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concepts and their familiarization to the use of Computers in Physics. The one semester long 
course covers the topics: 

● On the structure and compute operation 
● Windows and Internet  
● Word processing  
● Data processing and scientific graphs  
● Data analysis and mathematical modeling (Mathematica)  

Fig. 1: Home page (calendar) of the courseware material for year 2004-2005 

 
 

The course is structured in 4-hour lab sessions, which run in weekly basis. Two ICT-labs, 
16 PC each, are available for students’ work. The course, recently re-structured within “ePhys 
project” makes intensive use of ICT; in the new course-structure, students are gradually 
introduced from data-measurements to data graphing, data-analysis and finally to 
mathematical modeling. Course re-structuring was two-fold, using blended learning approach 
and context-based structure: 

● A course web-site was developed, and courseware material was available to students 
over the internet 

● VideoJavaLab (VJL), a web-based application for video measurements, enabled 
students take their own measurements at each lab. Student exercises were re-
structured based on the actual data measurements collected. 

Courseware material, delivered electronically, consists of two parts  
● VJL-lab, a web-based lab exercise on video measurements (fig.2), along with a short 

text description of the Lab activity 
● Lab Instructions, in pdf file format (fig.3), accessed through “instructions” tag  

Courseware requirements for blended learning applications 
There is an increasing demand for university and college courses to be made available 

online and ‘delivered’ electronically, taking advantage of the time and place flexibility this 
approach offers (Collis & Moonen, 2001; VanSchaik et al, 2003). Appropriate online 
activities are provided enabling students to work as individuals and as members of a team 
(Salmon, 2000; Salmon, 2002). These activities often involve problem-solving, creation of 
essays and/or web-reports, and participation in computer-conferencing events. In order to 
assess students’ progress and to certify the skills and knowledge they have acquired, a range 
of different assessment metrics has to be put into place. 

For a realistic blended learning application and course on-web delivery, designing should 
take into account factors like low speed Internet connections and size of transferable data. 
Courseware material was structured in html pages, and pdf was the format for instructions. 
Since the core of the course is based on Video Measurements, an innovated approach was 
taken to handle and deliver the required videos 
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Fig. 2: Typical screenshot of a lab activity in VJL (Lab-1). Students take measurements for 
the motion of a cart on inclined plane. 

 
 
A typical video has several MB size in avi format; even if converted into mov format, 

size is still too high for any realistic application. In a video-measurement lab, students should 
be able to go back and forth in frames, repeat and correct measurements, and correlate 
measured points with data graph-representations (Beichner, 1990; Gamboa et al, 2001). These 
requirements, call for a new approach in the design of a web-based video measurement lab. 

● The interface should be kept simple and developed in java language, to be accessible 
to students at remote access, through java-aware browser in their home PC. 

● Videos for measurements should be kept as small as possible. The selected 320x240 
pixels video size gives adequate resolution to measurements leaving enough space for 
comments and short instructions in the html page. 

● Video avi (or mov) format was converted into filmstrip (sequence of individual 
frames); VJL applet advances the frames at given frame-rate to simulate motion. 
Changing typical video format into filmstrip has reduced video size to typically 
50KB, realistic for web-delivered courseware material 

● VJL applet should be scriptable, to easily incorporate different videos, according to 
teaching/learning requirements. 

Course applications and results 
The course is fully implemented since 2003. Initial tryouts were applied in previous years 

to identify critical conditions for a successful implementation. VJL and courseware materials 
were installed to an apache-based server where students had free access. During the 4-h long 
lab sessions students used: 

● The VJL web video-measurements to collect data 
● Data graphing and Data analysis software, available as stand alone applications 
● MS Word to structure their report  
Each student was working at his own PC; however, PCs were arranged in clusters of 2 or 

3 to facilitate student-student interactions. In the lab-time, the instructor was at first giving an 
introduction to the subject, mainly pointing out the problem students had to deal with, and the 
strategy to apply. Students were then left to work alone, deal with the problem, take 
measurements, make required graphs and analysis, and pre-structure their report. Students had 
to finish their lab-report and handle it printed on next session. The instructor acted during the 
course as a moderator.  
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Fig.3: Typical screenshot of lab instructions (Lab-1) in adobe-pdf. 

 
 

Course sequence consists of 8 lab sessions, Introductory Lab and final Lab-exams 
included. Courseware material is summarized bellow: 

● Introductory Lab: Introduction to the Lab and Lab-facilities. Students work in simple 
problems (free body diagrams) and are also introduced to measurements in VJL. 

● Lab 1: Familiarization with MS-word and report writing. Students study the motion 
of a cart on inclined plane. In their report they include measurements (table), and a 
screenshot of their VJL experiment. 

● Lab 2: Introduction to data graphing. Students study the motion of a real car in the 
street, introduce their data to data-graph software and get X(time) graph. In their 
report they include measurements (table), a screenshot of their VJL experiment and 
the X(t) graph. 

● Lab 3: Introduction to data analysis. Students study a projectile motion and make the 
X(time) and Y(time) graphs of the motion. They introduce their data to data-analysis 
software (dPlot) to evaluate the equations of motion. In their report they include 
measurements (table), a screenshot of their VJL experiment, the X(t) Y(t) graphs and 
data analysis to extract the equations of motion in the two directions. 

● Lab 4: Introduction to data simulation. Students study the oscillatory motion of ball 
attached to a spring, and make the Y(time) graph. They introduce their data to 
Mathematica, and simulate the motion numerically. In their report they include 
measurements (table), a screenshot of their VJL experiment, the Y(t) graph data and 
numerical simulation  

● Lab 5: Introduction to data modeling. Students study the motion of a ball in free-fall, 
and make the Y(time) graph. They introduce their data to Mathematica, and model 
the motion in first principles. In their report they include measurements (table), a 
screenshot of their VJL experiment, the Y(t) graph data and numerical model of the 
motion. 

● Lab 6: Introduction to advanced modeling. Students study the motion of a pendulum, 
and process data to make the Theta(time) graph. They introduce their data to 
Mathematica, and model the motion in first principles. In their report they include 
measurements (table), a screenshot of their VJL experiment, the Theta(t) graph data 
and numerical model of the motion. 

● In lab-exams, students were asked to study the motion of falling body in air. Exams 
had two parts At the 1st part, students were asked to take measurements, graph and 
analyze their data. At the 2nd part, students were asked to model the motion of a 
parachutist and calculate the limiting velocity. Students were also asked to make a 
small 2-page report in MS-word. 
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Fig. 4: Extract of the final exams, the motion of a parachutist (Screenshot of in adobe-pdf). 

 
 
The main findings from the first applications are outlined below: 

● Student-student interactions during the course were found very crucial, as students 
could help, guide or learn from his/her peers. Gender differences and PC pre-
familiarization were strongly minimized after first lab sessions.  

● Each student had a domain account and could use any of the PC-terminals in the 
Labs. Soon after the first labs students preferred to group up, and work together 

● Students’ groupware work was also extended to cases outside the lab, when they had 
to work-on and finish their lab-report. 

● Mail-exchange and in-person meetings were ways students adopted for out-of-class 
collaboration. 

● Web-available courseware material enabled students examine the activities for next 
lab well in advance. This approach much helped students to achieve better scores, and 
motivated them a lot. 

Concluding Remarks 
Students –at least in Greece– when entering University have a very limited, if any at all, 

experience in lab, lab-work, lab-measurements, and lab-report writing. Situation appears 
similar in many other countries and, in several projects (eg. LabWrite 2003), students need 
guidance and support in their steps to effective and efficient lab-report writing, data 
evaluation, and drawing of sound conclusions from the performed analysis. Based on the 
evaluation of lab-reports, we noticed a positive effect of the various steps of modeling, 
successively enhanced from Lab-report 1 to Lab-report 6. The experience of “report writing” 
should also not be neglected; a “maturing” on writing and clearness in argumentation is 
noticeable, often found in students on later years of their studies.  

As computer technology has become an all-pervasive force virtually affecting all 
aspects of human endeavor - particularly people’s ability to observe, think and express the 
outcomes of their thought processes, we need to continuously review our teaching and 
learning approaches (Barker , 1998).  Two significant trends are currently taking place: the 
more extensive use of electronic course delivery for providing educational opportunities and 
the growing use of computer-based products as communication mechanisms.  Undoubtedly, 
such products can significantly influence the speed of communication and the richness of 
what can be said. Laboratory activities integrated with Measurements, Data Analysis and 
Modeling in an Introductory Physics course, may prove as a valuable pathway for helping 
students’ scientific literacy, communicating facts and ideas, and, most important, stimulating 
them for the rest of their studies.    

List of references 
Barker, P.G. (1998). The Role of Digital Libraries in Future Educational Systems, in 

Proceedings of Online Information 98, 22nd International Online Information Meeting, 
edited by D. Raitt and B. McKenna, Learned Information Ltd, Oxford, UK, 301-310. 



 513

Beichner, R. (1990). The effect of simultaneous motion presentation and graph generation in a 
kinematics lab, Journal of Research in Science Teaching 27, 803-815,. 

Collis, B. & Moonen, J. (2001). Flexible Learning in a Digital World - Experiences and 
Expectations, Kogan Page, London, UK.   

Courseware site http://zeus.physics.auth.gr/ 
ePhys: Towards an effective use of ICT for Open Learning in the Teaching of Physics in 

Europe, project supported by European Community in the framework of SOCRATES 
action (99817-CP-2202-1-GR-MINERVA-M) 

Gamboa, F., Pérez, J. L., Lara, F., Caviedes, F., & Miranta, A. (2001). A student cantered 
methodology for the development of a physics video based laboratory, Interacting with 
Computers 13, 527-548. 

Harrison, A.G.& Treagust, D.F. (2000). A typology of school science models, INT. J. SCI. 
EDUC., VOL. 22, NO. 9, 1011- 1026. 

Hestenes, D. (1987). Toward a modeling theory of physics instruction, Am. J. Phys. 55 (5), pp 
440-454.  

Hestenes, D. (1992). Modeling games in the Newtonian World, Am J Phys 60, 732-748. 
LabWrite project site http://labwrite.ncsu.edu/ 
Mäntylä, T. & Koponen, I.T. (2003). Understanding the character of physical laws through 

the intertwined epistemic roles of experiments and models: An example from physics 
teacher education, ESERA. 

Rogers, L.T. (2003). Integrating modeling with datalogging - a new approach, Logotron 
educational software (www.logo.com). 

Salmon, G. (2000). E-Moderating - the Key to Teaching and Learning Online, Kogan Page, 
London, UK. 

Salmon, G. (2002).  E-tivities the Key to Online Learning, Kogan Page, London, UK. 
Schecker, H. (1993). Learning physics by making models, Physics Education, 28, (2), 102-

106. 
Schecker, H. (1994). SYSTEM DYNAMICS IN HIGH SCHOOL PHYSICS, Published in: 

Proceedings — Education — of the 1994 International System Dynamics Conference, 
Stirling, Scotland, 74-84. System Dynamics Society. 

Schecker H. (1996). MODELING PHYSICS SYSTEM DYNAMICS IN PHYSICS 
EDUCATION, Published in the “Creative Learning Exchange” Newsletter. 

Schecker, H. (1998). Integration of Experimenting and Modeling  by Advanced Educational 
Technology: Examples from Nuclear Physics. In: Tobin, K. & Fraser, B.J. (eds.): The 
International Handbook of Science Education. Dordrecht: Kluwer, Part I, 383-398. 

Stratford S.J. (1996). A REVIEW OF COMPUTER-BASED MODEL RESEARCH IN 
PRECOLLEGE SCIENCE CLASSROOMS. 

Van Schaik, P., Barker, P.G. & Beckstrand, S. (2003). A Comparison of On-Campus and 
Online Course Delivery Methods in Southern Nevada, Innovations in Education and 
Teaching International, 40(1), 5-15. 


