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Abstract  
Science was the main domain of PISA (Programme for International Student Assessment) study in 
2006 and in 2015. Polish students took part in both of these studies. Our main aim is to present 
comparative results of PISA research in 2006 and in 2015 and focus on specific changes in students’ 
results in three sub-domains of science skills: explain phenomena scientifically, evaluate and design 
scientific enquiry and interpret data and evidence scientifically. In 2006 Polish students’ performance 
prevailed in one of the sub-domains – explain phenomena scientifically, which depend most on the 
factual knowledge, while in 2015 the results were at the same level in each of the three sub-domains. 
In the paper, we will try to provide the explanation for this change taking in to consideration results 
from another important study called Laboratory of Thinking strictly bounded with assessment of 
students reasoning skills in science subjects. 
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1 INTRODUCTION 
We try to learn young people skills that will be necessary in their future lives. It is hard however to 
anticipate how our world will change in next thirty or forty years. Which competencies and skills will be 
crucial in the world of information overload? What will be the importance of acquiring new knowledge 
and learning it by rote? Of what importance are abilities of argumentation or willing to engage in 
reasoned discourse? It seems that to bring up a conscious and wise citizen the usage of science 
method at school is a must. That is why student performance in science is foundational to a student's 
ongoing education and future adult life. One of many 21st century skills concept was introduced in 
2010: The Common Core Standards [1]. These standards were prepared to show the importance of 
"application of knowledge through higher-order thinking skills". Skills listed as the most important to 
succeed in the literacy and numeracy are: cogent reasoning, evidence collection, critical-thinking, 
problem-solving and analytical communication. 

Big international survey PISA (Programme for International Student Assessment) focuses on the 
assessment of student performance in reading, mathematics and science as well as collects 
information on student attitudes and motivations. Based on PISA survey other big national Polish 
study – LM – Laboratory of Thinking (Laboratorium myślenia) was conducted. The goal LM was to 
diagnose the skills of lower secondary school leavers in science subjects: biology, chemistry, physics 
and geography, in the context of core curriculum change in Poland.  

Presented paper concerns only the subject of science literacy. PISA defines science literacy as “the 
ability to engage with science-related issues, and with the ideas of science, as a reflective citizen” [2]. 
What should be pointed out – PISA survey assess not only what students know in science, but 
primarily - what they can do with this knowledge, and how they can apply scientific knowledge to solve 
certain problems, especially in situations from their everyday life. PISA divides science skills into three 
subdomains presented in fig. 1. 
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Figure 1. Three sub-domains of science skills measured in PISA survey: explain 
phenomena scientifically (recognise, offer and evaluate explanations for a range of natural 
and technological phenomena), evaluate and design scientific enquiry (describe and 
appraise scientific investigations and propose ways of addressing questions scientifically) 
and interpret data and evidence scientifically (analyse and evaluate data, claims and 
arguments in a variety of representations and draw appropriate scientific conclusions). 

In the national Polish study – Laboratory of Thinking – the basic goal was to diagnose the skills of 
lower secondary school leavers separately in four science subjects. Three different interdisciplinary 
skills were however assessed (figure 2). 

 
Figure 2. Three interdisciplinary skills assessed in LM study. 

Main aim of presented paper is to present comparative results of PISA research in 2006 and in 2015 
and focus on specific changes in students’ results in sub-domains of science skills presented on figure 
1. The research question is: What were the main reasons in Polish students’ performance changes in 
PISA study between 2006 and 2015?. 
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2 METHODOLOGY 
The LM study was performed in the period 2011–2014 and covered the last year of lower secondary 
school students. A strong emphasis was placed on the measurement of the key scientific thinking 
skills, such as selection of hypotheses, planning an experiment, searching for and critical examination 
of information and scientific reasoning. Besides solving scientific problems, students answered 
contextual questionnaire questions.  

Comparison of PISA survey and LM study is presented in table 1. 

Table 1.  Comparison of PISA and Laboratory of Thinking with reference to studies methodology. 

 PISA 2015 Poland LM 2014 
sample 4500 students 7620 students 

school sampling National representative sample of 160 
schools 

National representative sample of 180 
schools 

students age 15-year-old students. Basically grade 9 1st class of upper secondary school 
students 

how often every three years every year 

school level gymnasium – lower secondary upper secondary schools 

domains reading, mathematics and science and 
financial literacy science 

item type 
Multiple choice questions; constructed 
close-ended questions, open-ended 

questions 

Multiple choice questions, constructed 
close-ended questions 

Subjects in science Biology prevails in science 52 items for each subject: biology, 
chemistry, physics, geography 

assessment time two-hour test two-hour test 

contextual 
questionnaire yes yes 

3 RESULTS 
When comparing between 2006 and 2015 competences of Polish students in science literacy 
measured in PISA study the rising trend may be observed (figure 3) [3].  

 
Figure 3. Relationship between average three-year trend in science performance  

and average PISA 2006 science scores 
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As it was mentioned in previous section, there are three sub-domains of science skills measured in 
PISA survey: (1) explain phenomena scientifically, (2) evaluate and design scientific enquiry and (3) 
interpret data and evidence scientifically. Polish students’ results in each of those sub-domains are 
given in Table 2. 

Table 2.  Comparison of performance of students from Poland and OECD (Organisation for Economic Co-
operation and Development) mean according to three sub-domains of science literacy of PISA survey in 

2006 and 2015. (-) – there was no mean data for OECD. 

 OECD Poland 

 2006 2015 2006 2015 

Sub-domains of science literacy 

Explain phenomena scientifically 500 493 506 501 

Evaluate and design scientific enquiry 499 493 483 502 

Interpret data and evidence scientifically 499 493 494 501 

Knowledge – content areas 
physical systems (-) 493 497 503 

living systems (-) 492 501 501 

and earth and space systems (-) 494 509 501 

It should be pointed out that in 2015 Polish students’ scores were at the same level in each of the 
three sub-domains whereas in contrast in 2006 – the domain: explain phenomena scientifically 
prevailed. This subdomain is mainly related to factual knowledge. Polish students’ performance in 
three of the content areas are also at the same level. 

Polish students results in four science subjects across years: 2011 – 2014 are given in the figure 4 

 
Figure 4. Comparison of performance of students mean according to biology, chemistry,  

physics and geography of Laboratory of Thinking study from 2011 to 2014. 

In Laboratory of Thinking, the average student results increased statistically significant for all subjects 
between years 2011 and 2015.  

4 CONCLUSIONS 
To shape (and assess) science literacy skills three different areas has to be taken into account:  

1 knowledge on phenomena, strictly related to subject-specific content (that is: explain 
phenomena scientifically),  

2 knowledge of research methods (design scientific enquiry), and 
3 the foundations of process of data evaluation (interpret data and evidence scientifically). 
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All three domains are of equal importance in teaching process. As presented in table 2 Polish 
students’ performance was prevailing in area 1, especially related to teaching content – facts, which 
were acquired by students. So they had information in their heads but they were weak at making use 
of this information. In 2015 Polish students’ scores were at the same level of three science literacy 
subdomains.  

It is not a simple task to provide the explanation for this change. There are however some factors 
which could lead to observed changes. (1) First of them and probably the most important one (as 
leading to other changes), is change of Polish science curriculum in 2009. The general education core 
curriculum [4] is written in a language of requirements. It means that it expresses the expected 
educational outcomes – of more importance is what student can do after graduation than what the 
student does at school. In science curriculum elements of science method and inquiry were introduced 
into educational goals and teaching content. For example in biology curriculum hypotheses, controls, 
scientific questions, were pointed out literally (student has to plan, carry out and document simple 
biological experiments, to define the conditions of experiment, to differentiate between the control and 
research samples, and to formulate conclusions [4]). (2) What seems even more important, for the first 
time, a list of experiments in each of science subjects (biology, chemistry, physics and geography) 
appeared. These experiments are obligatory to be performed during classes. (3) Changes in 
curriculum lead to change of examination system. Separate examine obligatory for all students at the 
end of gimnazjum (lower secondary school, ISCED2) in science was introduced. As one can see – in 
the year 2012 (the year when a new type of exam was introduced) students’ scores in Laboratory of 
thinking study raised in each of the subjects (biology, chemistry, physics and geography). Probably 
this increase was driven by external motivations of students by their teacher and parents – all the 
groups (students, parents and teachers) were worried about new type of items used during the test so 
students were pushed to study more and more practice work was performed at schools. Analyzes of 
external examination tests in science since 2002 to 20161 showed that the rate of items related to 
experiments raised from c.a. 3% up to c.a. 25%2. (4) More experiments (and elements of IBSE 
method) were introduced to classes in Polish schools due this changes. (5) At the same time, when 
the study of Laboratory of Thinking was performed, the popularisation of the pedagogical 
measurement tools, constructed on the basis of the new core curriculum and used to diagnose 
scientific thinking skills was done. A big online site of the Educational Research Institute with hundreds 
of diagnostic tools was prepared3. Each of the item is accompanied with detailed description of skills 
that may be assessed with it and (if it was used in Laboratory of Thinking) results acquired by Polish 
students taking part in the study. Additionally during the period when LM study was performed Polish 
teachers could take part in many seminars, workshops and conferences dedicated especially to 
science method and diagnostic tools.  

Science inquiry is strongly related to natural properties of human intellect. This fact is being used in 
the constructivist approach to teaching. Inquiry is an active process in which teacher is only a guide 
and knowledge is by student itself. During this process student make use of his or her preconceptions 
and previously internalized ideas [5]. The mostly used model of inquiry learning is the 5E model based 
on the constructivist approach to learning, which states that learners build or construct new ideas on 
top of their old ideas. Each of the 5 E's defines a stage of learning: Engage, Explore, Explain, 
Elaborate, and Evaluate [6]. When active, collaborative learning is directed toward scientific inquiry, 
students succeed in making their own discoveries. They ask questions, observe, analyze, explain, 
draw conclusions, and ask new questions. These inquiry-based experiences include both those that 
involve students in direct experimentation and those in which students develop explanations through 
critical and logical thinking [7]. 

A test item is rarely associated with usage of IBSE (Inquiry Based Science Education) method during 
classes. Authors of presented paper strongly believe however that interesting and properly 
constructed test item may by a strong teachers’ assistant during IBSE science classes. It may simplify 
the process of observation how students construct their knowledge. The evaluate stage is also 
important for students – it helps them to assess their own progression and eliminate possible 
deficiencies. Test items embedded in the context different from the lesson subject, but requiring the 
use of skills acquired during the lesson are essential to teach students generalization, developing 

                                                        
1 Between 2002 to 2011 there was exam in mathematics and science. Since 2012 there are separate exams in mathematics 

and in science. 
2 Internal analyze from Educational Research Institute. 
3 http://bdp.ibe.edu.pl/  
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ideas and using their knowledge to solve of new problems. So they are indispensable to develop the 
next “E” factor: Extend [8]. 

Two different items has been chosen to present how to evaluate mastery of students skills in 
accordance to their knowledge on science method. Both of them are scoped on the use of inquiry 
process only and are not anchored in given subject specific teaching contents. Because of their 
interdisciplinary character they may be used at any lesson. 

Sample ITEM – PISA 2006 

Some people use nicotine patches to help them to give up smoking. The patches are put on skin and 
release nicotine into the blood. This helps to relieve cravings and withdrawal symptoms when people 
have stopped smoking.  

To study the effectiveness of nicotine patches, a group of 100 smokers who want to give up smoking 
is chosen randomly. The group is to be studied for six months. The effectiveness of the nicotine 
patches is to be measured by finding out how many people in the group have not resumed smoking by 
the end of the study. Which one of the following is the best experimental design?  

a) All the people in the group wear the patches.  

b) All wear patches except one person who tries to give up smoking without them.  

c) People choose whether or not they will use patches to help give up smoking.  

d) Half are randomly chosen to use patches and the other half do not use them. 

A good understanding of a matched control group in experimental design is required for a correct 
response to this item [9]. 

Sample ITEM – Laboratory of Thinking 

Every evening at 8 p.m. Anna’s dog starts to roar loudly. Anna says that her dog roar as he is irritated 
by the music played every day from 8 p.m. by Adam living next door to Anna. Adam claims that his 
music doesn’t cause Anna’s dog roar. 

In the table three different experimental setups are given. Decide whether they may be used to 
determine whose claim – Annas’ or Adams’ is valid. 

# Experiment setup May it be used to decide 
who is right? 

1. Adam shouldn’t play the music for one week to see if even though the 
dog would be roaring.  Yes /  No 

2. Adam should play the music for one week starting at 7:30 p.m. to check if 
the dog will be roaring earlier.  Yes /  No 

3. Anna should take another dog for one week to check if it also would be 
roaring in the evenings.  Yes /  No 

4. Anna should take her dog for a week to an allotment to check if the dog 
would be roaring there in the evenings.  Yes /  No 

Main aim of experiment which student should plan is testing of hypothesis: there is a cause-and-effect 
relationship between the music being played by Adam and roaring of Annas’ dog. To give proper 
answers student should: 

• understand that removing the cause should suppres the effect (row 1 in the table); 

• know that the cause has to be eliminated – not only shifted in time (row 2 in the table); 

• notice that the problem set in the item (or rationale) doesn’t concern to dogs as a whole but a 
given one – Annas’ dog; 

• make use of the fundamentals of experimental setup – the control and the sample may differ 
with one factor only. 
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As one can see, the educational studies like PISA, LM, TIMSS and other may serve not only to 
measure students’ mastery of skills, but also as provider of good teaching resources. What is more, 
many of such items refer to contexts unknown to students and therefore different to those used in their 
textbooks or traditionally discussed in the classroom. These examples may be good tools to 
demonstrate knowledge of the relevant skill – not the knowledge simply acquired in the classroom but 
knowledge in action. 
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