach partiapant 1s ven a role to play i planning to clean up a niver
angd forms patt ot a team Vtaxpayers’, "developefs’, ‘recrcation association
members’, suentsts’ and others’y The vanous teams try to estzbhish

e 173

M T v - »,

N e -
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the quality standards they think are important for their particular uses
of the river, after which they try to agree on a quality standard
acceptable to and within the financial means of all the groups.

THE GREAT BLOOD RACE
Aughors: R D Stamp & W Harrison
Publisher Longman Group Ltd, Resources Unnt, 9/11 The Shami)lcs,
York '
First published: 1975 !
Price. £0.55
Type of exercise board game, . .
Courses for which exeruse » sustable biology and general sciende courses
at middle to upper secondary level. '
Educativnal anms  to help the parucapants appreciate the composition and
cireulation of blood in the human body, the main orgaus it visits and the
reasons why, and some of the things that can go wrong with the

/" circulation system,
Number of participants needed 2 - 6 players.
I'me requared 1 school period of roughly 35 - 40 minutes,
Contents uf package A4 booklet whose outer sheets (of thin card) are
used to prepare the board and other play ing materials. The inner sheets
(of paper) unstitute an 8-page background reader/instructional booklet
for the pupils.
Specaal facthues required  scissors to prepare board and playing picces,
personal counters (1 per pupil), 2 matchstichs for mounting the spinners.
Outline of exerase The board is designed to represent the blood
circulauon system in the human body and the excrcise 1s really a race
around the arculation system. The game starts by pupils taking turns with
a spinner in order to collect together the 5 components of whole blood.
Once these have been acquired, the pupil can enter the board game proper.,
The rate of progress round the trach representng the arculation system
is controlled by 4 6-s1ded spinner and is helped or hindered by various
chance and other factors, The hindering factors occur regularly and
confront the pupils with problems they can only solve if they know
certain facts about human blood. The winner of the game s the first

. pupil to complete’a single circuit of the board.

1 3

THE RIDPEST FILE

Publisher BP Educational Service, PO Box §, Wetherby, West Yorkshire
LS23 7EH

First publisbed. 1977

Price £12.96

Type of exercise. manual simulated case studies.

Courses for which exercse is sutable science courses at upper secondary
and tertiary levels,

Educational auns 1o enable the students to partucipate in the experience
of decision making in the fields of biology and environmental studies.

" ERIC 15
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Number of participants needed: up to 24."
Time required. up to 4 hours for cach case study.
Contents of package eacher’s guide, audio cassette, filmserip,
information cards, newspapers, work sheets.
Specul facilities required cassette player, filmstrip viewer.
Outhne of exercise The package consists of 4+ simulated case studies,
dealing with different aspects of pests and pest control. The material in
cach case study is adaptable for use with different abality groups. The
participants use the resource material and the work sheets in order to
ma ke important decisions un crop protection and pubhic health. The
titles of the individual case studies are as follows

1. Plants in the wrong place

2. Potato famine

3. Insects at home and abroad

4. Help the harvest,

TRANSPIRATION

Authors M Y Leveridge & J Pluck

Publisher  Schools Council, distributed by Edward Arnold (Pubhshcrs)
Lid, London

First published 1978 .
Price part of a pack Computers in thc Biology Curriculum edited by

M E Leveridge, price £15.75

Type of exercise: computer simulation, .

Computer language: BASIC.

Coterses for which exerase s suitable. biology courses from middle
secondary to lower tertiary level,

Educational aims to allow students to carry out investigations nto the
environmental effects of transpiration,

Number of participants needed The excrcise can be used either
individually or with small groups. . .

Contents of package teacher’s notes, students’ leaflets, computer program,
Spectal facilites nqmred Interactive computer terminal or microcomputer.
Outline of exercise The effects of the environment on water loss from
plants are modelled and studied.

S

TRANSPORT IN PLANTS

Authors;, R D Stamp & W Harrison

Pubhisher Longman Group Ltd, Resources Unig, 9/11 The Shambles,
Yqrk .

First published- 1975

Price £0.55 . . \
‘Iype of exercise- board game.

Cousrses for which exercise 1s sustable biology and general science courses .
at middle to upper secondary level.

Ediccational amis  to help the parucipants appreciate the food
requirements of plants, how this food 1s made from raw matenals by

ERIC 18 -
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the process of photosy nthests and how it 1s transported to the roots for

nourishment (the potato wber s used as the example).

Number of participants needed 4 players.

Time required 1 school period of roughly 35 - 40 minutes.

Contents of package A4 booklet whose outer sheets (of thin card) are

used to prepare the board and other playing matenals. The inner sheets

{of paper) constitute an 8-page bachground reader,instructional booklet

for the pupils. .

Special facshes required sussors to prepare board and playing pieces,

2 matchsucks for mounung the spinners. .

Outltne uf exerase The game 1s divided into 2 sections, In the first, the

pupils gather together water, mineral salts and carbon dioxide (being the

raw materials) and move them in turn along the board from the soil to

the palisade cells of the leaf so that photosynthesis can take place. The

various factors governing the rate of uptake of these materials are

represented as hazard or bonus squares on this part‘of the board. In the

second part, the object is to transport the food (sucrose) {rom the leaf

to the tber as quickly as possible. Again the various factors which affect

the rate of aptahe of sucrose by the tuber are represented by hazard and

bonug squares on the board, The winner is the first player to reach the

tuber with the food. -

VITAMINS

Author P F Ploutz

Publisher Union Prinuing Co Ine, 17 W Washington Street, Athens,

Ohio 45701, USA

First published 1975 |
3 Price §10.00 (reductions avatlable for orders of 10 or more)

Type of exercise card game. |

Courses fwr which exercise is suttable biology, nutritional science, healtddt |

education and general studies coursgs atsecondary and lower tertiary levels.

Fducational wms  to help the participants leain about vitamins, their

sources and their metabolic functions.

Number of participants needed 2 - 6.

Fome required This varies according to the number of players and their

age. but s ty pically of the order of 20 - 30 minutes for the basic game,

Contents of package 33 ‘vitamin® cards, 33 *source’ cards, 33 ‘function’

cards, 22 ‘disorder’ cards, ink key chart, spinner, instruction booklet.

Special facilises required none.

Outline of vaercise Players attempt to form vitamun hinks by matching

vitanuns with their sources and functions, the winner being the first

plaver to torm 3 valid vitamin/source/function links. Variations of play

are included to provide additional open-ended activity.

El{lC 1 S0
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Section 4: Other exercises with some science or
technology content

DENTAL HEALTH PROJECT

Autbors. F Percival & H 1 Ellington

Pubhsber The Association for Science Education, College Lane, Hatfield,
Herts AL109AA

First published: 1980

Type of exercise: manual simulation game.

Courses for which exeruse 1 sttable The exercise was specially developed
for use in the ASE’s Saience in Society AO level course and is suitable for
use inscience 1n society, general studies, sociology and health education
courses at upper secondary and tertiary levels.

kducational aims. to make the parucipants aware of the arguments for
and against fluonidation of public water supples and of the procedure by
which decisions regarding public health measures are reached ac local
government level, to culuvate debanung and decision-making skills.

Number 6f participants needed The exerase is designed for use with a
Jass of up to 20 pupils or students, but can be used with smaller numbers
(min 10). ’
I'iime required 1 school double period of roughly 1% - 1% hours.

Contents of package teacher's guide, role sheets.

Specil faciities requared  none,

Outline of eaervise The Dental Health Project 1s a ssmplified version of
Fluondaton? (see page 194). It 1s based on the hy pothesis that an area
health authurity has recommended that the local water supply should

be fluoridated, and takes the form of a simulated meeung of the County
Counul, who have to make the final decision on the 1ssue. The participants
all take the role of county counaillors, and are given individual role sheets
which state thear initial position on the fluoridation ssue (for or against)
and outhne the points that they should make at the meeting, which ends
with a free vote. .
EKOFISK — ONE OF A KIND

Authors The main educational material in the package was written by
H I Ellington and E Addinall

Publisher. Phillips Petroleum Company Europe Africa, Portland House,
Stag Place, London SWIE 5DA

First published 1980

Price supphied to teachers free on request

Type of exercise mulu-disciplinary mulu-project and resource pack.
Courses for which exerase s sutable The package contains resource
material, projects and case studies for use in teaching a wide range of
subjects (including physics, chemistry, science 1n society and general
studies) from upper pnmary, through secondary, to lower tertiary level.
Educartunal aiens to explain what goes on in the North Sea o1l and gas
industries, to demonstrate the application of physics, chemistry and

O
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other academic subjecrs to an mmipe rant real-life sitvanon?

Number of particigants necded  The vanious projects and case studies in

the pachage can be used with any size of Jas$ simply by making the
appropriate number of photocopies ot the relevant dass sheet(s).

Time required  Most ot the projects and case studies can be completed
1n a standard school pertod of roughly 40 minutes.

Contents of package teacher’s guide, set of class sheets (in form of

phutucopy masters), sct of uss readers, dlustrated booklet, set of posters,

glossary of terms, A 30-minute 16mm colour tilm, Lkofisk  One of a
Kord, s also available on tree loan from Philhips Petroleum,

Specia faclities required  access w photocopier (for duplicaung class
sheets), 16mm film projector (if film s to be shown). \
Outlie of exercne Ehofisk — One of a Kind 15 a form of mului-
disciphinary mulu-project pack, containing bachground information on
all aspects ot the North Sea wil and gasrdusties plus projects and case
studies designed for use in teaching a wide range of academic subjects.
The pachage includes a number of wase studies and projects specifically
designed tor use in teaching phy sics and chenustry at secondary and
lower ternary levels

FLUORIDATION?

Authory I Percwal & 11 Elhingron

Publnher The Institution ot Elecincal Engineers, Savoy Place,

London WC2R OBL.

Fint published 1980

Price £7.00 (incp & p)

Iype of exercne manual ssmulation game.,

Courses for which cxvercse s suitable suence insoaety, general studies,
sociology and hedlth education coutses at upper secondary and tertiary
levels.

Fducationad aoms to mahe the participants aware ot the arguments for
and against tluoridation ot public water supplies and of the procedure by
which dedsions regarding public health measures are reached at loal
government level, o culuvate interpretative, communication, debaung
and deasion-making skulls,

Number of participants needed opumum number 18 (nun 13, max 24),
Fone reqiared 14 - 3 hours, depending on the level at which the exerase
1s bemng used.

Contents of package teacher's guide, introductory booklets, briefing
buoklets for various roles. .
Specidd faalities reguired overhead projector, blank OHP transparencies
and felt pens,

Outline of exercse Tuondation? is a role-playing ssmulation exercse.
It 1s based un the hy puthesis that an area health authority 15 considering
the prinuiple of fluoridation of the public water supply, and takes the
form of a simulated public meetsng called by one of the communiiy
health coundils tu discuss the question, The paruapants are divided into

IC N .
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three groups, namely supporters of fluoridation, vbjectors and ‘neutrals’
members of the local health counal who listen to the various arguments
presented and then deaide whether or not to support fluo.idation when
the 1ssue 15 discussed at 4 higher level.

GEOLOGIC TIME CHART GAME

Author. P F Ploute

Publisher Union Prntuing Co Inc, 17 W Washington Street, Athens,

Ohio 45701, USA

Furst published 1972

Price $16.50 (reductions avatlable for orders of 10 or morce)

Type of exercise board game.

Courses fur whih exeroase s sutable geology, biology and general science
courses at secondary and lower tertiary levels.

Educattonal ams. to help the participants to learn the eras and periods of
geological ume, and make them aware ot how species survive or disappear.
Number of participants needed 2 - 6.

Time requured. This vanes aceurding to the number of players and their
age. typrcally abour 40 nunutes.

Contents of package board, 6 player tokens, 100 population chips,

32 ‘Evolution’ cards, 26 *Chance’ cards, die, instructions (on box).

Specul fucthities reqmired none,

Outline of exerase Play procceds from the Proterozoic Erg, when the
stmplest of hife 1s thought to have orinated, through the Palacozoic,
Mesuzuie and Cenozote kras. Animals are introduced in the appropriate
pertods of cach era and compete with each other and with the environment
for survival.

LAB APPARATUS . ) .

Author P F Plouts ‘ .

Publisber Union Printing Co Inc. 17 W Washington Street, Athens,

Ohio 45701, USA

First published 1975

Price $9.00'(reductons available tor orders of 10 or more).

Type of exercise card game,

Courses for which exercise 1s sitable science courses at secondary level.
Lducational aums o help participants identify (by name and appearance)
100 common laboratory apparatus items, become familiar with their use,
and become aware of safety precautions associited with their use,
Number uf partiapants needed. normally 2 6, although up to 10 can play.
Time required This varies according to the number of players and their
age, but the game 1s desgned to be completed in a single school period

of roughly 40 minutcs.

Contents of package 100 cards illustrating lab apparatus, 50 function
cards, 50 safery question cards, spinner, instruction/rule booklet.

Special facilittes required none.

Outhine uf vaerase Playars identify lab ¢quipment, then answer questions
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about its use and safety Function and safety cards put players 1n situations |
where they can win or luse points. Chance fagtors add points for good lab
technique,

- NORTH SEA CHALLENGE

Author. M Lynch, Bath University, School of Education

Publisher BP Educational Service, PO Box 5, Wetherby, West Yorkshire
LS23 7EH

First published 1975 ‘
Price £12.96 .
Type of exercise manual simulated case study.

Courses for which exercise 1 suitable science courses at upper secondary
and tertary levels.

Educational arns to enable the students to participate in the experience
of deciston making in an area of high technology.

Number of participants needed 16 - 20,

Time required up w 3 hours for each case study.

Contents of package teacher’s guide, audio cassette, filmstrip, OHP
transparencies, briefing sheets, data cards.

Specual factlities required cassette player, OHP, filmstrip viewer.

Outline of evercise The package consists of 3 simulated case studies

entitled Strike, Slick and Impact. In the first, the participants are faced
with an oif strihe in the North Sea. Their task 1s to decide how best to
develop the field and get the o1l ashore (the deaisions being made on

econonig, environmental, technical and geographical grounds). In Shch,

the parnaipants, working in groups, have first to decide on how best to <
protect an area from a possible uil spill, and then deal with the problems
of a 100 tonne o1l sp:ll. The final case study, Impact, deals with the
imphications of 1ndustnal develupment for a small Scotush community,
inparticular, groups of participants have to prepare cases for and aganst
the proposed Jevelopment of a steel platform construction yard, and
then debare the issue. :

OFFSHORE OIL BOARD GAME

Authors: H L Ellington & E Addinall

Publisher ‘The Association for Saience Education, College Lane, Hatfield,
Herts AL1O 9AA

Fust published 1980

Type of exercise- board game,

Courses for which exercise is suituble. The exercise was specially developed
for use in the ASE's Science 1n Society AO level course, and is sutable for
use tn saence in socic., and general studies courses at middle and upper
secondary level,

Educational aums  to make the parucipants aware of the process by which
offshore oilficlds are discovered and brought into production and of the
high-risk nature of tl.e industry, to help develop the ability to make

hd
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decisions under pressure in a rapidly changing situation.

Number of participants needed The exercwse is designed for use with a
class of up to 20 pupils working n groups of up to 5.

Time required 1 school doubie period of roughly 1% - 1% hours,

Conteuts of package teacher’s guide, 4 playing sets of the game,

Special facilities required. none.

Outline uf exerase The Offshore Oil Board Game 1s an educational version
of North Sea, a family board game developed by the authors for Shell
{UK) Ltd 1n 1975. The participants take the role of oil companies
wompeting t discover and develop otfshore vilfields as quickly as possible,
the winner being the first player to bring 4 field into production and
collect sufficient revenue to pay oft his/her loans. ‘The game is designed

for 2, 3 or 4 plavers plus a non-playing banker.

QUERIES 'N THEORIES

Authors. L E Allen, Peter Kugel & Joan l{oss

Publisher Science Systems 1.td, 173 Southampmn Way, London SES 7E]
First published. 1970

Type of exercise board game,

Cuterses fur which exeraise o swutable science courses at upper secondary
and teruary level.

Fducational aims o help the participants develop an understanding of

the basic suentific method  that of tormulaung theories and tesung them,
Number of participants needed minimum of 2’players.

Lome required  as required but a minimues of 1 school double period of
roughly 1% - 1% hours is recommended.

Contents of package game booklet (54pp) board and playing materials.
Special facihties requured. none.

Qutline uf exerase In the present context, this game is a stmulatnon
exercise which deals with the scientific method (1t can also be used in the
teaching of gencrative grammars). Queries n '1'.cories is a series of gaines
of increasing complexity. Basically they are exeraises in formal logic in
which one of the participants sets 1 problem (by defining a language/
theory) and the others have to ‘understand” the problem by taking turns
to construct ‘quenes’. Each ‘query ' 1s adjudicated before the nextis
constructed. In this way the partcipants gradually build up an
understanding of the problem set. This 1s a sophistieated exerase, the
e required to play 1t being dependent on the ability of the
paruicipants and the level of play chosen.

SAFETY SNAKES AND LADDERS

Author A Armstrong

Publisher Sigma Technical Press, 23 Dippons Mill Close, “Tettenhall,
Wolverhampton WV6 8HH

First published 1978

Pnce: £1.25

Type of exercise board game,
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Courses for whick exercne 1s suitable science courses at lower to muddle
secondary level

Educatonal asms  to help children just beginming laboratory work to
learn effective safety techniques, '

Number of participants needed. 2 - 4.

Itme requared roughly 30 minutes,

Contents of package board, die, plaver tokens.

Specl facthities requued. none

Outlme of exeraise The game s played inexactly the same way as
conventional snakes and laddens, the play ers moving up ladders and down
snakes when they land on squares respectisely describing good and bad
laboratory practices,

389/SCIENCE CONCEPTS
Authors P F Ploutz & M Hawkins
Publisher Union Pninung Co Inc. 17 W Washington Street, Athens,
Ohio 45701, USA
Ewrst pubhished 1977
Price $8.00 (reductions available for orders of 10 or more)
Iype of exercise card game,
Courses fur whick exeranse 1s sutable science courses at secondary and
lower tertiary levels.
Fducational aons o help the paitiapants become familiar with some of
the most important coneepts in the vanious hife, earth and physical sciences,
Number of participants needed 2 - 6.
Tone required This varies according to the number of players and their
age, but the game s designed to be completed in 4 single school peniod of
roughly 40 nunutes,
Contents of package 100 Life Scrence Concept cards, 100 Earth Science
Concept cards, 100 Physical Saence Concept cards, 34 ‘Mind Bender’
cards, 33 Scientuist cards, 33 *Goof™ cards, 6 player tokens, instruction
booklet,
Specuad facthties requared none,
Outhine of eacrcse Saence Concepts deals with 16 science topes found
m most .Amencan elementary Zjunior high school programmes.

Life Plants, Ammals, Human Body . Micro-Organisms, Ecology.

Larth  Astronomy, Meteorology, Oceanography, Earth.

Physical Matter, knergy, Heat-Light-Sound, Magneusny/ Electricity,

Simple Machines.
Additional features include 33 *Famous Scientists’, 33 ‘Goof” cards (for
a‘fun’ element) and 34 ‘Mind-Bender’ cards, presenung contemporary
suienee probiems (endangered species, energy shortage, space travel,
population control, etd). Students cullect the vanous coneepts, then
‘declare’ their interest in a career as an earth, hfe or physical scientist,

~
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SCIENCE SENSE

Authors R D Stamp & W Harrison

Publisber Longman Group Ltd, Resources Umit, 9Ill The Shambles,
York

First published. 1975

Price £0.55

Type of exerase board game,

Courses fur which exerone ts suuable brology, Lhtnllbtr) general science
and physics courses at nuddle 1o upper secondary level.

Educattonal atms 1o make the partictpants awdre of the dangers of
working 1n 1 saience labuoratory , to make them aware of 4 commonsense
cude of safety and procedures and hence help them avoid accidents and
nustakes. .

Number of participants needed: 2 - 6 players.

Tinte required. 1 school persod of roughly 35 - 40 minutes,

Contents of package A+ booklet whose outer sheets (of thin card) are
used to prepace the board and other playing matenals. The inner sheets
(of paper) constitute a 4-page background reader/.nstructional booklet .
for the pupils.

Specal fucthities required scissors to prepare playing materials,
matchsticks to nount the spinners,

Outlme uf exerusse The participants progress around the board using a
spinner and act on the mstrucnons on each square on which they land.
The winner s the player who completes the cireuit first.

SPACE COLONY

Author ] Johnson

Publisher Teaching Aids Co, 925 South 300 West, Salt Lake City,

Utah 84101, USA

First published: 1977

Price: $14.95

Type of exercise: board game.

Courses for which exerense is suttable general science and general studies
courses at lower and middle secondary level.

Educattonal aims 10 introduce the participants to the problems that
would be encountered by as, ace colony trying to establish itself on Mars,
to make them aware that survival depends both on good planning and on
goo:’ luck,

Number of participants needed: 2 - 6.

Time required. 1 hour (minimum).

Contents of package board, 6 space colony cards, 30 successful
expenment cards, 30 accidental failure cards, 12 expediuon cards, oxygen,
food and water coupons, 90 modules, 12 markers, 2 dice, instruction
booklet.

Special facilities required: none.

Outhine uf exercase The exercise simulates the problems likely to be faced
by an expedition to Mars. Several space vehicles are sent under separate
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commanders to establish colonies. Each player represents the formation of

a separate colony and his principal objective 1s survival. Players must ensure
that they have enough food, water and oxygen and have to overcome both
natural and mechanical disasters.

THE AIR ABOUT US (THE BALLOON RACE) -
Autbors. R D Stamp & W Harrison

Publisber Longman Group Ltd, Resources Unit, 9/11 The Shambles,
York

First publisbed: 1975 . <

Price: £0.55

Type of exercise: board game.

Courses for which exercise 1s suatable  general science courscs at middie
to upper secondary level. '

Educational mims  to help the partfcnpa\ts ungerstand the complex natuge
of the earth’s atmosphere. .

Number of participants needed: 2 - 5 players.

Time required. 1 school double period of roughly 1% - 1% hours.
Contents of package A+ booklet whose outer sheets (of thin card) are
used to prepare the board and other plaving materials. The inner sheets
(of paper) constitute a 12-page background reader/instructional booklet
for the pupils.

Spectal facilities required  scissors to prepare playing mgterials,
matchstick to mount spinner.

Outlne of exercaise The game is based on a hot air balloon race. The
progress of each participant 's determined principally by knowledge of
the atmosphere (the participants have to answer a series of questions
relaung 1o the basic properties of the atmosphere). A spinner is used to
simutate chance factors and the winner of the race is the winner of the
game.

¢+ THE WATER CYCLE
Authors. R D Stamp & W Harrison
Publisher Longman Group Ltd, Resources Unit, 9/11 The Shambles,
York
First published: 1975
Price- £0.55
- Type of exercise board game.
Courses fur whih excruse 1s siitable. gene=-* science courses at middie
to upper secondary level.
Educational aims. to help the participants understand the nature of the
water cycle, to show the variety of uses and the importance of v.ater in
. our lives.
Number of participants needed: 4 - 12 players.
Time required. 1 school double period of roughly 1% - 1% hours.
Countents of package A4 booklet whose outer sheets (of thin card) are
used to prepare the board and other playing materials. The inner sheets
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(of paper) wonsutute an 8 page background reader/instructwnal booklet
v for the pupils. .

Spectal facthties required ,scissors to prepare playing matenals. |

Outhne of exercise The board represents die total water cycle which s

broken down into 10 different elements. The parucipants, by answering

a senies of questions, have to collect cards whichallow them to complete )
the ¢ycle. The game can be extended by getting partiapants to produce

a model water cycle for their own district. K

)

Q . 131 .
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~ 67, 70,108

Interviews, 123

Invasion (Microbes), 46-8

Involvement, 21,63

lonics, 3

Jackdaw wallets 18

Lab Apparatus, 30
Laboratozy skills, 26-7, 30
Library skills, 28, 65

Likert scales, 121, 122 (fig)
Link Trainer, 18
Longman, 19, 26, 30, 39
Ludo, 40

McMaster University, 19
Manual excrcises
- characteristics, 53
- composite, 64-71
~ lincar, 53-8
- multiproject, 71-6
- radial, 5864
Mastermiind, 19
Microcomputer, 26, 78
Microprocessor, 29
Military training, 22 -
Monopoly, 16, 18, 40
Motivation, 21, 35, 39,43, 48
Multicdisciplinary exercises, 21, 29,
31, 71,73

Non-cognitive skills, 20, 27, 28, 32,
108, 116, 120

Non-cognitive tests (evaluation), 120

North of Scotland Hydroclectric
Board (NSHEB), 32, 73

Observational r=chniques (evaluation),
120-1

Offshore Oil Board Game, 48-51

OnSces, 19

OPERON, 83-5

Organizations, academic gaming and
simulation, 113

Othello, 18

#Pecr teaching, 67

Physics-based exercises, 91 (table),

Polywater, 28, 65:6, 118 .

Popperian methodology, 106, 109,
110, 111 '

Power for Elaskay, 19,21, 32, 67-8

Power Station Game, The, 19, 29, 31,
32,6871, 117

Project Scotis, 32

Properties and Substances, 30

Proteins as tluman Food, 28, 634,
118, 123 .

Psychomotor skills, 20, 28

Publication (of excreides), 112

Publicity (of exercises), 112

Rating objectives, 123, 124 (fig)
* Rainforcement, 20, 25-6, 30, 35, 37,

39, 40, 41, 99

Relevance, 20, 29, 63, 70 *
- social, 32, 61,70

Ridpest File, The, 31 ,

Robert Gordon's Institute of
Technology, Aberdeen (RGIT), 31

Satellite Motion, 78-80
Science in socicty, 27, 29, 33, 48, 71,
72,73, 74
Scrabble, 18, 40
Sclection of a suitable exercise, 89,
90 (fig), 99-101 .
Semantic differential technique, 121
Simulated case study, characteristics,”19
Simulation
= characteristies, 18
= definition, 16
Simulation game, 16
= characteristics, 18
Situational techniques, 123, 125 (fig)
Social awarcness of science, 119

. Star River Project, The, 31

Structures, 1079
Sulphuric Acid Story, The, 18

Teacher's guide, 110
Teacher training, 22-3, 29, 117
Teaching about science and technology,
28-30, 32-3
- suitable excrcises, 97-8 (tablc)
Teaching science, 25-7, 30-1
- sujtable exercises, 91+4 (tables)
Transfer of learning, 20
Tuning. 110, 118
Two sulwures, 28
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Use of excreises -
= debricfing 103
~ preparatory work, 102
+ = running the exercise,) 103

War, 16
War games, 18, 22
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'hat Happens When The Gas Runs
Our?, 18, 568, 118
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Young Chemist, The, 26 . ’ e
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A Fertilizer to Urder, 145

Air About Us (The), 200

Alkali Industry (The) 173

. Alictnative Energy Projece, 129

Amsyn Problem (The), 173

A Problem for the Cheinist, 145

Batch or Flow, 146 -

Biology Crosswords, 178

Brezkdown — a Digestion Ganie, 179

Capacitor Discharge, 129

Case Studics in Chemiical Education, 146
« Central Heating Game, 130

Central Heating Project, 131
+  Chem Bingo, 147

Chem Chex, 147

Chem Cubes Elements, 148 *

Chemical Crosswords, 148

Chemical Elernent Game, 149

Chemical Families, 149

Cheminoes, 150 -

Chenistry Case Studles, 150

Chemistry in Qur Lives, 151

Chemsyn, 151

Chem Trak, 152

Chouse a Fibee, 153

Choosing an Anacschetic, 153

CIRC, 179

Circuitron, 131

Clusification, 180

COENIST, 180

COMPETE, 181

Competition Among the Metals, 154

Compounds, 154

Contact with Cleaner Air, 155

Countercuerent Systenys, 181

#"Dead River (The), 189

Dental Health Project, 193

Dissolving a Problens, 155

DVYE, 182

Ekofisk - One of a Kind, 193

Electrical Circuit {The), 143
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Elcctrochemical CeNs, tss

Element Cards, 156+~

Elements, 157
Aﬁlemenu in the Earth, 157

Energy Conversions, 132

Energy for the Future, 158

Energy = Past, Presentand Future, 158 -
Encrgy Problem (The), 174

ENZKIN, 182

EVOLUT, 183

Fertilizer Problem (The), 174

Flow Through a Nozzle, 133
Fluoridation?, 194

Focus on Lead, 158 *
FFormulon, 159

Free Fall with Air Resistance, 133

From Visible to Invigible, 160
“Gas Chrematography, 160

Gascous Diffusion, 133

Geologic Time Chart Gamne, 195
Gravitational Fields, 134 °

Great Blood Race (The), 120

HABER, 161

tomogenccus Equilibrium, 161

Human Energy* Expenditure, 183
lydropower, 134

INHERITANCE, 184

INTERP, 135

Invasion (Microbes), 184 R
lonics, 162

1sotopes, 162

Isdtopes in Our Lives, 162 .
Keeping Warm, 136

Lab Apparatus, 195

Lartice Encrgy, 163

LINKOVER, 18§

Link Up, 163 .
Magnesium from the Sea, 164 .
Manufacture of Sulphuric Acid (The), 175

Mass Speetrometer, 136

Metals at Work, 165
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Mole Bingo, 565, /
Mole Poker, 165 .,
NEWTON, 137 -
gphh Sca Challenge, 196 3
utrition, 186
. Offshore Oil Board Game, 196
OPERON, 186,
Particle in a Potegtial Well, 166
PBARR, 137 -
Photoclectric Effect, 138
Physics Crosswords, 138
Planctary Motion. 139
Point Ficlds, 136
Polar or lonic?, 167
POLY, 187
Polywater, 167
Pond Ecology, 187 |
Power for Elaskay, 139
Power Station Game (The), 144
Power Station Project, 140
Predator-Prey Reiationships, 188
Properties and Substances, 168
Prutein Problem {The), 17§
Proteins as Human Foed, 168
RSTEP, 141

Public Inquiry Projeet, 169 .
PVC Srory (The). 176 . .
» PWELL, 141 s
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Querics *n Theorics, 197

Radioactive Decay, 141

RANDOM, 170

Rates of Reaction, 170

Reaction: Chemistry®s Alphabet, 171

Ridpess File*(The), 190

RYINET, 171 pe

Safety Snakes and Ladders, 197

Satellite Motion, 142

SCATTER, 142 -

Science Concepts [389), 198

Science Sense, 199 .

SELECT, 188

Solar System (The), 143

Solubility and Successful
Scparations, 172

Space Colony, 199

Statistics for Biologists, 189 .

Sulphuric Acid Story (The), 176 2

Take Your Choice, 172 *

TRANSPIRATION, 191

Transport in Plants, 191

Viumins.é_{f!"\
Water Cylle (The), 200
What Happens When the Gas

Runs Qut?, 177
What is an Explosive?, 178
Young Chemist (The), 177
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