Motivating teacher s and pupilsto engage with modelling.
Laurence Rogers, School of Education, University of Leicester, England

Abstract

It has been found that science teachers in secpsghpols have embraced the use of simulation sofwnore
enthusiastically than modelling software. Someusations are visual aids, chosen for their abiiityhelp pupils
visualise complex or abstract phenomena. Othaturfe virtual experiments which allow pupils to fpem
pseudo-laboratory activities and obtain quasi-erpemtal data. In both cases it is common for thiéware to
facilitate activities which support the developmeftvaluable skills for scientific investigatiort. is argued that
modelling software has even greater potential fevetbping these skills towards a deeper level ddrsific
understanding. However, many modelling softwarstesys possess a conceptual and presentationalt fatrich
appears to be less accessible than graphicallysiiolilations. The paper describes a new type fiivace of
hybrid design which attempts to build bridges be&mvapparently successful simulations and poteptiabre
demanding modelling activities. The developmentoined careful consideration of the language used f
expressing scientific concepts and relationshipstextual factors which influence motivation ané thesign of
tasks to promote effective use of the softwarestool

The adoption of ICT in science lessons

At the present time in the UK young teachers emgethe profession have sometimes been
described as ‘digital natives’, having been surdmeh from birth by the products of
information and communication technology. Theiviemnment of computers, Internet,
mobile phones and wireless technology has equippedn with technical skills and
confidence which many ‘digital migrants’ of the pi@s generation of teachers have
struggled to achieve. The effect of this has reklpansform the adoption in schools of ICT
tools for teaching and learning. However, soméstbave succeeded more than others. In a
survey of science teachers in the UK, one of thetnpmpular types of application was
simulation software (Rogers & Finlayson, 2003). eTgossibilities for simulating physical
phenomena with the use of animated graphics wedelwiappreciated as valuable teaching
tools. In a wider survey across several Europeantcies prepared by the IT for US project
(www.itforus.oeiizk.waw.pl), of the different typesf software to be found in secondary
schools, simulation software comes out with a &tastly higher score than do other types.

Country Cyprus Metherlands Poland Portugal UK
Software type (%) (%) (%) (%) (%)
11.1 Presenting and reporting
software (word processor, o . e . a2
electronic presentations, web 53.33 8.0 67.02 2z s0.48
pages)
11.2 Tutorial software .67 3714 5213 1667 28.57
11.3 Information storage systems A x
(databases, encyclopaedias, 4333 75.41 E7.AG 6295 80.48
multimedia CD's, web-sites, etc.]
11.4 Simulation and visualization o % .17 &4.81 8571
T 4867 8304
11.3 Calculating software e e e S e
(spreadsheets, statistical or 10.00 61.67 KEREN 35.96 5238
mathematical programs)
11.6 Modeling software (Coach, - - i .
Modellus, Insight, PowerSim, 3.3 B1.25 957 226 2381
Stella, etc.)
11.7 Measuring tools (data logging, 50.00 83.87 6.38 35.19 76.19
video measurement).
11.8 Sound analysis software. 0.00 50.00 10.64 18.52 20.00
11.9 Drill and practice programs 393 4237 24.47 14.81 51.90
[revision etc.)
11.10 Software for monitoring BET 24 44 11.70 12,05 98 K7
students’ progress

Table 1. Types of software used in science lesfidrfer US Project, 2006)
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In particular, there is a contrasting responsemodelling software, whose function is very
closely associated with simulations, but appealsetless widely used.

Simulations and M odelling softwar e compar ed

For the purpose of developing the present discns#ios necessary to distinguish between
simulation software and modelling software. Boypes of software share similar
pedagogical aims and employ similar mathematicaehrtgjues. Both attempt to help the
learner explore and understand physical phenomemavirtual environment. Both may be
used to facilitate investigative inquiry, the expliion of relationships between variables, the
testing of hypotheses and so on (page 84, Newtah Rogers, 2001). However, on
inspection, an obvious distinction is in the desifthe user interface; modelling software is
usually of a generic, symbolic design (e.g. astell& Excel, Modellus programs) whereas
simulations usually offer a graphical interface toussed to the needs of the topic under
consideration. A more significant difference isatthalthough every simulation employs a
mathematical model as an ‘engine’ to perform calitohs, the model is usually not explicit
or accessible to the user. In contrast, modelboffware allows all the mathematical
definitions and assumptions in the model to be tsised and, if desired, edited and
modified; there is greater freedom for controlliaugd choosing the mathematical expression
of relationships between variables. Thus, actizitdth modelling software can probe more
deeply into the assumptions inherent in the desifjthe model, potentially pose more
guestions about possible alternatives and ultimatilcilitate a deeper scientific
understanding. Table 2 suggests a comparison @fdiktinctive differences between
modelling software and simulations.

Simulations Models
The designer has a major role in defining th&he user has freedom to examine, adjust gand
user interface and scope of possible modify the model.

investigations.
The user may choose from a broad range of
Appropriate tools for presentation and tools for analysis and presentation.
analysis are pre-selected (displays, graphs,
axes, cursors, controls and calculating aids)A model makes the physical principles more
explicit.

A model can show how a solution to a
complex problem may be synthesised fronj
simple elements based on first principles.

Table 2. Differences between simulations and n®del

It should be remarked that a considerable numbesimiilations are mainly offered as
graphical animation aids for visualising phenomeméany so-called ‘applets’ fall into this
‘visual aid’ class of simulation. The other clagfssimulation may be termed as ‘virtual
experiments’ in which data is generated for analgsid relationships may be explored.

To explain the apparent preference for simulatiomsr modelling, it is possible that the
simplified subset of tools and implicit guidancén@nent in simulations makes them more
accessible than modelling programs, which, althaigly allow greater degrees of freedom,
their successful use demands more insight and ekillthe part of the user. Another
explanation might be found in the teaching styldspded by teachers. In a recent UK teacher
training program in ICT methods in science teachihgvas found that the most common
mode of use of simulations was as a teacher denatiost. (Table 3). Teacher exposition is a
dominant pedagogy for many teachers, and it appgkatgeachers’ skills in explanation and
demonstration are readily adapted to the use dfilations. It may be argued that teachers
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readily identify simulations as tools with whichethcan engage in discourse with a whole
class of pupils. The thesis to be developed m plaper is that suitably designed software can
exploit teachers’ positive disposition towards dations to lead them towards more
demanding modelling techniques.

Type of activity Individual (%) Group (%) Demonstration (%)
Internet 46 44 10
Data-logging 2 33 65
Simulation 19 13 68
Spreadsheet 39 39 22
Using models 30 38 32

Table 3. Comparison of teaching formats for diffe€T activities. (Rogers and Finlayson, 2004)

Pedagogical objectives of modelling activities

Gilbert and Boulter (2000, page 13) describe timaé contributions of modelling to science
education.  First, models have a central role ie tevelopment of the scientific

understanding of any phenomenon. Second, theadestimodels is an important process of
science in action. Third, scientific models arejonacreative outcomes of science.
Translating these into specific objectives for nitidg activities, the most commonly stated
objectives in practice are:

* To prompt thinking and exploration of scientificks.

» To assist the interpretation and understandingalfdata (through a process of
comparing data from a model with data from an expemt)

* Totest the accuracy of a model and to evaluaiejpdicit assumptions.

* To make possible the virtual exploration of otheevexpensive, remote or dangerous
experiments.

» To simplify the solution of complex problems inrtex of simple elements.

» To facilitate the extension or reinforcement ofyioes learning.

» To provide opportunities for revision exercises.

* To rehearse experimental procedures employed ordatry work.

* To build confidence in analysing data. (Models ganerate ‘noise-free’ data which
allow clear conclusions to be drawn about relatiips)

As previously indicated, activities with modellisgftware share many common objectives to
those of activities with simulations; the main glistion arises from the level of access and
the depth of investigation. Of course all modeld aimulations are built upon assumptions
about the variables involved and the scientifin@ples thought to govern them. The very
process of challenging such assumptions is an raltegspect of science in action, so
modelling activities which allow those assumptidosbe challenged and tested provide an
extremely valuable means of developing an undedsignof science (Webb, 1993).
Lawrence has argued that modelling tools fulfil tieed of individual learners to find ways of
expressing their own thinking about scientific gevbs (Lawrence, 2005)

The discussion will be developed by considering tase studies to illustrate a gradient of
activities, starting with simulations and progragsiowards tasks with models. In each case,
a simulation provides a welcoming context whiclates$ to a pupil’'s previous experience and
attempts to stimulate their interest by posing gaes for investigation. These require them
to experiment with the variables involved and eatduthe results through applying their
previous knowledge. This can involve graphicallgsia of data generated by the simulation.
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Progression to modelling tasks usually begins witamining the model to review all the
variables and the relationships between them. i@llycnew tasks with the model involve
modifying the model to test alternative relatiopshi If desired, completely new models may
be built. The modelling program useddsnulation Insight (Logotron, 2005) which contains
in one window an authoring system for creating $ations and in another window a
modelling system employing graphical objects ta@epnt variables. The simulation window
contains animated graphics whose movement and ebarg driven by variables defined in
the modelling window.

Case Study 1: Simulations of house insulation

The context for these simulations is very famit@people who endure winters in central and
northern Europe. House designers incorporate wariways of improving the thermal
insulation of the building; cavity walls, doubleaging and loft insulation. The first
simulation allows the insulating properties of aigawall to be investigated. The user may
control the outside temperature, the inside hoesgperature, the cavity thickness and the
insertion of insulating wool.

EResH=E | AElw | » B T B

Inside ternperature Outside temperature

Heat transfer

thickness

- | acm
wiall cavity

i

|_

cavity
insulation

Far Help, press F1. Ta tidy windows, press Chr4+T. Modelling

Figure 1. Simulation of the insulating propertiés@avity wall.

As each of these variables are adjusted in tumeffect on the rate of heat transfer may be
observed and students can gain a qualitative peoocepf the relationship between the
variables. Through more systematic control of tlagiables, data may also be recorded,
graphs analysed and a quantitative descriptionrefaionship achieved.

The next step of the activity is to examine the elg@rigure 2a). This is viewable in an
alternative window. The model representation afraxted blocks is designed to indicate the
relationship between variables; each block repteseme variable or constant. The
geometrical layout may be freely organised to maseénthe lucidity of the model. The
arrows show how values are used in the calculaif@econdary variables. In this case, the
rate of heat flowH is calculated from three other variabl&€s,To andth. K is a constant.
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Figure 2a. Thermal insulation model Figure 2b. Bldd run mode

Whilst the model is running, values are displaye@ach block and input variables may be
adjusted with slider and spinner controls (Figubg. 2The model may be investigated in a
very similar manner to the way in which the simatwindow was controlled and can be
seen to generate similar results. However, théytice appearance of the model, although
less stimulating visually, gives a clear focus be humerical changes occurring as input
variables are adjusted, but more importantly, itkesathe mathematical basis of the
calculations quite explicit. In this case, the mloaissumes that the rate of heat transfer varies
in proportion to the temperature difference acrbgs wall section and inversely with the
thickness of the cavity. The language of matherahformulae allows this relationship to be
specified precisely, and the program contains mditat builder to facilitate this. However the
program also offers an alternative exploratory métlof defining relationships which is
textually based and less dependent on algebrdis. ski

The introductory tasks investigating the effecteafch variable on the heat transfer had
previously demonstrated the success of the prexetbfinodel in making credible calculations
and predictions which seem to match experiencé®fphenomenon in real life. A design
challenge to consider for less mathematically ghleils is how a successful alternative
model might be built using only descriptive phrasesdefine relationships between the
variables. The program allows this to be done gusirtext-based dialogue in place of the
formula builder (Figure 3).

heat loss increazes as outzide temperature decreasesl £

no lkem ahd increazes a

and decre as
Ti  inzide temperature and increases in the same ratio az
To  outzide temperature and decreases in the zame ratio as
H heat losz and waries in propartion ko
C cavity inzulation and waries inverzely proportional to

th  cavity thickness

a  airincaviy

hfa  heat flow out

hii  heat flow in i+ MNames
" Symbolz

k. thermal conductivity

Delete

ks Dosoiptin [Fomie |
<« Properties Clear | Cancel | ] 4 |

Figure 3. Dialogue for defining a relationship beém variables
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Having cleared the previous formula, pupils campand click on appropriate phrases and
variable names to build a description in words Wwhégpresses their idea of how the variables
might affect each other. For example, each ofelaternatives might be tried:

heat flow increases as inside temperature increases

heat flow increases as outside temperature decreases

heat flow decreases as cavity thicknessincreases
For each description, the model may set to runthedesulting behaviour compared. In this
example, each description successfully producesdhect trend which serves to confirm
pupils’ thinking about a relationship. This texXtumethod works well for simple
relationships, but unfortunately struggles to a@¢ely describe complex multi-variable
relationships, so is unable to offer a model embmpall the variables. To answer this
problem, one must return to the original pre-defin@del to see how these relationships are
combined and expressed in a single formula. Utéitgahe formula definition method gives
greater precision and clarity, but modelling atyivivith the descriptions can be used in a
formative way to promote thinking about relatiomshi

This fairly simple simulation and model is usefalapreparatory exercise to a second more
sophisticated simulation which calculates the maertemperature of a house, taking into
account the insulating properties of doors, windaws the loft under the roof. The user may
adjust the external air temperature and the rateeaf production by the boiler and observe
how a new equilibrium becomes established accortdirige various insulation options. This
is a dynamic model in the sense that, by includirtigne variable, it handles rates of change
and shows how long it takes for changes to occur.
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Figure 4. Model for house insulation

Case Study 2: Simulations of accelerated motion

These simulations consider various forces actingadiody and calculate the velocity and
displacement for the resulting motion. The confextthe first is the problem of pushing a
car whose engine will not start. A car is the masbke accelerated and the external force is
supplied by a choice of one, two or three men. WWReish’ is activated, the car moves and a
simultaneous graph shows the acceleration, veladitydisplacement (Figure 5).

It is immediately evident that the constant forcedpices a constant acceleration, whereas the
velocity increases linearly. Altering the numbénen pushing changes the acceleration and
the gradient of the velocity graph. If the menpsfmushing, acceleration drops to zero,
velocity becomes constant and the displacementhgigginear. These explorations give
pupils an opportunity to distinguish between umiicacceleration and uniform velocity, and
the role of external forces in determining the moti Quantitative comparisons may be made
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by analysing the graphs; for example, measurenwrgsadient on the velocity graph can be
related to the acceleration.

[v Alfred
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Figure 5. Simulation of moving a car by pushing.

As previously, the next step is to view the modethie alternative window. This reveals the
mathematical basis of the calculations (Figure 6).

m
\\a =F/m|yp_Av=a"Atl, As=v ™At
/ accelaration welocity distance

F

force

Figure 6. Model for motion of car

The model defines incremental calculations for egjoand displacement rather than absolute
values which, in this program, are automaticallgnpated. Newton’s Second Law is assumed
for calculating acceleration. Being based on bpsitciples and definitions, this model will
be recognised as a basic building block of mod®isrfany other examples of motion such as
that for a parachute which follows here. There raeay opportunities for elaborating this
basic model, the most obvious of which is to introel a variable which takes account of
friction. Herein lies the potential of modellingtivities; complete access to the model,
adapting it to accommodate additional conditiongydifying it to express alternative
assumptions.

The second simulation described here illustratés sort of elaboration. This example
features the motion of a parachutist jumping fromagroplane. The simulation window
(Figure 7) sets the context and invites the useexperiment with controlling a limited
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number of variables: the mass of the parachutistdiameter of the parachute, the time of the
jump and the time for opening the parachute. dhéctivities can establish how the variables
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Figure 7. Simulation of a parachute drop.

affect the time taken to reach the ground and hmy tay be controlled to ensure a terminal
velocity which is safe for landing. Turning to thmeodel, the core variables of time,
acceleration, velocity and height fallen are recegph with the additions of weight and air
resistance as the forces involved. The total né nariables suggests a moderately complex
problem, but the geometrical layout with directibfiaks shows a simplified pattern of
dependencies. The summary list of definitions aatés that individually their origins are
very simple: height, velocity and weight expressibarinciples, acceleration comes from
Newton’'s Second Law. Air resistance is assumethdoease with diameter and velocity.

Since air resistance affects acceleration, whictuin affects velocity, a ‘feedback’ loop of
dependencies exists between these three variables.

strength of grawity mass fall time
d wneight acceleration welocity height
parachute diameter L
: height Ah =v* At
velocity Av =a* At
D > F acceleration a=W-F)/m
e weight W=m*
parachute drag air resistance air rgesistance F=(0.3 g D * dr2) * vA2

Figure 8. Model for parachute motion

To optimise the learning value of the simulationd amodel, the activities need to be carefully

planned with clear objectives. The following seues of outline questions and tasks is a
possible framework for achieving this:
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Simulation Is the parachute big enough? — vary mmparachutist
How long does it take to reach the ground? — vaasndter of parachute
When is it safe to open the parachute? — vary duégre opening

Graph Describe changes of speed during the fallkeMsuitable measurements.
Compare the graph of velocity with the graph ofragistance.
Model Examine the model and justify each relatigm&tetween variables.

Alter the model to take account of thermal currecitsnges of air density,
wind, changes to the parachute shape etc.

The general need for establishing an agenda aofitéesi with simulation and modelling tools
will be considered next.

Planning curricular activity

Modelling and simulation tools are most effectiveen there is personal engagement of the
learner. All the exploration and thinking descdhe this paper demands not simply response
but commitment of the learner. The broader expedef teachers makes them familiar with
this requirement generally in science education et have developed strategies for
stimulating and motivating pupils to achieve thisa whole range of science skills. For
modelling to succeed in the classroom, the chafleado provide a framework within which
the software tools can flourish. In recent yehesdoncept of ‘scaffolding’ pupils’ thinking to
support an essentially personal learning processedmerged in pedagogy. Scaffolding
implies a careful balance between instruction agarner autonomy. It demands clear
learning objectives, an understanding of pupil€d® dialogue, questioning, discussion and
so on. The teacher is the best judge of how toagerhis in detail, but let us consider some
principles for guiding the planning of modellingiaties.

The freedom offered to pupils when presented witdefiing software in a content-free state
can be extremely daunting. Designing and build@mgodel from scratch probably poses the
most sophisticated demands on pupils and is atekié aspired to rather than to be exercised
as a first activity. Newton and Rogers (2001, pa8#93) have described a hierarchy of task
levels in the use of spreadsheet software, whichbeaeadily adapted to modelling software
thus:

Task Level 1. Exploring an existing model.

Pupils are presented with a previously preparedemaad activities focus on studying
patterns and relationships in the data generatetiebynodel. Familiarisation with a range of
data analysing tools is required. Activities shibhlild confidence in obtaining useful data
from the model and interpreting their significance.

Task Level 2: Modifying a model

The additional demand at this level is to undexgtaore of how the model works and to edit
some of its components or add new components. plngose of activities is to make the
model behave differently to yield new or differedata which more accurately reflect
observations of the phenomenon in real life.

Task Level 3: Designing and building a model

This is the most sophisticated level of use, réggipupils to identify variables and define
relationships to replicate the behaviour of a ptalsisystem. It demands all the skills
exercised in the previous levels.

Reflecting on the example tasks featured in the sagdies, we can identify examples of task
levels 1 and 2. If we also consider how activitrgth simulations fit into the hierarchy of
tasks, it can be argued that simulations offerve@mereater degree of scaffolding than Task
Level 1. Not only is the model pre-defined, a dation adds more support by limiting the
scope of investigation, focusing attention on digant variables, selecting appropriate tools
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for display and analysis of the data produced. ehakith the graphical user interface, the
simulation presents more user-friendly access ek Level 1 such that it may be assigned
Task Level 0. Thus simulations can provide anyelevel for what ultimately can develop
into an autonomous command of modelling tools akTaevel 3.

Conclusion

The case has been made for considering simulatifiware as a suitable entry point for
engagement in the world of scientific modelling. heTuse of graphics and images in
simulations reinforces context and enhances mativat The guidance implicit in the pre-
selection of variables for control and display amdalysis options helps to minimise
‘inauthentic’ labour associated with the tasks (Ndgton, 2005) and to maintain an emphasis
on appropriate scientific thinking. Simulationsya the amount of freedom ceded to pupils
to make choices and fashion their own investiga{@sborne and Hennessy, 2003) but
access to the model which drives the simulationsisally not allowed. It was to facilitate
this transfer of thinking activity to the modeletsthat Smulation Insight was conceived. It
has blurred the closed/open distinction betweenlsiions and modelling. The program has
also attempted to break new ground in providingoa-algebraic approach to developing
thinking about relationships.

As is often the case with ICT applications, thexrstill much for the teacher to determine, in
particular the schedule of activities involving #eripting, sequencing and grading of tasks.
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