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EXPLORING MATHEMATICS AND PHYSICS CONCEPTS 
Using TI graphing calculators in conjunction with Vernier sensors 
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1  INTRODUCTION 
The current study, examining issues related to the effective teaching and learning 
of Physics and Mathematics with real-world data using modern electronic 
equipment, is part of the author’s framework of research. Its goal is to form a 
theoretical didactic basis of learning and teaching theories for new media. 
Currently, new technological tools are widespread in most classrooms now, but 
just the presence of technology by itself cannot bring about educational change. 
With regard to pedagogy, teachers who want to use technology effectively, face 
new challenges. The use of graphical calculators does not require brand-new 
didactics, but teachers have to be aware that learning with graphical calculator 
tasks follows its own rules and works differently compared to the classical 
methods of teaching. This highlights challenges and limits when organizing the 
learning process with data collecting and analyzing activities. The development of 
students’ skills depends both on pedagogical interventions and on the creation of 
appropriate learning objects. The technology including mathematical objects and 
allowable transformations only can serve as a “raw material”.  Understanding of 
teaching and learning processes and assessment of the potential of new media are 
the theoretical foundation of the author’s practical work in answering the question 
“How does the practice of teaching change by the use of new media and 
technology?”  The success of teaching with new media and technology has to be 
evaluated as well as the concepts forming the basis of these new methods. 
Currently available media and technological tools have to be transformed with 
didactic know-how into effective teaching media and teaching tools. The author is 
aware that the use of technology in a didactically designed learning environment 
changes substantially the learning and working behaviour of students in the class 
room and outside. Teachers have to learn when and how to use new media and 
technology and what impact they may have on the students’ education. The 
student should be offered a learning environment where he can move between 
different levels and within different structures, where he is stimulated to ask his 
own questions and where he finds also help to answer those questions. The 
student should not be overwhelmed with a predefined succession of facts, but he 
should be helped to discover knowledge and to generate his own knowledge in his 
head [5]. 
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2  RESEARCH QUESTIONS AND THEIR METHODICAL BASIS 
The educational potential of connecting Mathematics and Physics is reviewed 
based on current learning theories and existing research. Based on this review, 
hypothesis, research goals and methods have been defined and implemented in 
courses (Austrian state school system, 9th to 12th grade). The results of this original 
research have been evaluated with methods and tools of Action Research. 
 The author became particularly interested in the effects of analyzing real 
world data on the students’ abilities to apply mathematical knowledge in order to 
comprehend and use the information provided and further on to learn asking their 
own questions and exploring them. Do the students ask unexpected questions? 
How much “guided discovery” is necessary and how does it depend on students’ 
knowledge and attitude? 
 Student’s activities during courses have been observed, documented and 
students were encouraged to describe their activities in interviews and essays. 
Several methods have been combined to gain insight into activities and into the 
individual student’s perspective: 

• Interactive observation, documented in a research diary 
• Technical documentation 
• Questionnaires, essays and exercise sheets 

The focus of research was on the following: 
• Students’ behaviour in the learning environment 
• Do the offered tasks support reactive, active or pro-active learning? 
• The impact of the teacher’s behaviour on the learning efficiency of the 

student 
The following three practical examples were used in the classroom and 
demonstrate the methodical-didactical potential of the combination of simple data 
acquisition and advanced data processing with the help of the Graphing Calculator 
(GC). Concepts of physics can be tested by visualization and interpretation of data 
and mathematical models can be developed to describe physical experiments. 
EASYTEMP, EASYLINK and the CBR 2 in combination with the GC offer a 
learning environment for experimenting, modelling, analyzing and visualizing real 
world data. 
 It is assumed that students will have a stronger relationship with data 
measured by themselves instead of reading them in a textbook. Compared to the 
traditional instruments used in the classroom, e.g. thermometer or stop watches, 
more data can be more precisely acquired and the shape of the corresponding 
curves is obtained easier and faster. Thus, students need less time for data 
acquisition and have more time at their disposal for analysis, investigation and 
interpretation of data. 
 Students can investigate reproducibility and variability in the so-called what-
would-be-if scenarios, which is an additional benefit. Students can analyze the data 
both algebraically and graphically and associate these relationships with 
mathematical functions. Thus they can use the data to model representative 
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functions and discover the physical meaning of different coefficients and 
parameters. 

3  TASKS AND PRACTICAL EXPERIENCES IN THE CLASSROOM 
In the experimental part of the study, teaching situations within use of graphing 
calculators in conjunction with sensors embedded in a learning environment in 
mathematics and physics courses have been evaluated. The students involved in 
the study were Austrian Secondary School students (15-18 years old). Most of the 
tasks used in the study were real world open problems, which differ from 
traditional tasks of the form “prove that”. The students are asked to explore the 
situations, make conjectures and finally prove them. 

3.1  Activity 1: The bouncing ball 
The height of a bouncing ball (as Fig. 1) is continuously measured with a distance 
measuring device (CBR 2) connected to calculator (TI-84 Plus) and the data 
collected are analysed. The measured movement of the ball is described as a 
function of time and the gravity law is derived. With energy calculations, insights 
can be gained where energy is lost during bouncing. 
 

 
Figure 1  Bouncing ball. 

In the classroom the following questions can be asked: 
• What is the highest speed of the ball and when does it occur? 
• What is the acceleration during falling? 
• Which function describes the distance (height) of the ball? 
• Is there a model to describe the height of the ball for a particular bounce? 
• How can the total distance of the ball be determined? 
• What processes determine the “bouncing back” of the ball from the floor? 
• How does the velocity change as the ball rises and falls? 
• What affects the shape of the graph of both the height and the velocity? 

The curves obtained for the time-distance graphs of the individual bounces can be 
first adjusted manually – by determining the parameters b and c and by varying 
parameter a. After selecting an individual bounce the function describing the ball’s 
movement can be obtained with the help of regression analysis. With the help of 
the application Transformation Graphing the curve fitting process can be done too. 

3.2  Activity 2: Air under pressure – Boyle’s Law 
With the EASYLINK – Connector sensors can be hooked up directly to the 
graphing calculator. For example with the gas pressure sensor (as Fig. 2) students 
can investigate the relationship between volume and pressure for air contained 
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within a closed syringe. A volume of 20 cc is connected to the sensor. There is no 
extra pressure put on the air yet. 
 

 
Figure 2  Gas Pressure Sensor. 

Students shall investigate what kind of relationship exists between volume and 
pressure without any prior knowledge about scientific theory. 

3.3  Activity 3: Newton’s Law of cooling 
Isaac Newton modelled the cooling process by assuming that the rate at which 
thermal energy moved from one body to another is proportional (by a constant k) 
to the difference in temperature between the two bodies, Tdiff. From this simple 
assumption he showed that the temperature change is exponential in time and can 
be predicted by 
  , tkTT ⋅−⋅= e0diff

where T0 is the initial temperature difference. 
 For this experiment students use a small quantity of hot water at a 
temperature about 40°C above room temperature. EASYTEMP has a USB-port, so 
that they can connect the sensor directly with the USB-port of the GC (as Fig. 3). 
When EASYDATA is installed on the calculator, the program starts automatically 
und students can do data acquisition and analyze and process the data with their 
GC. 
 

Figure 3  Easytemp. 

In the classroom the following questions can be asked: 
• The curve obtained describes the decrease of temperature in time. Analyse 

the curve and describe in your own words how the temperature decreases. 
Which of the curves in figures 1 to 3 fits best your results? 
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• The data collected during the experiment are in lists L1 and L2. L1 lists the 
time in seconds and L2 the corresponding water temperatures. Show the 
data points in a scatter diagram! 

• Can you find a regression function fitting your temperature curve? 
• Give the regression functions of your GC a try and show them together 

with the recorded data on your calculator. 
• The ambient temperature TR was 20.7°C. What could be wrong with the 

regression function you selected? What kind of “growth” do we have here? 
What are the properties the “right” regression function should have? 

R

The cooling down of a solution to the temperature T is described by Newton’s law 
of cooling: T = TR + TR 0  e  or T = T. -k· t RR   + T0 . at (time t in minutes), where:
T - temperature at time t, 
TR - ambient temperature (room temperature), R

T0 - difference in temperature between fluid and ambient temperature at time t = 0, 
a - a constant, depending on the fluid’s properties. 
 Try to fit the temperature function above to the actually measured curve by 
adjusting the parameters k and a. What is the relationship between a and k? 
Make a list L3 with the temperature differences of measured temperature to 
ambient temperature. Now you can do exponential regression analysis. Use the 
function obtained and determine the values for T0 and a! Then use the ambient 
temperature TR to find an exponential function describing the decreasing 
temperature curve. 

R

 Given the mathematical approximation for the measured temperature curve, 
how much time would it take for the water to cool down to ambient temperature? 
 Has the starting temperature of the hot water any impact on the value 
obtained for a? Repeat the temperature with different starting temperatures to 
answer this question. 
 What could you do to your experimental apparatus to decrease the value of k 
in another run? What quantity does k measure? 
 If your starting temperature difference is cut in half, does it take half as long 
to get 1°C above room temperature? Why or why not does it take half as long? 

4  EVALUATION, ASSESSMENT AND DISCUSSION 
Probes that plug into graphing calculators or computers permit students to collect 
and analyze data as scientists do. Students can quickly and efficiently gather data 
from the probes and then display it graphically and do further manipulation. Time 
is saved when students no longer have to perform repetitive observations in which 
they learn no new skills. The use of this type of technology allows students to have 
more time to perform repeated data collection trials and for conceptual analysis of 
the experimental data. Students appeared to be more motivated by the “mini 
laboratory” through which they could collect their own data, analyze this data, and 
give personalized meaning to their mathematics calculations and exercises, and 
demonstrated more discussion in their groups compared to experiments with 
traditional equipment.  
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 The activities illustrate how technology can be utilized within learning 
environments to connect mathematical content with everyday activities in a 
learner’s life.  
 Summarizing the class experiments, simple experiments and questions 
stimulated to a rich discourse and activity in the classroom and further 
exploration. Students have a stronger relationship with data they have collected by 
themselves.  
 How do students construct mathematical ideas in technological environment 
tools (like GC and different sensors)? The students were at first challenged by the 
exercises, and the investigations also generated surprise moments that motivated 
students to focus their thinking. 
 When exploring the problems, students described patterns, developed rules 
and even algebraic expressions, and explained their conclusions. Thus, the lesson 
involved multiple stages of investigation: prediction, testing, rejection or extension 
of hypotheses, discovering and exploring the underlying mathematics, and making 
generalizations and proving results. 
 The students were actively engaged during these moments, negotiating and 
communicating ideas with the teacher and with other students. They learned with 
and from each other and the results show that using technology and digital media 
in mathematics and physics teaching especially supports the active, self-controlled 
and self-motivated student, who is ready to acquire from others and with others 
knowledge, skills and attitudes, to reflect on his individual learning process and 
who is willing to accept new questions and challenges he wants to and will 
explore. Learning environments, thoughtfully selected and controlled by the 
teacher, offer the students these options. 
 The study therefore confirms the point of view, that successful learning is an 
individual and active process, based on intrinsic motivation, interest and active 
interaction with the learning environment. The proactive learner searches for his 
own way, looks out for questions and challenges and should be able to find 
appropriate answers in a well-built learning environment. The challenge for the 
teacher is to embed technology tools in the general syllabus and into the class 
room. Implementing these tools in the class room leads to a substantial change in 
the learning process. Passive reception of lectured information gives way to an 
active, individual construction of knowledge. Critical for these new learning 
processes are learning situations which offer guidance as well as room for 
individual exploration. 
 In the pedagogical-didactical assessment of the use of new technology, 
emphasis has been laid on the functions of technology in the learning process. It 
has become clear that a differentiated view of different interactivity levels is critical 
for an assessment of possibilities and limits of teaching/learning with technology. 
Technology applications are used with the goal to promote comprehensive 
learning by stimulating self-controlled, responsible learning. Acceptance of self-
controlled, self-reliant usage of technology in order to transform information into 
knowledge is one of the main requirements for life-long learning. The use of 
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technology does not require brand-new didactics, but teachers have to be aware 
that learning with technology follows its own rules and works different compared 
to the classical methods of teaching. This highlights challenges and limits when 
organizing the learning process with technology. 
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