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A. Introduction  
The IT for US pack presents a series of modules containing classroom activities 

which illustrate how the uses of data-logging, modelling, simulation and video 

measurement in science teaching may be integrated and how the comparison of 

results from different methods facilitates the type of thinking and discussion 

which leads to better understanding. 

 

The modules provide discrete teaching resources, but, taken together, they 

should not be regarded as comprising a complete science curriculum with ICT, 

nor should they necessarily be used in their entirety for training courses.  

Rather, they should be used selectively; they offer a series of exemplars which 

illustrate and explain the special teaching and learning opportunities afforded by 

the use of ICT, and teachers and trainers should select what best serves the 

needs of their pupils or trainees. 

The pack contains these components: 

1. A Resource Guide for Science Teachers and Teacher Trainers.  

2. Twelve Modules, each focusing on a topic in biology, chemistry or 

physics.  

3. Software Resources for performing activities in the classroom or 

training courses.  

 

Each module focuses on a single science topic and includes teachers' notes 

that support the implementation of the activities. They also include 

commentaries intended to develop teachers' pedagogical understanding of the 

new methods using ICT to investigate phenomena. These are included in the 

belief that the potential of software for securing learning gains depends 

crucially on the pedagogical actions of the teacher and they form a distinctive 

feature of the materials developed by the IT for US Project. 
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For Teacher Trainers For Teachers 

Modules offer a valuable resource for 

organising courses, seminars and 

workshops for science teachers 

wishing to incorporate ICT methods 

in their teaching.  Modules contain 

much didactical advice which includes 

explanations of the practicalities of 

performing the activities, the 

rationale informing their design and 

discussion of the ‘added value’ 

afforded by the ICT methodology.  

Trainers may select modules that 

match their course objectives and 

best meet the needs of participating 

teachers. 

 

Modules offer ideas and activities for 

introducing ICT into science lessons. 

A choice of topics in biology, chemistry 

and physics is available.  Advice is 

given on suitable teaching sequences 

but decisions about the choice of 

activities, order and level of application 

are best taken by teachers in the 

context of their local use.  For example, 

for certain pupils the analysis of a 

model might be less appropriate than 

the exploration of relationships with a 

simulation. 

 

In summary, the IT for US resources are intended to be used selectively and 

flexibly in a variety of different ways by teachers and teacher trainers with a 

variety of different needs. They may be used for self-study or in more formal 

training situations. They can contribute ideas for enhancing or extending the 

curriculum. They contain sufficient detail to support understanding of less 

familiar science topics. They set out principles by which teachers can adapt or 

design their own approaches to teaching science with ICT. 
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B. Background to the project    
The main aim of the IT for US Project 

is to present teachers with a vision 

for the use of ICT in science teaching 

which exploits the qualities of 

software tools for developing 

conceptual understanding of scientific 

phenomena.   

The emergence of Information and 

Communication Technology (ICT) in 

recent years has challenged virtually 

every segment of society to 

reconsider its traditional practices 

and methods. The result has been to 

transform many industries, media, 

communications, entertainment and 

the conduct of business and 

commerce in general, both nationally 

and internationally. In education also, 

the effect of ICT on the perceptions 

of future potential and the ongoing 

discourse has been impressive; there 

exists a wealth of applications for 

facilitating, supporting and enhancing 

the quality of teaching and learning.  

Nevertheless, in many countries of 

Europe, there are still many 

educational institutions in which the 

potential of ICT has not yet been fully 

realised.  This indicates a serious 

need for in-service training of 

teachers, as well as curriculum 

development, in ways that can 

promote better understanding of the 

potential for ICT. 

An important component of ICT is the 

computer, but its application as a 

useful tool depends crucially on the 

software functioning within it and also 

on the design of activity sequences 

that can scaffold students to develop 

scientific thinking and conceptual 

understanding. 

The IT for US Pack is dedicated to the memory of the late Jan Dunin-

Borkowski through whose pioneering inspiration the IT for US Project was 

conceived and energised until his untimely death in February 2007. 
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C. Educational software    
Through suitably designed software, the computer can have multiple functions, 

such as calculator, information store, data processor, audio-visual presenter, 

telecommunications terminal, word processor, simulation, emulation and 

modelling medium. The broad range of the use of educational software falls into 

two main categories. Papert (1999) has described these as the 'informational' 

and 'constructional wings': 

 

Constructional wing  

– this describes the processing of 

information in which ICT serves as a 

tool for constructing new information 

and understanding.  

Within the constructional wing, the 

strands most relevant to science and 

science education are: 

  Data processing - computations, 

sorting, conversions, etc. 

  Modelling - mathematical 

representation of scientific 

phenomena 

  Simulations - virtual and 

conceptual experiments 

  Data-logging (Microcomputer 

Based Laboratory) - physical 

measurement 

  Video-measurement techniques. 

 

Informational wing  

– this describes the presentation of 

information in which ICT facilitates 

novel methods of examining ready 

accumulated information.  Within the 

informational wing the strands most 

relevant to science and science 

education include: 

  Internet - access to informational 

sources throughout the globe 

  Multimedia - video presentation 

  Visualisation - the use of graphics 

and display tools to provide 

insights into concepts which are 

difficult to represent with 

conventional textbook diagrams 

and presentation technologies 

  Tutorial and instructional 

programs. 

A wealth of material is already available for activities employing strands in the 

informational wing and will not be discussed further here.  It may be argued that, 

in the world of education, such activities have received overwhelming attention 

to the neglect of activities in the constructional wing.  In an attempt towards a 

fairer balance, the work of the IT for US Project has focussed primarily on 

activities in the constructional wing.  One reason for this choice is the relevance 

of these activities to the constructivist view of learning, which has had the 

dominant influence on the design of contemporary science curricula.  The 

essence of this view is the recognition that for children to learn, they have to be 

actively involved in the learning process; they construct meaning by the process 

of interaction and enquiry (Vygotsky, 1978, Engeström, 1987).  This is 

particularly relevant to science education with its traditional emphasis on 

experimental, ‘hands-on’ activity and ‘minds-on’ activity in science laboratories.  
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Successful pedagogy with laboratory work strives for understanding by making 

links between theory and practice, ideas and action, imagination and observation, 

concepts and objects.  Herein lays a crucial role for the teacher and, when ICT 

tools are introduced, the need for reinterpreting this role becomes an essential 

demand in teacher preparation programmes aimed at promoting the use of ICT.  

To provide vision of how the teacher's role can influence the successful outcome 

of ICT activities in science education was the chief rationale for the IT for US 

Project. 

Before examining the principles underpinning the teacher's role, it is appropriate 

to review the potential learning benefits associated with the four main software 

tools which serve constructional activities in science: Data-logging, modelling, 

simulation and video measurement. 

1. Data-logging 

The term 'Data-logging' describes the process of gathering and recording 

measurement data from sensors.  These are devices whose function is to detect 

a physical variable and convert it into an electrical signal.  Sensors take the 

place of instruments such as thermometers and voltmeters used in more 

conventional practical work. The process of measurement, as such, involves 

connecting the sensor to a data-logger or interface which converts the electrical 

signal into a digital code that is either stored inside the data-logger for later 

retrieval or is sent directly to a computer, usually via the USB port of the 

computer. Compared with the other software applications described here, the 

requirement for additional hardware equipment means that data-logging 

demands the application of practical skills as well as skills for analysing and 

interpreting data. 

To justify the use of data-logging, it is important to recognise several specialised 

features which have not been hitherto available in conventional measurement 

methods.  Such special features provide opportunities for improved learning, 

provided the teacher is aware of them and designs the learning activity 

appropriately to exploit them. Here is a summary of specialised features and 

their respective potential learning benefits: 

  The measurement process is usually automatic: 

This lowers the level of operational skill required, saves time which may 

be put to more useful purpose, allows much more data to be collected and 

frees pupils to make observations of the phenomenon being studied. 

  The rate of data collection is available over a wide range of frequencies: 

Very fast and very slow rates of collection provide new contexts for 

gathering data and expand pupils' experience of phenomena. 
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  Remote logging - data may be collected and stored independently of the 

computer: 

This allows the collection of data in a wide variety of environments, 

including outdoors, and facilitates collection over long periods of time, 

beyond the normal scope of lessons in school.  This increases the amount 

and types of primary data available to pupils. 

  ‘Real time’ reporting - data may be presented in meters, graphs or tables 

whilst the experiment is in progress: 

This makes data collection an interactive process whereby direct 

observations may be immediately compared with the graph, for example, 

encouraging thinking about the data and representations. 

  The accuracy of measurements and recording is usually superior to 

manual methods. 

The reduction of errors in taking readings results in better quality 

information, which potentially improves the clarity of relationships 

between variables.  

 

2. Modelling 

At first sight, many modelling activities involve the manipulation of formulae and 

their subsequent use for calculation; a mathematical model can be used in the 

first instance to describe a phenomenon and then to predict new information 

about the phenomenon.  However, the purpose of modelling is to aid thinking 

about the phenomenon concerned and an essential learning aspect of the 

modelling process is to forge links between the phenomenon, previously 

understood principles and the model itself. A model may consist of one formula 

or a sequence of several interdependent formulae and it is often tested by 

comparing its calculated data with experimental data. Pupils can use the newly 

generated data to test theories and knowledge about a phenomenon. A key 

feature of modelling activity is the process of editing and altering a model or its 

parameters to study the change of behaviour. Exploring alternative models or 

diverse versions of models of the same phenomenon helps to develop pupils' 

understanding. 

 

3. Simulations 

Unlike modelling programs, which are generic in character, simulations usually 

portray a particular phenomenon or experiment. They facilitate virtual 

experiments in which variables and parameters may be adjusted and the effects 

studied.  It becomes possible to represent conditions well beyond the scope of 

real experiments, and in this respect a simulation can extend opportunities for 

investigation.  In this virtual environment, pupils can perform otherwise 

dangerous, difficult, expensive or specialised experiments. Such experiments 
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yield ‘clean’ data without the ‘noise’ of experimental error. It is difficult to 

describe a general type of simulation because each simulation tends to have a 

unique purpose.  It is common for simulations to be presented with attractive 

visual representations that are often animated making a context that can be 

more easily assimilated by pupils.  Simulations can be useful for the visualisation 

of difficult concepts. 

At the heart of most simulations lies a mathematical model controlling all the 

relationships between the variables involved. For the majority of simulations, the 

model is built into the program and access to it is not available to users.  

However, for those programs that do provide access to the model, there are 

valuable learning opportunities for scrutinising the model and questioning its 

assumptions.   

 

4. Video-measurement 

The video camera has become a common domestic and personal article and it is 

ideal for recording experiments involving physical movement. Slow playback, 

frame by frame, allows the motion of an object to be studied in detail.  Better 

still, software allows distance-time data to be extracted and displayed as graphs.  

In this form, the whole repertoire of graph analysis aids may be employed to 

investigate the properties of the motion. The video technique opens up a wide 

variety of contexts for studying motion outside the classroom: sports of all kinds, 

transport, amusement parks and so on. 
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D. ICT tools for constructing 

knowledge and understanding 

in science    
The types of software tools reviewed above each serve science activities in the 

constructional wing described by Papert (1999). In order to realise the learning 

benefits afforded by the tools, it is crucial that the threshold of technical skill 

needed to use them is sufficiently low to allow the primary focus of activity to be 

on the science phenomenon under investigation and avoiding distracting 

preoccupation with the technology itself.  After steady development for several 

years, modern versions of the software tools have now reached a state of 

maturity which permits this.  The particular features which have facilitated this 

are summarised thus: 

 

Software Tool Potential learning benefits 

Data-logging Sensors connected to the interface are automatically 

identified and calibrated by the program. 

Graphical display of collected data allows axes to be easily 

assigned and scaled automatically. 

A variety of tools are available for analysing data and for 

deriving new data. 

Screens may be customised to the needs of particular 

experiments. 

Modelling Intuitive methods for defining relationships between 

variables. 

Inputs and outputs to models are linked to graphical controls 

and displays. 

Simultaneous graphical data display during computation aids 

understanding. 

Controlling the speed of computation assists the study of the 

behaviour of a model. 

Animated images linked to a model assist the visualisation of 

the underlying mechanism. 
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Simulation Simulations of physical experiments are not bound by 

limitations normally constraining real experiments, allowing 

greater scope for (virtual) investigation. 

Visualisation of phenomena through animated images can 

support motivation and engagement with the concepts 

involved. 

Video-

measurement 

Video recordings of experiments involving change or 

movement may be analysed to yield graphs that may be 

used for analytical study. 

 

The handling of numerical data is a core activity for all these software 

categories: data-logging and video measurement software facilitate the 

collection of data; modelling and simulation software generate new data.  

Throughout, a common goal is the analysis of data, mainly through the use of 

graphs for which a large repertoire of tools exist in the software.  In practice, 

individual software packages incorporate features of two or more of the software 

types listed above.  Activities developed by the IT for US Project focus on the 

use of the following software packages: 

COACH 6  

Developed by the AMSTEL Institute (Amsterdam Mathematics Science and 

Technology Education Laboratory) at the University of Amsterdam, The 

Netherlands.  It is widely used throughout Europe as a software environment 

which integrates tools for measurement, control, video measurement, modelling 

and data processing. It offers a rich multimedia environment with text, pictures, 

video clips, animations and web pages. Coach 6 can be used in different subjects 

(biology, chemistry, physics, technology, mathematics) with many different 

curricula. In addition, as an authoring system, it enables the teacher to create 

tailor-made multimedia activities for students starting at primary level up to 

undergraduate. For data-logging, it supports a variety of hardware systems 

including the Coach II/II+ interface. For modelling it allows to use and create 

numerical models of continuous changing systems. Such modelling allows 

solving realistic problems that are difficult to solve analytically at the school level.   

DATALOGGING INSIGHT AND SIMULATION INSIGHT  

Developed by the School of Education at the University of Leicester, England.  

They are widely used throughout schools in the United Kingdom.  The programs 

offer the integration of data-logging, simulation and modelling activities through 

a common user interface built around a versatile graphing facility incorporating a 

suite of tools for analysing data. The Datalogging Insight program interfaces 

with a wide variety of different manufacturers’ data logging hardware systems 

such as LogIT, Data Harvest and CoachLab II.  The Simulation Insight program 

provides an authoring system for creating, testing and running simulations of a 
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wide range of scientific phenomena. The program gives complete access to the 

mathematical model, which drives the simulation.  It is thus possible to modify, 

redefine or replace the model, allowing pupils to investigate the theoretical 

assumptions upon which the model is based.  

MODELLUS  

Developed at the Faculty of Science and Technology, Nova University, Lisbon, 

Portugal.  It has been adopted as a modelling tool by the Advancing Physics 

curriculum in the UK and used in other educational systems in Europe and the 

Americas, is a software program that enables students to use mathematics to 

create models interactively and to build simulations based on these models.  

Modellus can be used as an exploratory or authoring environment. Entering a 

mathematical model in Modellus is like writing mathematical equations on paper. 

The program provides multiple representations of mathematical models by 

allowing them to be viewed concurrently as animations, graphs, and tables. 

Modellus models are interactive; while a simulation runs, students alter variables 

to see the effects on the animations, graphs, and tables. 
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E. Teaching skills with ICT    
The four types of software discussed 

here offer distinctive but 

complementary methods of engaging 

with the science of a chosen topic.  

Data-logging and video-measurement 

record data from real experiments, 

simulations offer extended 

investigation in an environment of 

virtual or conceptual experiments, 

modelling can develop thinking about 

relationships between variables, their 

mathematical description and the 

application of basic scientific 

principles.  All types of software 

share the common theme of 

exploiting the resources of graphical 

representation and the associated 

extensive repertoire of tools for 

analysis and interpretation.  

Investigating data in the form of a 

graph forms a common core of 

activity and facilitates an integrated 

approach to using the different types 

of software.  It is an explicit aim of 

the IT for US project to demonstrate 

how this integration may be achieved. 

The effective use of the software for 

teaching and learning requires the 

development of skills, some of which 

are specific to software and some 

which are already familiar in the 

practice of science (Newton and 

Rogers, 2001).  In planning skills 

development, it is helpful for teachers 

to consider two types of skill with 

software: 

 Operational skills which concern 

the manipulation of the computer 

hardware and knowledge of the 

features in the software. Examples 

include the setting up of sensors 

and interfaces, the setting up of 

graph parameters, the use of 

analysing tools and the loading 

and saving of data files (See 

Appendix 1 for more examples). 

 Procedural skills which concern 

the manner in which the software 

tools are employed in the lesson 

context for the purpose of 

achieving learning benefits.  A 

dominant aspect of these skills is 

the development of an inquiring 

approach to the analysis and 

interpretation of data and to 

making links with previous 

knowledge. (See Appendix 1 for 

examples). 

At the beginning of secondary 

schooling, most pupils already have a 

confident command of operational 

skills associated with the Windows 

user interface, so the main training 

requirement in science lessons is to 

add to these the skills needed for the 

specific hardware and software.  

Much of this may be achieved 

through individualised instruction 

through the use of worksheets or 

with tutorial software built into the 

programs.  For the acquisition of 

procedural skills however, the task is 

much more subtle and the role of the 

teacher is crucial.  Procedural skills 

involve insight, imagination, 

understanding, judgement, 

purposeful inquiry and cognitive effort, 

attributes that can only be acquired 

through practice, collaborative work 

and habitual questioning.  By 

example, the teacher can 

demonstrate strategies for 

appropriate and purposeful use of the 

software tools from which pupils may 
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model their own methods and 

approaches. 

For the teacher, there are further 

pedagogical skills that contribute to 

the effectiveness of the activities: 

1. Clarity of learning objectives for 

each activity. 

2. Understanding of the special value 

of the ICT tools and exploiting 

their full potential in purposeful 

ways for learning. 

3. To manage the activity in a way 

which promotes ‘appropriate’ 

rather than ‘indiscriminate’ use of 

ICT. 

4. To integrate the learning from 

each activity and to take 

corrective measures in order to 

facilitate the development of 

pupils’ understanding of the topic. 

The development of the last of these 

is a particular aim of the IT for US 

Project, and the activities presented in 

the topic modules have been specially 

selected to illustrate how integration 

might be achieved.  Comparisons of 

the observations and results of each 

activity form a central role in this 

integration process.  For example: 

 Compare the data-logging 

experiment graph with a video 

record, relating visual 

observations to the graph 

 Compare data from the model 

with experimental data 

 Compare a graph with animated 

motion in a simulation 

 Compare a simulation with 

observations during a data-

logging experiment. 

 

In these, the graph is a key tool in 

facilitating comparisons and 

interpretations, and skills with graphs 

generally provide a common thread in 

IT for US activities.  In software, the 

graph is such a versatile tool it is an 

ideal resource for supporting pupils 

working in an investigation mode, 

formulating their own questions, 

selecting their own procedures and 

testing their own hypotheses. 
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F. Managing ICT in the  

classroom    
The management of the classroom 

setting also has an important 

influence on the successful 

integration of activities.  When access 

to computer equipment is scarce or 

the teacher wants to focus on 

conceptual goals instead of 

procedural skills, it is likely that the 

teacher will wish to present the 

activity as a demonstration in a 

didactic manner. In this mode, the 

teacher can give strong guidance to 

pupils’ thinking about the 

comparisons between the activities; 

by example, the teacher can model 

an inquiry style of thinking. 

Alternatively, or as a complement, 

pupils could perform the activities in 

small groups of three or four pupils, 

each group engaged on a different 

activity. Integration might be 

achieved by each group making a 

presentation of their results to the 

whole class. In chairing these 

presentations the teacher can prompt 

discussion of the significant findings 

of each group. 

It is worth considering that all the 

activities may be used in a variety of 

learning contexts; it is not necessary 

to consider their mode of use 

exclusively as a first experience of 

the topic. For example, the simulation 

or video measurement activities could 

be used as a briefing before a 

practical experiment; simulation and 

modelling might be used as a means 

of extending an investigation, as a 

revision of a previous activity, or for 

distance learning. Although the 

activities have been designed to draw 

on the different tools in order to 

provide complementary experiences, 

it is not essential to use all four of 

them; two, three or four ICT tools 

might be chosen according to how 

well they suit the needs of teachers 

and pupils in a particular context. In 

varying conditions between schools 

and within schools at different times 

of the year or different stages in the 

curriculum, needs and 

appropriateness are likely to change; 

for example, data-logging equipment 

might not be available at the time of 

need, an individual pupil might need 

a revision or extension activity, an 

enrichment activity might be required 

to occupy some spare time, a quick 

activity might be needed if time is 

scarce.  The overlapping features, 

such as graphical presentation, 

between the activities allows them to 

be used to a certain extent as 

alternatives, but their distinctive 

features also allow them to be used 

as complements to each other.   

It becomes evident that the use of 

ICT in teaching can provide many 

new opportunities: new tasks, new 

ways of teaching, new ways of 

learning and sometimes new content. 

These are discussed in more detail in 

the IT for US modules. It is inevitable 

that ICT changes methods of 

teaching and learning. In particular, a 

more pupil-centred style of teaching 

compatible with the constructivist 

view of learning gains 

appropriateness. However, it is also 
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true that the success of ICT crucially 

depends upon the vision and actions 

of the teacher. It is important to 

recognise this mutual dependence; 

ICT affects teaching and teaching 

affects ICT.   

In this discussion it has been implicit 

that the ICT activities have been 

embedded in the science curriculum. 

It is a main principle of the IT for US 

project that ICT has great potential 

for developing pupils' understanding 

of science and, for this to be achieved, 

ICT methods must be incorporated in 

the teaching of science topics. This 

may be difficult in those countries 

where informatics is regarded as a 

separate discipline which is taught in 

a separate part of the curriculum 

from science and other subjects.  It is 

hoped that the materials and 

arguments presented by the project 

may be an agent for change and 

source of encouragement to science 

teachers to realise the benefits of ICT 

for improving pupils' understanding of 

science.
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G. Overview of the IT for US 

topic modules    
The sample topics have been chosen to illustrate the value of ICT to teaching 

and learning in biology, chemistry and physics in secondary schools.  Topics fall 

into four main categories: 

AN INTRODUCTION TO THE SOFTWARE TOOLS 

1. Oscillations: Data-logging, modelling and video-measurement with Coach 6 

2. Oscillations: Data-logging, modelling and simulations with Insight 

3. A video introduction Modellus 

 

BASIC SKILLS WITH GRAPHS 

4. Introduction to graphs and trajectories 

5. Vectors, velocity and displacement 

 

CORE CURRICULUM MODULES 

6. Strong and weak acids 

7. Photosynthesis and respiration 

8. Cooling and change of state 

9. Electricity – Concepts and circuits 

10. Modelling chemical reactions 

 

EXTENSION CURRICULUM MODULES 

11. Bungee jumping 

12. Thermal energy and the human body 

 

Each module consists of: 

 Pupil activity sheets giving instructions for performing the tasks. 

 Teachers' Guide providing background information, advice on teaching 

approaches, and a commentary on the potential learning benefits of the 

activities 

 Software Resources for performing activities 
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Each of the modules was designed by a group of content experts in association 

with scientists who knew the software well. Subsequently, various draft versions 

of each module were implemented with student teachers as well as with 

experienced teachers in Cyprus and Poland. Based on these trials, feedback 

information was collected which was used to refine the module content and 

approach.  As a result of this process, we believe that it is possible to utilize the 

modules in a diversity of contexts, by modifying the materials to meet the 

different needs of teacher preparation or teacher development programmes. 

 

Module 1-3: Introductory modules - Oscillations 

1. Data-logging, modelling and video-measurement with Coach 6 

2. Data-logging, modelling and simulations with Insight 

3. A video introduction to Modellus 

These modules feature the oscillation of a simple pendulum and serve as 

introductory tutorials on how to use the software tools: 

 Data-logging: Recording data for the angle of swing as a function of time, 

followed by analysis of graphs of angle vs. time to gain information about 

angular velocity and acceleration 

 Simulation: Extended investigations of the effect of amplitude, pendulum 

length and gravity on the period of the pendulum. 

 Modelling: The relationships between the variables are represented in 

mathematical models to imitate the motion of a real pendulum. 

 

Module 4. Introduction to graphs and trajectories  

This module presents activities related to the interpretation of graphs, tables 

and functions in the context of motion, using Modellus and a spreadsheet.  The 

activities illustrate the advantages of computers in providing opportunities to 

see graphs develop in real time and to explore multiple representations 

simultaneously (graphs, algebraic, trajectories, tables). 

 Data Logging: laboratory experiment to create and analyse position-time 

graphs obtained with a motion sensor Recording data for the angle of swing 

as a function of time, followed by analysis of graphs of angle vs. time to 

gain information about angular velocity and acceleration. 

 Modelling: simple models for exploring position-time graphs: 

1. Graphs for a particle moving on one axis 

2. Graphs of linear functions 

3. Deducing a function from a graph 
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4. Graphs of quadratic functions 

5. Graphs of sinusoidal functions 

 

Module 5. Vectors, velocity and displacement 

This module presents activities which illustrate how a modelling program like 

Modellus can be used to visualise physical vector quantities and how they 

relate to scalar quantities. The activities also develop ideas about vector 

components, vector addition, rates of change and solutions of the equations of 

motion.  

 Modelling:  interactive models for representing velocity and displacement: 

1. Visual explanation of velocity and displacement 

2. A model of the motion of the boat 

3. Iterative solution of the equations of motion 

4. Controlling a model using an independent vector. 

 

Module 6. Strong and weak acids 

This module offers activities in which acid-base reactions and differences in 

behaviour of strong and weak acids in solution are analysed. The following 

activities are available:  

 Data Logging - laboratory experiments: 

1. To measure pH during the titration of strong and weak acids with a 

strong base, and 

2. To determine an unknown concentration of an acidic solution 

 Modelling: simulations based on mathematical models which describe the 

concentration of [H3O
+] and the change of pH during a titration. The 

simulations help to answer the questions raised in the data-logging 

activities. 
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Module 7. Photosynthesis and respiration 

The activities in this module exploit the use of ICT to develop deeper 

understanding of processes connected to photosynthesis. The following 

activities are available:  

 Data Logging - three laboratory experiments: 

1. To investigate plant respiration 

2. To investigate relationship between the photosynthesis and the intensity 

and colour of light 

3. To observe photosynthesis of different plant types in long time 

measurement (day and night rhythm) 

 Modelling: To simulate use of oxygen in water by plants and animals in a 

pond.   

 

Module 8. Cooling and change of state 

This module offers activities related to the phenomenon of substances 

changing their state from liquid to solid during cooling.  There are four types 

of activities: 

 Data-logging: a laboratory experiment to observe and measure the 

change of a liquid as it cools into the solid state. 

 Simulation: a visual aid to assist an interpretation of the phenomenon of 

change of state in terms of a kinetic theory of particles. 

 Modelling: a mathematical model to predict changes of temperature in a 

liquid when it is hotter than its surroundings. 

 Video measurement:  a video record of the laboratory experiment on 

change of state to help link observations to temperature measurements 

and a theory for explaining the phenomenon. 

 

Module 9. Electricity – Concepts and circuits 

The theme of this module is the properties of simple electric circuits.  To build 

an understanding, the basic electrical concepts are required: charge, current, 

energy, voltage, resistance and power.  The activities exploit the use of ICT to 

stimulate thinking about how these concepts are used to understand the 

behaviour of electrical components and circuits.  There are three types of 

activities: 

 Data-logging: Four laboratory experiments: 
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1. To investigate the relationship between voltage and current for a carbon 

resistor 

2. To investigate the behaviour of two resistors connected in series or 

parallel 

3. To investigate the relationship between voltage and current for a torch 

bulb 

4. To investigate the relationship between voltage and current for a diode 

 Simulation: Visual aids to assist understanding of the concepts of current 

and voltage and the interpretation of the data-logging experiments on 

simple circuits:  

1. To illustrate the behaviour of currents flowing in series and parallel 

circuits 

2. To investigate the sharing of voltage in series circuit connections 

3. To illustrate the concept of voltage as a measure of energy change in a 

circuit 

4. To investigate resistors in series and parallel 

5. To investigate power dissipated in a circuit 

 Modelling: Models to show the relationship between voltage and current 

for a bulb, to calculate the combined resistance of three resistors in parallel 

and to predict the voltage supplied to a circuit as the load resistance is 

varied. 

 

Module 10. Modelling chemical reactions 

This module presents activities which illustrate how to make a mathematical 

model of a chemical reaction from the rate law, i.e. the equation that relates 

the rate of reaction with the concentration of the chemical components that 

interact in the reaction. The activities also develop ideas about chemical 

kinetics which are applied to many other disciplines:  

 Modelling:  interactive models for representing quantities and 

concentrations to study rates of reaction:   

1. The simplest chemical reaction (first order) 

2. A reversible chemical reaction and changing equilibrium 

3. Modelling successive reactions 
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Module 11. Bungee jumping 

This module offers activities related to bungee jumping. The following 

activities are available: 

 Video measurement:  to perform the measurements on a video of the 

bungee jump allowing analysis of the bungee jumper motion. 

 Data-logging: laboratory experiments to measure force during stretching 

of the elastic with different masses and force encountered by jumpers on 

different bungee cords. 

 Modelling: a mathematical model to describe the motion of the bungee 

jumper. 

 

Module 12. Thermal energy and the human body 

The theme of this module is the thermal energy balance maintained by the 

human body.  The principal source of energy to the body is food and a major 

output of energy is in the form of heat.  The activities focus on the processes 

associated with the input and output of energy.  There are four types of 

activities: 

 Data-logging: Two laboratory experiments: 

1. To investigate the energy value of food by measuring the heat produced 

when a potato chip is burnt 

2. To investigate the cooling effect of evaporation 

 Simulations: Visual aids to assist an interpretation of the data-logging 

experiment on food and to explore the processes of heat transfer in the 

human body. 

 Modelling: A mathematical model to predict the changes of temperature 

in the data-logging experiment with a liquid evaporating.  

 Video measurement:  a video record of an experiment in which the heat 

generated by the human body is measured by placing the subject in an 

enclosed box and recording temperature changes. 
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H. The Structure of the  

modules    
The Teachers' Guide for each module consists of three sections: 

1. Introduction 
 

BACKGROUND THEORY An outline of the science theory needed to 

understand the module activities. 

PRE-REQUISITE KNOWLEDGE A list of the main concepts and items of 

knowledge required by pupils before 

attempting the activities. 

SCIENCE CONCEPTS DEVELOPED  

IN THE MODULE 

A list of the concepts developed in the 

activities of the module. 

OTHER USEFUL INFORMATION References to other sources of information 

about the topic and methods of teaching. 

 

2. Didactical approach 
 

PEDAGOGICAL CONTEXT 
Suggestions of potential teaching aims and 

relevant curriculum opportunities for using 

the activities. 

COMMON STUDENT  

DIFFICULTIES 

A list of common misconceptions and 

problems in understanding amongst pupils, 

as reported by teachers and in the 

research literature. 

EVALUATION OF ICT 
A detailed discussion of the benefits to 

learning afforded by the use of the ICT 

methods in each activity. 

TEACHING APPROACHES 
A detailed analysis of the skills needed for 

and developed by the activities. There is 

also advice about the preparation of 

lessons and of teaching sequences which 

incorporate the activities. 
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3. Student activities  

Activity sheets giving detailed descriptions of student activities.  

The modules should not be regarded 

as self-contained schemes of work 

and lesson plans.  They are designed 

as a resource for prompting ideas and 

discussion (in a teacher-training or 

in-service training context) about the 

opportunities and learning value of 

ICT methods in science teaching.  It 

is hoped that the activities can be 

used flexibly with a variety of 

different teaching and learning styles, 

so teachers should be encouraged to 

interpret the use of activities in a way 

which best suits their preferred 

teaching style.  At the same time it is 

hoped that teachers will also be 

prompted to consider alternative 

methods of teaching with the 

materials.  In this spirit, it is an aim 

of the IT for US Project to promote a 

vision of the new opportunities for 

thinking, explaining, understanding 

and generally interacting with science 

ideas afforded by ICT. 

An important aspect of planning 

lessons which use ICT is to devise a 

teaching sequence which will secure 

progression in pupils' learning.  This 

requires introducing topics and 

concepts in a logical order and 

integrating the ICT activities with 

'normal' non-ICT activities featuring 

discussion, exercises, lab 

experiments, demonstrations and so 

on.  Teachers' individual opinions and 

preferences about an optimum 

teaching sequence are known to vary, 

but the authors of modules have 

considered it helpful to recommend a 

teaching sequence which employs the 

ICT activities to best advantage.   

These recommendations should be 

used as items for analysis and 

discussion during in-service and 

teacher training sessions.  Teachers 

should avoid regarding them as an 

official syllabus for the topic 

concerned. 

Similarly, the pupils' worksheets are 

intended as models indicating the 

main elements of instruction to make 

an activity be performed successfully.  

It is hoped that teachers will develop 

their own versions of worksheets, 

adapting the ideas provided in the 

module.  Some modules contain 

appendices which illustrate 

worksheets developed in alternative 

styles by teachers involved in the 

trials of the materials.  In general, 

the adaptation of ICT resources and 

their integration with other teaching 

tools is an indicator of successful 

teacher development with ICT. 
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I. Software and hardware  

resources    
All the activities require software applications and resource files. The resource 

files consist of models, simulations, video sequences, configurations for data-

logging and sets of data and are supplied with each module, but the application 

programs (Coach, Insight and Modellus) require separate purchase. In principle 

each module may use any of the programs, but the resource files supplied tend 

to be specific to one program as detailed below. Modelling, simulation and video-

measurement activities use software only, whereas data-logging activities 

require additional hardware comprising an interface (data-logger), sensors and 

standard laboratory equipment. Details of the latter are provided in each module.  

A summary of computer-based requirements is as follows: 

 

 Module Software program Sensors 

1 Oscillations: Introductory 

activities with Coach 6 

Coach 6 motion  

2 Oscillations: Introductory 

activities with Insight 

Datalogging Insight 

Simulation Insight 

angle/position 

3 A video introduction to 

Modellus 

Modellus - 

4 Introduction to graphs and 

trajectories 

Modellus motion 

5 Vectors, velocity and 

displacement 

Modellus - 

6 Strong and weak acids Coach 6 pH, step-motor 

burette 

7 Photosynthesis and 

respiration 

Coach 6 CO2, light, oxygen, 

temperature 

8 Cooling and change of state Datalogging Insight 

Simulation Insight 

temperature 

9 Electricity – Concepts and 

circuits 

Datalogging Insight 

Simulation Insight 

current, voltage 

10 Modelling chemical reactions Modellus - 

11 Bungee jumping Coach 6 force 

12 Thermal energy and the 

human body 

Datalogging Insight 

Simulation Insight 

temperature, 

humidity, 

CO2 (optional) 
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The Coach system comprises both Coach 6 software and the CoachLab II/II+ 

interface and sensors for data-logging.   

Datalogging Insight software is compatible with both the CoachLab II/II+ and 

LogIt interfaces and sensors for data-logging. 

 

The following table summarises the main features of the software systems: 

 

Activity type Coach 6 Datalogging 

Insight 

Simulation 

Insight 

Modellus 

Data-logging     

Simulation     

Modelling     

Video 

measurement 

 

 

   

Graphical 

analysis 

 

 

 

 

 

 

 

 

Import data     
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J. Teacher training with  

IT for US    

1. An agenda for teacher training 

The survey conducted by the IT for US project into ICT use in schools indicated 

the following training needs of teachers: 

  Data-logging; teachers lack familiarity and confidence with equipment and 

software 

  Simulations and visualisation software; although popular with teachers, 

much use is dominated by didactic, non-constructionist teaching 

approaches 

  Modelling techniques are under-used and practised infrequently 

  Video measurement is novel and of limited awareness. 

Although the degree and maturity of use of each of the ICT applications varied 

between the countries surveyed, the range of training needs is common for 

many secondary school science teachers throughout Europe.  The IT for US 

modules aim to fulfil such needs by providing vision of these applications and 

supporting this with practical ideas and pedagogical commentary. 

 

2. The selection of materials for training courses 

It cannot be over-emphasised that 

the IT for US modules are not 

intended to comprise a complete or 

self-contained curriculum for teaching 

science with ICT.  The materials 

should be chosen selectively 

according to the context, aims and 

scope of a training course.  The three 

main elements of value to course 

instructors are: 

 

 

 

 

 

  Vision of the learning value of 

ICT; enlightening teachers of 

potential learning benefits unique 

to ICT applications 

  Exemplar practical activities which 

illustrate such value; activities 

which may be performed in course 

workshops and taken back to 

school for use in lessons 

  Pedagogical commentary for 

provoking thought and fuelling 

discussion amongst teachers 

about objectives, methods and 

styles of teaching 
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The materials overtly promote a 

constructionist style of teaching, 

which if adopted, reaps the greatest 

benefits for pupils’ learning with ICT.  

However, applying the principle of 

constructionist teaching to the 

teacher training process itself, 

demands that teachers should be 

encouraged to adapt their acquired 

teaching skill to the new contexts 

offered through ICT.   This can often 

be achieved by engaging teachers in 

the process of designing activities, 

and as a method of achieving this, 

having first tried out the published 

activities, it is hoped that instructors 

and teachers will feel confident to 

adapt the module materials to 

incorporate their own teaching 

insights.  Localising or personalising 

the material should be encouraged in 

general; when teachers make their 

own investment, they gain a better 

quality of ownership of the material.  

Some of the modules contain 

examples of adaptations made by 

teachers during IT for US workshops 

in the trials phase of the project. 

One of the most significant aspects of 

selecting and presenting training 

materials is that of the national 

context of science curriculum 

requirements.  Understandably, the 

motivation of many teachers to use 

ICT is driven by examination syllabi 

and national curriculum.  If such 

requirements do not specify ICT 

methods, teachers might be tempted 

to conclude that ICT is not useful or 

needed.  This view often represents 

an unfortunate misunderstanding of 

how ICT can contribute learning 

benefits.  This and related issues in 

the Polish context are illustrated in 

the paper included as Annex 1.  To 

accommodate as wide a relevance to 

different curricular contexts as 

possible, the majority of modules 

have been designed to feature basic 

skills or ‘core curriculum’ topics.  The 

two ‘extension curriculum’ modules 

were designed to illustrate how core 

curriculum concepts may be applied 

in novel contexts. 

Another criterion for selecting a 

module is the specialist science 

subject involved.  There are 

differences in the educational cultures 

between countries; for example 

'Science for everybody' and 

'Modelling is part of physics’ are very 

new concepts to some teachers.  In 

countries where biology, chemistry 

and physics are taught as separate 

disciplines by individual specialist 

teachers, teachers might feel 

uncomfortable with a module 

featuring a subject different from 

their specialism.  

Further, the suitable age level of 

usage of the modules needs to be 

judged by instructors with reference 

to local curriculum traditions.  Some 

modules are clearly aimed at older 

pupils (16+) whereas others could be 

used with 14 year olds. 

The type of software available is 

another factor influencing the 

selection of materials. 
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The table below summarises how these selection factors relate to the modules 

available. 

 

Module Curriculum 

application 

Subject Age 

level 

Software 

1. Oscillations:  

Introduction to Coach 6 

Software 

skills 

All 

science 

12-17 Coach 6 

2. Oscillations:  

Introduction to Insight 

Software 

skills 

All 

science 

12-17 Insight 

3. A video introduction to 

Modellus 

Software 

skills 

All 

science 

12-17 Modellus 

4. Introduction to graphs and 

trajectories 

Skills with 

graphs 

All 

science 

14-17 Modellus 

5. Vectors, velocity and 

displacement 

Skills with 

graphs 

Physics 14-17 Modellus 

6. Strong and weak acids Core 

curriculum 

Chemistry 16-17 Coach 6 

7. Photosynthesis and 

respiration 

Core 

curriculum 

Biology 15-17 Coach 6 

8. Cooling and change of state 

 

Core 

curriculum 

Chemistry 

Physics 

15-17 Insight 

9. Electricity – Concepts  

and circuits 

Core 

curriculum 

Physics 14-17 Insight 

10.Modelling chemical 

reactions 

Core 

curriculum 

Chemistry 15-17 Modellus 

11.Bungee jumping Extension 

curriculum 

Physics 15-17 Coach 6 

12.Thermal energy and  

the human body 

Extension 

curriculum 

Biology 

Physics 

14-17 Insight 
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In general, modules do not have to be used in one prescribed way.  Instructors 

may employ them with a variety of objectives, choosing activities which fulfil 

those objectives.  Most modules demonstrate how different types of ICT may 

complement each other and be integrated into teaching sequences, but this does 

not exclude selecting activities for courses with a single focus such as data-

logging or modelling.  Indeed, experience shows that short courses are more 

effective when the focus is limited.  For novice teachers, it makes sense to gain 

confidence in a simple activity first, before attempting a greater variety of 

activities.  This is particularly true with data-logging activities; it is best to start 

with simple equipment such as temperature probes which are easy to use and 

have many versatile applications. 

3. General principles for designing teacher 

training courses 

The previous section discussed the factors influencing the selection of materials 

for use on a training course.  Considering the range of modules available, it is 

apparent that they fulfil several different purposes: 

  The introductory modules are for acquiring skill in using the three 

software systems, Coach 6, Insight and Modellus. 

  The graph skills modules promote thinking about graphs using Modellus 

software. 

  The curriculum modules each focus on the teaching of a single topic 

from biology, chemistry or physics and use one of the three software 

systems 

 

An ideal training course offers teachers the following experiences: 

1. An introductory session sets out a vision of learning opportunities with ICT 

and gives explanations and demonstrations of course activities 
2. Teachers are provided with software, hardware and curriculum materials 

for performing activities 
3. Teachers try the activities themselves and practise using them in real 

lessons with pupils 
4. Teachers have ongoing access to technical and tutorial support 
5. Teachers report back and share experiences with other teachers 

 

Variations on this training model have been implemented in several countries 

and although it is not always possible to provide all experiences, their distinctive 

contributions to the quality of the training process may be recognised:  

The introductory session allows an expert instructor to empathise with teachers’ 

training needs and to promote a vision of ICT as a valuable teaching tool; ready-

made materials of proven value give a good start to teacher engagement; 

hands-on activity and practise are essential for learning new techniques; prompt 

access to a mentor who can give advice at the point of need and feedback on 
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progress is valuable for building personal confidence; collaboration with other 

teachers through discussion and plenary sessions is valuable for consolidating 

and broadening learning. 

For an introductory session for an IT for US course, the following elements are 

recommended: 

  An introduction to the ‘added value’ of ICT activities followed up with a 

discussion of learning gains 

  A discussion of the relevance of the modules materials to the local 

curriculum 

  A discussion of the operational skills and procedural skills required for 

successful implementation of ICT activities 

  An introduction to the software used in the module 

  A demonstration of a student activity 

  Workshop practice: teachers trying out a student activity 

  Evaluation of activity 

All these elements are supported by the module materials, especially through 

the commentaries contained in the ‘Didactical approach’ sections of the module 

booklets. 

Example formats of successful courses organised within the IT for US project 

development: 

2 – 4 HOURS WORKSHOP  

for biology, chemistry or physics teachers (or all of them) with activities from 

one module selected by trainer or one ICT technique (data logging, video 

measurements, modelling and simulation).  Teachers attend a series of such 

workshops, one per month. 
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FEW DAYS’ WORKSHOP 

(20 – 30 hours) for all science teachers, who can work in subject groups with 

chosen modules, e.g.:  

 Physics teachers  – Bungee jumping, Change of state, Electricity, Energy 

and the human body, Introduction to graphs and trajectories, Vectors, 

velocity and displacement, 

 Chemistry teachers – Strong and weak acids, Modelling chemical reactions, 

Change of state, 

 Biology teachers – Photosynthesis and respiration, Energy and the human 
body. 

 

  
 

  

 

     

BLENDED LEARNING COURSE  

ICT in Science Education for science teachers (50 hours) – Some lessons are 

carried out at the training centre and some with the Moodle online virtual 

learning platform. 
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CONFERENCE WORKSHOP  

5 hours – teachers work on one complete module. 

    
 

IN-SERVICE TRAINING COURSE  

ICT use in Science Teaching – 12 meetings of 6 hours each;  

 One meeting (6 hours) devoted to Bungee Jumping module, focusing on 

video measurements, conceptual development and potential learning 

gains of pupils and organisation of activities in lessons.  

 One meeting devoted to Cooling and Change of State module, focusing on 

modelling techniques, refining existing models, developing new models 

and designing variants of materials. 

 

On courses conducted so far, most teachers have agreed that modules have 

good potential for making science lessons more interesting, for motivating pupils 

and for helping them gain better understanding. However, practical difficulties 

with software and hardware can easily become obstacles to the further 

commitment of teachers who invariably lead very busy professional lives. The 

most common difficulties raised by teachers are briefly discussed here: 

Familiarity with software 

Many teachers express concern when confronted with unfamiliar software.  

Experience suggests that it is unwise to use more than one software system in a 

given workshop. It is preferable to make a choice between Coach 6, Insight, or 

Modellus. It is then worth spending time on the appropriate introductory module 

to build teachers’ confidence in the software. If preferred, even simpler informal 

exercises with software may be devised as introductory experience. For example, 

a temperature probe and a data-logger may be used to detect the temperature 

of different parts of the body; back of hand, palm of hand, neck etc. 
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Data-logging equipment 

In many countries data-logging equipment is scarce compared with other 

computer equipment. The lack of availability is a real obstacle which can only be 

resolved through institutional or national policies; however, course providers 

might consider how teachers might be given access to equipment held at 

training centres as a follow-up to course attendance. The same might be 

considered about the provision of technical support and advice from training 

centres; it is certain discouragement for a teacher when equipment fails to work 

and there is no-one to turn to for advice. Some data-logging experiments 

demand more sophisticated sensors than others; when confidence or funds are 

limited it is wise to select activities for which simple sensors may suffice. Then 

there is the further issue of the time needed to experiment and practise with the 

equipment. There is no simple solution to the problem of time; it is not unique to 

data-logging but applies to any type of educational innovation. Our best hope is 

that courses so convince teachers of the benefits of ICT that they will invest time 

as a priority. 

Simulations 

Simulation and visualisation software is probably the least problematic for 

module activities. There are numerous applets downloadable from the Internet 

which are acceptable alternatives to the simulation files supplied with the 

modules, as long as teachers do not lose sight of the learning value of their use, 

much of which resides in making links with real data from experiments and with 

models. 

Modelling systems 

For many teachers, modelling may be an unfamiliar activity, so teacher training 

is likely to have an important role to fulfil in terms of providing vision of the 

learning benefits of activities with models as well as helping teachers acquire the 

skills and confidence to teach modelling activities. The IT for US modules 

exemplify the use of three modelling systems, each having distinctive 

properties: 

  Coach 6 uses a ‘stocks and flows’ method of representing variables and 

changes. 

  Insight uses ‘systems’ diagrams for representing variables and 

relationships. 

  Modellus allows models to be built by typing algebraic formulae and 

equations. 

Each system provides strong links with the graphical representation of data and 

tools for analysing data and assisting the development of scientific 

understanding from the use of models. 
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In view of the distinctiveness of these systems, it is best not to present all three 

methods in close proximity. For short training courses, instructors should choose 

one system which best matches the needs of the curriculum and the teaching 

methods most familiar to teachers. For longer courses, the two or more systems 

may be compared to consider the different insights they give into the value that 

ICT can contribute to learning. For instructors who wish to pursue and in-depth 

study of modelling methodology, we commend the thirteen proposals described 

in the document Development of Pedagogical Methodology to be found as Annex 

2. 

In modelling workshops conducted by the IT for US Project, a frequent topic of 

teachers’ discussion centred on the scientific accuracy of models, highlighting 

the simplifications and approximations implicit in some models. Such discussion 

re-emphasises that modelling is a dynamic process whereby a continual cycle of 

evaluation leading to refinement is often possible. With refinement comes 

complexity which, from a pedagogical point of view, may hinder understanding, 

and teachers have to make decisions about how well a simplified model fulfils its 

teaching purpose. It is worth emphasising that the main learning value of 

modelling resides in the process of model evaluation and the review of how 

scientific principles are applied. 



 

 

 

IT for US 

A Resource for Science Teachers and Teacher Trainers - 39 

Appendix 1. 

Operational and procedural skills    
(from Newton & Rogers, 2001) 

 

OPERATIONAL SKILLS 

Keyboard & typing skills 

Booting/launching a program 

Windows skills: mouse, clicking, 

scrolling, dragging, highlighting 

Minimise, maximise, undo, redo 

Managing folders/files 

File management: open, save & print 

File formats (text, graphics etc.) 

Editing: cut, copy, paste 

Printing: 

Font selection & formatting, styles 

Layout & tabs for positioning text & 

graphics 

Proofing tools: spelling checker, 

grammar checking, dictionary 

Inserting tables & charts,  

Defining formulae 

Sorting data 

Using templates 

Drawing lines & shapes 

Importing text & graphics from other 

sources 

Adding hyperlinks

 

Graphing tools: 

Using cursors, zoom, assigning axes, altering axes limits. 

Choosing display options: grid, points, lines, hide/show controls, use of colour 

coding. 

Defining formulae 

 

Data-logging: 

Connecting sensors and interfaces (including batteries maintenance) 

Choosing logging parameters; duration, sample rate 

Starting and finishing real time logging 

Setting up remote logging and subsequently retrieving data 

Calibration of sensors (optional, depending upon the type of sensor) 
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PROCEDURAL SKILLS 

 

Modelling tools and Simulations: 

Using the time bonus 

Investigative approaches to modelling 

Developing analytical and divergent thinking 

 

Graphing tools: 

Observing the graph qualitatively 

Reading values purposefully 

Describing variables 

Relating variables 

Predicting new data 

Applying mathematical description to data 

 

Data-logging: 

Using the time bonus  

Exploiting opportunities for new experiments 

Active observation during real-time logging 

Evaluating measurement quality 

Analysing data using graphs 

 

 

 

 

 

 

For a full discussion of operational and procedural skills, see: 

Newton, L. & Rogers, L.T. (2001) Teaching Science with ICT.  London: 

Continuum 
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Appendix 2. 

Recommended hardware systems 

for data-logging    
A great variety of interfaces and sensors are available for data-logging activities 

and teachers will wish to employ items already purchased.  The following items 

have been used in project trials and are recommended as offering successful 

experiences. 

 

CMA 

code 

Interface LogIT 

code 

Interface 

006p CoachLab II+ (includes 

cable and power adapter) 

D100336 LogIT Black Box USB Basic 

pack (includes light & 

temperature sensors) 

 Basic Sensors  Basic Sensors 

0513 Light sensor (0 .. 200 lx) D100090 Single light gate 

017i Sound sensor  

(-45 .. +45 Pa) 

D100060 Sound level sensor 

03517* Motion Detector  D100091 Ultrasonic ranger sensor 

0511 Temperature sensor  D100098 Temperature (ProTemp) 

sensor 

  D100059 Movement sensor (angle) 

 Extra Sensors  Extra Sensors 

0222i Current Sensor  

(-500 .. +500 mA) 

D100068 Current sensor 

030i pH-amplifier  

(electrode not included) 

D100045 Voltage sensor 

031 pH-electrode (can not be 

used without 030i)  

D100086 pH electrode & amplifier 

0362* Force sensor with two 

ranges (-5 .. +5 N and  

-50 .. +50 N) 

D100156 Force sensor 
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0661i CO2 sensor  

(0 .. 5000 ppm) 

D100161 CO2 sensor (0 .. 20000 ppm) 

0265i Oxygen gas sensor D100135 Oxygen gas sensor 

025i Relative Humidity Sensor 

(0 .. 100 %) 

D100069 Humidity sensor 

061 Step-motor burette D100080 Air pressure sensor 

Coach Data-logging and control 

system is a product of  

the AMSTEL Institute of  

University of Amsterdam  

and distributed by  

Foundation CMA  

Kruislaan 404 

1098 SM Amsterdam  

The Netherlands 

www.cma.science.uva.nl 

LogIT Data-logging system 

manufactured by DCP 

Microdevelopments Limited 

Bow Street 

Great Ellingham 

Norfolk, NR17 1JB 

Great Britain 

www.logo.com 

 

* An older model; a new model is available now (January 2008). 

 

http://www.cma.science.uva.nl/
http://www.logo.com/
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Appendix 3. 

Summary of resources for student 

activities    

1. INTRODUCTORY MODULE WITH COACH 6 

 

Overview: 

1. Video –measurement: a video clip to analyse the simple gravity 

pendulum’s motion.  

2. Data-logging: a laboratory experiment to record and analyse the motion 

of the mass oscillating on a spring.  

3. Modelling:  to create a graphical model of harmonic motion.  
 

Activity Software 

program 

Files available 

1. Data video Coach 6  1.Swinging pendulum.cma (activity file) 

1.Swinging pendulum.cmr  (result file with 

exemplary data) 

2. Data-logging Coach 6 2.Spring oscillations.cma (activity file) 

3. Modelling Coach 6 3.Modelling harmonic motion.cma  

(activity file) 

3.Modelling harmonic motion.cma  

(result file with exemplary data) 

 

EQUIPMENT AND MATERIALS FOR ACTIVITY 1 (DATA-LOGGING) 

 Computer 

 Software – See table above 

 Interface (ex. CoachLab II/II+ interface) 

 Ultrasonic motion detector 

 Force sensor (± 50 N) (optional) 

 Spring, mass, stand and clamp 



 

 

 

IT for US 

A Resource for Science Teachers and Teacher Trainers - 44 

2. INTRODUCTORY MODULE WITH INSIGHT 

 

Overview: 

1. Data logging: a laboratory experiment to observe, measure and analyse 

the motion of a simple pendulum.  

2. Simulation: a visual aid to assist an investigation of the variables which 

affect the motion of a pendulum.  

3. Modelling:  a mathematical model to represent and investigate the 

relationships between the variables which affect the motion of a pendulum.  
 

Activity Software 

program 

Files available 

1. Data-logging Datalogging 

Insight 

Set-up file: ‘pendulum set up’ 

Open this file to configure the program ready 

for the experiment. 

Data file: ‘pendulum data’ 

This file contains a sample set of data. 

2. Simulation Simulation 

Insight 

Open file: ‘pendulum' 

3. Modelling Simulation 

Insight 

Open file: ‘pendulum model’ 

 

EQUIPMENT AND MATERIALS FOR ACTIVITY 1 (DATA-LOGGING) 

 Computer 

 Software – Insight Set-up file: 'pendulum set up' 

 Interface (data-logger) 

 Angle sensor in clamp 

 Pendulum consisting of stiff wire and metal mass 

 [Optional: Insight file: ‘pendulum data’] 

 



 

 

 

IT for US 

A Resource for Science Teachers and Teacher Trainers - 45 

6. STRONG AND WEAK ACIDS  

 

Overview: 

1. Data logging: Two laboratory experiments:   

  To measure pH during the titration of strong and weak acids with a 

strong base.  

  To determine an unknown concentration of an acidic solution.  

2. Modelling: simulations based on mathematical models which describe the 

concentration of [H3O
+] and the change of pH during a titration. The 

simulations help to answer the questions raised in the data-logging 

activities.  

Activity Software 

program 

Files available in Coach 6 Project  

Strong and weak acids 

0. Control  

(optional)  

Coach 6  0. Calibration of CMA step-motor 

burette.cma (activity file) 

1. Data-logging Coach 6  1A. Neutralization of strong and weak 

acids.cma (activity file) 

1B. Neutralization of strong and weak acids 

with the step-motor burette.cma 

(activity file) 

2. Data-logging  Coach 6 2A. Acid-base titration.cma  (activity file)  

2B. Acid-base titration with the step-motor 

burette.cma  (activity file) 

3. Modelling Coach 6 3A. Titration curve of a strong acid.cma 

(activity file)  

3B. Titration curve of a weak acid.cma 

(activity file) 

 

EQUIPMENT AND MATERIALS FOR ACTIVITY 1 AND ACTIVITY 2 (DATA-LOGGING) 

 Computer 

 Software – See table above 

 Interface (CoachLab II/II+ interface) 

 pH sensor 

 25-mL burette (method A) or CMA step-motor burette (method B) 

 several 100-mL beakers, magnetic stirrer or stirring bar, distilled water 
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FOR ACTIVITY 1 

 0.1 mol/dm3 (M) sodium hydroxide NaOH (strong base) 

 0.1 mol/dm3 (M) hydrochloric acid HCl (strong acid) 

 0.1 mol/dm3 (M) acetic acid HC2H3O2 (called also HAc) (weak acid)  

FOR ACTIVITY 2 

 hydrochloric acid HCl of an unknown concentration 

 



 

 

 

IT for US 

A Resource for Science Teachers and Teacher Trainers - 47 

7. PHOTOSYNTHESIS AND RESPIRATION  

 

Overview  

1. Data logging: Three laboratory experiments:   

  To investigate plant respiration.  

  To investigate relationship between the photosynthesis and the 

intensity and colour of light.  

  To observe photosynthesis of different plant types in long time 

measurement (day and night rhythm). 

2. Modelling: To simulate use of oxygen in water by plants and animals in a 

pond.  

 

Activity Software 

program 

Files available in Coach 6 Project  

Photosynthesis and Respiration 

1. Data-logging Coach 6  1.Plant respiration.cma (activity file)  

1.Plant respiration.cmr (result file with 

exemplary data)  

2. Data-logging  Coach 6 2.Processes in dark and light.cma (activity file)  

2.Processes in dark and light.cmr  (result file 

with exemplary data) 

3. Data-logging  Coach 6 3.Monitoring photosynthesis.cma  (activity file) 

3.Monitoring photosynthesis.cmr (result file 

with exemplary data) 

4. Modeling  Coach 6  4.Life in a pond.cma (activity file) 

 

EQUIPMENT AND MATERIALS FOR ACTIVITY 1 AND ACTIVITY 2 (DATA-LOGGING) 

 Computer 

 Software – See table above 

 Interface (CoachLab II/II+ interface or ULAB data-logger) 

 CO2 gas sensor with a 250-ml sampling bottle and rubber stopper delivered 

with the sensor 

 Light sensor, Temperature sensor, O2 Gas sensor, Humidity sensor (optional) 
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FOR ACTIVITY 1 

 Seeds for example cuckoo-flower or peas, a paper towel or cotton 

 Large, transparent plastic bottle or big glass jar 

FOR ACTIVITY 2 

 Lamp (bright) 

 Large glass container filled with water (heat sink) 

 Fresh green leaves 

 Aluminium foil 

 Different colour filters 
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8. COOLING AND CHANGE OF STATE 

Overview  

1. Data logging: a laboratory experiment to observe and measure the 

change of a liquid as it cools into the solid state.  

2. Simulation: a visual aid to assist an interpretation of the phenomenon of 

change of state in terms of a kinetic theory of particles.  

3. Modelling:  a mathematical model to predict changes of temperature in a 

liquid when it is hotter than its surroundings.  

4. Video measurement:  a video record of the laboratory experiment on 

change of state to help link observations to temperature measurements 

and a theory for explaining the phenomenon. 

 

Activity Software 

program 

Files available 

1. Data-logging Datalogging 

Insight 

Set-up file: ‘Cooling logging set up’ 

Open this file to configure the program 

ready for the experiment. 

Data file: ‘Cooling logging data’ 

This file contains a sample set of data. 

2. Simulation Simulation 

Insight 

Open file: ‘cooling simulation’ 

3. Modelling Simulation 

Insight 

Open file: ‘cooling model’ 

4. Video 

measurement 

Simulation 

Insight 

Open file: ‘cooling video’ 

 

EQUIPMENT AND MATERIALS FOR ACTIVITY 1 (DATA-LOGGING) 

 Computer 

 Software – See table above 

 Interface (data-logger) 

 Temperature sensor 

 Stand and clamp 

 Boiling tube containing about 10g stearic acid 

 250 ml beaker containing water 

 Bunsen, tripod and gauze for heating water bath 
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9. ELECTRICITY – CONCEPTS AND CIRCUITS 

 

Overview  

1. Data logging: Four laboratory experiments: 

 To investigate the relationship between voltage and current for a 

carbon resistor. 

 To investigate the behaviour of two resistors connected in series or 

parallel. 

 To investigate the relationship between voltage and current for a 

torch bulb.  

 To investigate the relationship between voltage and current for a 

diode. 

2. Simulation: Visual aids to assist understanding of the concepts of current 

and voltage and the interpretation of the data-logging experiments on 

simple circuits:  

 To illustrate the behaviour of currents flowing in series and parallel 

circuits. 

 To investigate the sharing of voltage in series circuit connections. 

 To illustrate the concept of voltage as a measure of energy change 

in a circuit.  

 To investigate resistors in series and parallel.  

 To investigate power dissipated in a circuit  

3. Modelling:  Models to show the relationship between voltage and current 

for a bulb, to calculate the combined resistance of three resistors in 

parallel and to predict the voltage supplied to a circuit as the load 

resistance is varied.  
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Activity Software 

program 

Files available 

1. Data-logging Datalogging 

Insight 

Set-up file: ‘carbon resistor set-up' 

Open this file to configure the program 

ready for the experiments. 

Data files: ‘carbon resistor data' 

This file contains sample data. 

2. Simulation Simulation 

Insight 

‘circuit – current’ 

‘circuit – voltage’ 

‘circuit – potential’ 

‘circuit – resistance’ 

‘circuit – power’ 

3. Modelling Simulation 

Insight 

‘model – bulb’ 

‘model - resistors’ 

‘model – battery’ 

 

EQUIPMENT AND MATERIALS FOR ACTIVITY 1 (DATA-LOGGING) 

 Computer 

 Software – See table above 

 Interface (data-logger) 

 Current and voltage sensors 

 Two identical carbon resistors (e.g. 10 ohm) 

 Variable resistor (rheostat e.g.20 ohm) 

 Battery (e.g. 4.5V) 

 Connecting leads 

 Bulb (e.g. 3.5 V 0.2A) 

 Thermistor 

 LED (light emitting diode) 
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11. BUNGEE JUMPING  

 

Overview: 

1. Video measurement:  measurements on a video of the bungee jump 

allowing analysis of the bungee jumper motion.  

2. Data logging: laboratory experiments to measure force during stretching 

of the elastic with different masses and force encountered by jumpers on 

different bungee cords.  

3. Modelling: a mathematical model to describe the motion of the bungee 

jumper.  

 

Activity Software 

program 

Files available in Coach 6 Project  

Bungee Jumping  

0. Introductory 

multimedia activity  

Coach 6 0.A little bit of history.cma 

1. Video-

measurement  

Coach 6 1.Bungee Jump.cma (activity file)  

1.Bungee Jump.cmr (result file with 

exemplary data)  

2. Data-logging  Coach 6 2.Safe bungee height.cma (activity file) 

2.Safe bungee height.cmr  (result file with 

exemplary data) 

3. Data-logging  Coach 6 3.Safe bungee cord.cma  (activity file) 

3.Safe bungee cord - elastic 1.cmr (result 

file with exemplary data) 

3.Safe bungee cord - elastic 2.cmr 

4. Modelling  Coach 6 4.Bungee challenge.cma 

4.Bungee challenge - simple model.cmr 

4.Bungee challenge - advanced model.cmr 

 

EQUIPMENT AND MATERIALS FOR ACTIVITY 2 AND ACTIVITY 3 (DATA-LOGGING) 

 Computer 

 Software – See table above 

 Interface (CoachLab II/II+ interface) 

 Force sensor (± 50 N) 

 Stand and clamps 
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FOR ACTIVITY 2 

 Elastic cords of 50 cm length 

 Metre ruler 

 Hanger and Masses (50 or 100 g depends on the elastic cord)  

 Bungee jumper (a toy, or plastic bottle filled with water) 

FOR ACTIVITY 3 

 Elastic cords of different stiffness and the same length 

 Bungee jumper of circa 400 g mass (a wooden block, a small toy doll or a 

plastic bottle filled with water) 
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12. THERMAL ENERGY AND THE HUMAN BODY 

 

Overview  

1. Data logging: Two laboratory experiments: 

 To investigate the energy value of food by measuring the heat 

produced when a potato chip is burnt. 

 To investigate the cooling effect of evaporation. 

2. Simulation: Visual aids to assist an interpretation of the data-logging 

experiment on food and to explore the processes of heat transfer in the 

human body.  

3. Modelling:  A mathematical model to predict the changes of temperature 

in the data-logging experiment with a liquid evaporating.  

4. Video capture:  a video record of an experiment in which the heat 

generated by the human body is measured by placing the subject in an 

enclosed box and recording temperature changes. 

 

Activity Software 

program 

Files available 

1. Data-logging Datalogging 

Insight 

Set-up files: ‘Energy value set up’ and 

‘Evaporation set up’. 

Open these files to configure the program 

ready for the experiments. 

Data files: ‘Energy value data’ and 

‘Evaporation data’ 

These files contain sample sets of data. 

2. Simulation Simulation 

Insight 

‘Energy value expt’ 

‘Body convection’ 

‘Body evaporation’ 

‘Body energy balance’ 

3. Modelling Simulation 

Insight 

‘Evaporation model’ 

4. Video Media player 

Datalogging 

Insight 

‘Body heat expt’ 

‘Human body data’ 
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EQUIPMENT AND MATERIALS FOR ACTIVITY 1 (DATA-LOGGING) 

 Computer 

 Software – See table above 

 Interface (data-logger) 

 Temperature sensor 

 Copper calorimeter 

 Tripod and heat resistant mat 

 Packet of potato crisps 

 Tongs 

 100W bulb in holder 

 Matches, Adhesive tape, Pipette, Filter paper  

 

 

 


