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The PCB 301 lab environment



RATIONALE OF THE STUDY  - 1

• Experiments are considered among the 

most important educational tools in the 

classroom

• They link theory and practice 

• They promote learners’ experimental 

skills

• They help learners cooperate 

• They promote learners’ cognitive level



RATIONALE OF THE STUDY  - 2

• Experiments done with sensors and 

computers can improve the educational 

benefits of a school experiment

• They also reduce the time spent on 

practical details 

• They increase the time interaction among 

students and between students and 

teacher



RATIONALE OF THE STUDY  - 3

Research shows that both real and visual 

labs have each advantages and 

disadvantages but they both assist the 

teaching and learning process 
(Steinberg, 2003 ∙ Keller, 2005 ∙ Srinivasan, 2006 ∙ Ronen & Eliahu, 1999 ∙ 

Tarekegn, 2009 ∙  Koretsky et al., 2011)



RATIONALE OF THE STUDY  - 4

Research also shows that a 
combination of virtual and real 

lab is ideal in the study of science

THUS: 

We wanted to examine their effect 
on the optics phenomena (light 

propagation, reflection, refraction). 



RATIONALE OF THE STUDY  - 5

To accomplish this, we used as a teaching 

tool the PCB 301 lab environment, given 

that it can offer learners the choice of 

using both real and virtual lab at the 

same time and the same place
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info@polytech.com.gr

www.polytech.com.gr

mailto:info@polytech.com.gr


Interactive whiteboard

Mobile Physics Lab

“A modern laboratory”

Learners’ experimental 

tools and setups for 

Physics (real and 

virtual)

Teachers’ experimental 

tools and setups for 

Physics (real and virtual



THE STUDY PROCESS



PURPOSE OF THE RESEARCH

• The extent to which the specific lab tool, 

combined with adequate theoretical 

explanation, improves tertiary level 

students’ conceptual understanding of 

basic concepts of light propagation and 

phenomena of reflection and refraction 



WHY LIGHT AND OPTICS ?

 The vast majority of learners have wrong interpretations among 

which that light “travels” to the observer and the illuminated object 

(Stead & Osborne, 1980 – Anderson & Smith, 1983)

ADDITIONALLY

 They fail to refer to the relationship between those two or their 

possible interaction

 They find it difficult to understand the mechanism of vision 

 Concepts like “radius” and “light” for them are “entities” that differ 

between them  and more………



RESEARCH QUESTION

Can the use of the Mobile Science 

Laboratory PCB 301 (MSL) meet 

the educational needs of tertiary 

level students?



PARTICIPANTS

77 learners of tertiary level education 

They were randomly selected from a total 

of 400 first year students of the 

Department of Electrical and Computer 

Engineering, Polytechnic School, 

University of  Thessaly, studying Physics 

as part of their curriculum



RESEARCH TOOLS

 The study used both a) quantitative  and qualitative 

methods

 A) A closed type questionnaire graded on a Likert scale was 

used

 B) Semi-structured interviews were conducted with 

learners with respect to: its ease of use, its ability to arouse 
learners’ interest, to enhance productive thinking, to adapt 
learners’ cognitive level, the friendliness of the 
environment, its presentation and its originality



VALIDITY AND RELIABILITY OF 

QUESTIONNAIRE

• It was initially given to a group of teachers to 

identify whether it corresponds to what it 

examined (content validity)

• It was examined with a) the help of a group of 

learners b) using interviews with students of the 

pilot study c) utilizing the participants’ pre-

testing assessment (construct validity)



VALIDITY AND RELIABILITY OF QUESTIONNAIRE

• The internal consistency was tested by computing 

Cronbach’s coefficient a (in the pre-test it was 0.825 for the 

entire questionnaire)

• By leaving out successively each one of the 39 questions 

we found different values of Cronbach’s coefficient, 

ranging between 0.807 to 0.828, always for the pre-test



QUESTIONNAIRE CATEGORIES AND OBJECTIVES

Categories of the teaching 

subject

Number of 

questions
Teaching objectives

O1. Identification and 

explanation of the refractive 

index

7,8,9,10,12,13,20,29
To be able to identify and 

explain the refractive index of 

a material.

O2. Explanation of the 

phenomenon of light reflection

1,2,3,4,5,6,17,22,24,

27,28

To understand the 

phenomenon of light 

reflection

O3. Explanation of the 

phenomenon of refraction of a 

light beam 11,14,15,16,18,19,2

1,23,25,26

To understand the 

phenomenon of refraction of a 

light beam

O4. Lenses
30,31,32,33,34,35,3

6,37,38,39

To understand the role of the 

lenses, their basic 

characteristics, and their 

usefulness



RESEARCH STAGES

 Stage 1: Search and documentation of previous educational 

research on the subject, and the teaching approaches

 Stage 2: Development and verification of the questionnaire, 

and testing of its reliability and validity through  piloting 

implementation with a group of  teachers and students.

 Stage 3: Questionnaire application - test application (Pre-Test) 

for the detection and recording of students’ original -

alternative ideas 



 Stage 4: Teaching intervention in the laboratory. 



RESEARCH STAGES

• Stage 5: Application of the same questionnaire -

test (Post-Test), which was used in the initial 

stage (i.e. the Pre-Test), 2 weeks after the end of 

the activities (aiming to detect and record the 

differentiation of the students’ alternative ideas regarding 
the scientific model).

• Stage 6: Statistical analysis of the data in order to 

detect any differences.

• Stage 7: Formulation of conclusions regarding the 

effectiveness of the teaching tool.



GRAPHICAL PRESENTATION OF RESULTS – OBJECTIVE 

1. IDENTIFICATION OF THE REFRACTIVE INDEX
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GRAPHICAL PRESENTATION OF RESULTS – OBJECTIVE 

2. EXPLANATION OF THE PHENOMENON OF LIGHT 

REFLECTION
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GRAPHICAL PRESENTATION OF RESULTS – OBJECTIVE

3.EXPLANATION OF THE PHENOMENON OF REFRACTION OF A 

LIGHT BEAM
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GRAPHICAL PRESENTATION OF RESULTS – OBJECTIVE 1. 

4. EXPLANATION OF THE FUNCTION AND PROPERTIES OF THE 

LENS
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GRAPHICAL PRESENTATION OF RESULTS

OVERALL EXPLANATION OF ALL FOUR SUBJECTS
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TOTAL RESULTS

Categories of 

teaching 

subject

PRE - TEST POST -TEST % 

Difference 

POSTS –

PRE TESTPerformance

%

Error

%

Perfor

mance  

%

Error

%

Ο1:Refractive 

index 66.0 4.2 82.4 3.8 16.4

O2: 

Reflection
46.0 4.0 64.5 3.9

18.5

O3: 

Refraction
57.5 4.1 74.4 3.9

16.9

O4: Lens 6.3 3.3 45.0 4.1 38.8

Table 2: Performance per teaching subject



DISCUSSION - CONCLUSIONS

• We found that the use of the MSL – PCB 301 

mobile science laboratory setup for physics 

improved significantly the students’ conceptual 

understanding related to Optics

• However, their understanding in the topic of lenses 

has risen more profoundly in comparison to other 

topics (this is due to their very poor performance in 
the pre-test as this topic is not included in the 
secondary school curriculum)



DISCUSSION - CONCLUSIONS

• The use of the lab has helped the learners improve 

their performance 

• Switching from real to virtual lab in min. time 

maintained learners’ interest and creative 

reflection on the subject

• It helped them develop their skills  and abilities

• It promoted their active involvement in the 

learning process



DISCUSSION - CONCLUSIONS

Interviews data showed that learners found:

• The lab easy to use

• Friendly environment

• Motivating environment 

• Easy to understand presentation

• It enhanced their interest



DISCUSSION - CONCLUSIONS

ALL IN ALL

• Students were greatly helped with this 

approach

AND

• Found the use of the mobile lab 

motivating and positive





THE PCB 301 LAB ENVIRONMENT

Comprises instruments and 

software for more than 300 

experiments for both 

Secondary and Tertiary level 

learners



THE PCB 301 LAB ENVIRONMENT

It is used for Physics, 

Chemistry and Biology

It is divided in sections 

and subsections

Each subsection includes 

teacher presentations, 

multimedia, videos and 

simulations 



PRESENTATION

OF THEORY

Purpose of the lesson

Introduction

Questions



EXPERIMENTS

Introduction to the lesson

Students’ experiments

Graphical presentations



SOFTWARE INTERACTIVE APPLICATIONS

Data logger simulations



SOFTWARE INTERACTIVE APPLICATIONS

Physics simulations



SOFTWARE INTERACTIVE APPLICATIONS

Chemistry simulations



SOFTWARE INTERACTIVE APPLICATIONS

Biology simulations



THE PCB 301 LAB ENVIRONMENT

It allows learners to 

work on both 

virtual and real 

environment

It facilitates the use 

of different types of 

sensors and Data 

Loggers utilizing 

ICT



THE PCB 301 LAB ENVIRONMENT

It processes and presents 

experimental data in 

real time



THE PCB 301 LAB ENVIRONMENT 

• Covers a wide range of topics

• Offers data acquisition 

applications

• Includes multimedia 

presentations

• Offers student quizzes and tests

• Gives  instructions step by step

• Offers  flexibility (topics -

experiments)
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