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Abstract

Th e paper presents an evaluation of an inquiry-based learning programme 
for primary school pupils in the Czech Republic. Th e programme consisted of 
two parts: in the fi rst part pupils acquired and practised inquiry skills, in the 
second they applied them to three independent inquiry-based learning lessons. 
Both pupils and teachers were highly satisfi ed with the programme. According 
to the pre/post non-equivalent experimental/control group designed evaluation 
research, the pupils who participated in the programme signifi cantly improved 
their understanding of the research cycle representing the basic logic of scientifi c 
work. No such change appeared in the control groups. Th e programme infl uenced 
both boys and girls. Even though no signifi cant gender diff erences for the groups 
of the 4t-5t grades and 6t-7t grades were found, the girls from the 8t-9t grade 
received a better score than the boys in both pre- and post-testing.
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Introduction

Inquiry-based learning (also inquiry-based education or inquiry-based science 
education) is still a relatively new approach in science education (Magnussen, 
Ishida, & Itano, 2000; Chiappetta & Adams, 2004; Papacek, 2010a, 2010b; Stuch-
likova, 2010). Despite being sometimes interchanged with problem-based learn-
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ing, it is more oft en interpreted as a holistic, student-centred approach to science 
education (Magnussen, Ishida, & Itano, 2000; Hmelo-Silver, 2004; Ashby, 2006). 
In inquiry-based learning (IBL) pupils follow a procedure similar to that of real 
scientists, i.e. they formulate their research questions and hypotheses, plan their 
research, collect, analyze, interpret data, and fi nally present what they have found 
(Papacek, 2010a).

IBL might be seen as a complex of various approaches that highlight diff erent 
aspects of pupils’ work. According to Healey (2005), we might diff erentiate between 
student- or teacher- run lessons, content or process orientation, or according to 
the role pupils play in the lesson (audience or participants). Chiapetta and Adams 
(2004) defi ned four basic approaches in IBL. According to them, an IBL lesson 
might focus on content, content with process, process with content, or on process 
only.

Th e eff ectiveness of IBL remains questionable. On the one hand, it is assumed 
that IBL positively infl uences a vast variety of educational goals, such as pupils’ 
attitudes towards science, problem-solving skills, understanding scientifi c con-
cepts, cooperation skills, or motivation to learn (Straits & Wilke, 2002; Papacek, 
2010a, 2010b). On the other hand, such claims do not seem to be well supported 
by research.

According to Hmelo-Silver (2004), even if the positive benefi t of IBL on creating 
new knowledge and developing problem-solving skills might be supported, its 
eff ect on developing cooperative skills or motivation to learn is still questionable. 
Sumerlee and Murray (2010) found a positive eff ect of IBL on the development 
of information-processing skills and the motivation of students to participate in 
university life. Wolf and Laferriere (2009) reported a positive eff ect of IBL on pupils 
of the fi rst and second grades of primary school.

Kirchner, Sweller and Clark (2006) questioned the eff ectiveness of indirect 
instructional approaches at all. According to them, such lessons provide pupils 
with a bigger amount of information at one time than the human brain is able 
to manage. Th ey assumed that indirect approaches might be appropriate only for 
pupils with a high level of initial conceptual knowledge.

Such an opinion is supported by other papers which did not fi nd any eff ect of 
IBL on pupils’ skills or knowledge. Magnussen, Ishida and Itano (2000) found no 
eff ect of IBL on pupils’ critical thinking, and even a negative eff ect in some of the 
groups. Gautreau and Binns (2012) found only small changes in pupils’ attitudes 
towards science aft er participating in IBL and no signifi cant eff ect on ecology 
knowledge. Pupils in their study also expressed a negative feeling towards IBL, 
probably because a new approach challenged their status in the classroom.
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Other researchers investigated factors infl uencing the eff ectiveness of IBL. Kuech 
(2004) assumes that group consistency and size, regular refl ection and repetition 
play an important role. According to Pea (2012), an IBL lesson is infl uenced by the 
whole school environment, including school management and parents.

In the Czech Republic, IBL is still not well known. According to Papacek (2010a), 
the main barrier seems to be the limits in pre-service teacher preparation when 
teachers oft en have a limited competence in research methodology or a construc-
tivist educational approach.

Even though Czech pupils score well in international testing of science knowl-
edge, they fail in its application in the real world (Paleckova, 2007). Th is supports 
the call for developing the inquiry skills of pupils at primary and secondary schools 
(Pastorova, 2011).

IBL is promoted by both universities and environmental education centres in 
the Czech Republic (Papacek, 2010a; Dvorackova & Ryplova, 2012; Cincera, 2011). 
Th e non-profi t organisation Sdruzeni TEREZA (Association TEREZA) is one of 
the leaders in this fi eld.

Th e Sdruzeni TEREZA designs, coordinates and disseminates environmental 
and science education programmes for all types of schools. Th ey coordinate an 
international science education programme called GLOBE in the Czech Republic 
(Cincera & Maskova, 2011). In 2011 – 2013 they managed a new IBL programme 
for primary schools, Badatele.cz (Explorers.cz).

Programme

Th e aim of the programme Badatele.cz was to promote the application of IBL 
into primary schools. To achieve this, the organisation set a team consisting of 
primary school teachers, university scholars, and members of Sdruzeni TEREZA 
who played a coordinating and methodological role in the project.

Th e coordinators prepared guidelines for designing new IBL lessons and coor-
dinated meetings of the team. All the lessons and the guidelines were reviewed by 
university experts.

For the purpose of evaluation, the participating teachers agreed to implement 
the lessons in the same fashion. In all of the participating classes, teachers started 
the programme by teaching and practising research skills. Th ey also explained the 
general procedure of scientifi c research that was called ‘research cycle’ in this project.

In the second part, pupils participated in three diff erent IBL lessons focusing 
on diff erent science concepts. All the lessons were designed to be manageable in 
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ninety minutes in the classroom. At the beginning of the lessons, the teachers 
motivated the pupils to investigate a topic. Aft er this, the teachers usually facilitated 
discussion to help the pupils formulate their research questions and hypotheses. 
In the next part, the pupils planned and conducted their investigation. In the last 
part, the pupils summarized their fi ndings and decided if their hypotheses could 
be accepted. Th e whole programme was conducted in 3 – 4 months.

Th e programme coordinators were interested in the eff ect of the programme on 
developing inquiry skills and on a broader understanding of the research cycle. 
Th ey supposed that aft er being exposed to both parts of the programme, pupils 
would be able to describe all the steps of the research cycle, formulate their own 
hypotheses, or choose the best design for their research.

Methodology

Th e paper focuses on the following evaluation questions:
 • How satisfi ed were teachers and pupils with the programme?
 • Did the programme infl uence pupils’ understanding of the research cycle?
 • Are there any diff erences between girls and boys in the way the programme 

increased their understanding?
A plethora of instruments have been used for analyzing the eff ectiveness of 

IBL, including observation (Ballantyne, Packer, & Everett, 2005), mind mapping 
(Vanhear & Pace, 2008), rubrics (Marcinkowski, 1997) or single or multiple-choice 
tests (Cronje, Rohlinger, Crall, & Newman, 2011).

In the study, a quasi-experimental pre- and post-test design was applied. Experi-
mental groups consisted of classes participating in the project with no previous 
experience of IBL lessons. Control groups consisted of classes not participating 
in the programme from the same schools. Th e teachers were asked not to imple-
ment any IBL lessons in the control classes. Because of the age variety of classes 
involved in the project, they were divided into three age groups; each of them was 
administered by a diff erent, age-suitable version of the test (cf., Table 1).

Table 1. Respondents

Grade Number of 
classes

Number of 
respondents Mean age Standard 

deviation
4th-5th

Experimental 5 122 9.53 1.29
Control 2 45 9.95 0.7
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Grade Number of 
classes

Number of 
respondents Mean age Standard 

deviation
6th-7th

Experimental 7 138 11.8 0.75
Control 3 55 12.07 0.74
8th-9th

Experimental 5 100 14.7 11.01
Control 4 72 13.52 0.55

Pre-tests were administered one month before and post-tests 2 – 3 weeks aft er the 
programme. For evaluation of the eff ect on understanding the research cycle, the 
respondents got a scenario describing the story of a fi ctitious researcher. Th e story 
consisted of seven (4t-5t grades) or nine (6t-7t and 8t-9t grades) randomly 
ordered steps of the research cycle (for an example of an instrument for grades 
4t-5t, cf. Appendix 1). Th e respondents were asked to organize the steps in the 
right order.

For analyzing, the respondents achieved points when their total gain = |Sb – CoS|. 
In this formula, SbR meant ‘step by respondent’ and CoS stood for ‘correct order 
of a step’. For instance, in the test for the 4t-5t grades (cf., Appendix 1), the step 
‘Hugo is wondering if the green frogs jump more than the brown frogs’ represents 
the formulation of a research question. Because step 1 (reading a scientifi c paper) 
was already given to the students as an example, the correct order should be ‘2’. If 
a respondent marked this step as ‘4’, he or she received two points. Step 3 should 
be the item ‘Hugo is writing an assumption (hypothesis) that brown frogs jump 
more than green frogs.’ If a respondent marked this step as ‘2’, he or she received 
one point.

Th e respondents from the 4t-5t grades could achieve 0 – 24 points, the 
respondents from other groups 0 – 40 points. Because the sum of points indicates 
the magnitude of respondents’ misunderstanding of the right order of steps in the 
research cycle, fewer points means a higher level of understanding, and more points 
mean a lower level of understanding.

For analyzing the statistical signifi cance of diff erences, non-parametric tests 
(signed-rank test and Mann-Whitney test) were used (alpha=0.05).

For evaluating the satisfaction of the pupils and their teachers with IBL, a simple 
questionnaire combining close- and open-ended questions administered aft er each 
of the lessons was used. In the teacher survey, 13 respondents evaluated each of the 
programmes they carried out in the classroom. A simple, 4-item scale was used. 
Altogether, 48 completed questionnaires were collected.
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Similarly, the pupils evaluated every lesson they participated in. Th e respondents 
from the group of 4t-5t grades received a short 4-item questionnaire evaluating 
how they enjoyed the lesson, how well they cooperated in class, how much they 
had learnt, and how demanding the lesson had been. Th e respondents from both 
the other groups received the same, 9-item questionnaire. In both cases, a 7-point 
scale was used where the numbers were represented by emoticons. 

For the coding, lower numbers indicate a low level of evaluated indicator (e.g., 
enjoyment or diffi  culty), where 1 stands for the lowest and 7 for the highest level 
in the pupil groups and 1 – 4 in the teacher group.

Of the group of respondents (cf., Table 1), 490 evaluation questionnaires for 
the 4t-5t grade group and 622 for the groups from the 6t-7t grades and 8t-9t 
grades were collected.

Results

Satisfaction with the programme
Most of the teachers reported a high level of satisfaction with the programme (cf., 

Table 2). Th ey believed that the lessons were enjoyable for pupils, age-appropriate, 
and that the lessons achieved their goals. Th ey are also interested in using their 
lesson again in the future. Th ey do not believe that the lessons were demanding 
for the pupils.

On the other hand, they reported that preparation for their lesson was quite 
demanding and they also had diffi  culties in carrying out the lesson in the set time.

Table 2. Teachers’ satisfaction with lessons (%)

A lesson was Strongly 
disagree Disagree Agree Strongly 

agree
Demanding for pupils 6 48 44 2
Enjoyable for pupils 0 6 60 33
Age-appropriate 0 8 21 71
Preparation was time-consuming 4 31 33 27
Th e lesson was manageable in a lecture time 31 25 29 12,5
Leading the lesson is demanding for 
a teacher

12,5 27 42 14,6

I would like to use the lesson aft er fi nishing 
the project

0 4 29 65
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For the pupils from the 4t-5t grade group, the lessons were enjoyable 
(mean=5.86, mode=7), they cooperated well with their peers (mean=5.85, mode=7), 
and they learnt a lot (mean=5.86, mode=7). Th e diffi  culty of the lessons was very 
small (mean=2.21, mode=1).

Th e same patterns were found for the group of the 6t-9t grades. Th ey enjoyed 
the lessons (mean=5.2, mode=6), cooperated well (mean=5.48, mode=7), learnt 
a lot (mean=5.06, mode=6), and reported the lessons were not diffi  cult (mean=2.5, 
mode=2). Th e respondents were interested in the topic of their lessons (mean=5.32, 
mode=7) and they would like to have further lessons like this (mean=5.13, 
mode=7). Th e respondents also assumed they could infl uence the way their les-
son was carried out (mean=4.88, mode=6) and they could investigate their own 
questions (mean=5.26, mode=7).

Understanding of the research cycle
In all of the experimental groups, the level of understanding of the research cycle 

increased. At the same time, changes in the same variable in the control groups 
were not signifi cant (cf., Table 3).

Table 3. Understanding of the research cycle

N Median 
PRE

Median 
POST Z P

4th-5th

Experimental 122 12 8 4 <0.001
Control 45 14 11 1.3 0.18
6th-7th

Experimental 138 16 9 5.5 <0.001
Control 55 18 13 1 0.31
8th-9th

Experimental 100 12 8 5.2 <0.001
Control 72 10 10 0.5 0.6

With the exception of the 6t-7t grades, the experimental and control groups 
diff ered in their scores before the programme. Th e control group for the 4t-5t 
grades scored higher than the experimental group, and lower for the 8t-9t grades. 
All the groups signifi cantly diff ered aft er the programme (cf., Table 4).
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Table 4. Comparison of experimental and control groups

N Median PRE Z P Median POST Z P
4t-5t
Experimental 122 12 -2 0.04 8 -3.3 <0.001
Control 45 14 11
6t-7t
Experimental 138 16 -0.7 0.44 9 -2.5 0.009
Control 55 18 13
8t-9t
Experimental 100 12 -2 0.04 8 -3.3 <0.001
Control 72 10 10

 
Gender aspects were analyzed for the experimental groups only. Th e girls and 

boys from all the groups signifi cantly increased their understanding (cf., Table 5). 
Gender diff erences appeared to be signifi cant only for the 8t-9t grades in favour 
of the girls (cf., Table 6).

Table 5. Results for boys and girls from experimental groups

N Median PRE Median POST Z P
4t-5t
Girls 55 12 8 3.53 <0.001
Boys 66 10 8 2.08 0.03
6t-7t
Girls 69 14 8 3.8 <0.001
Boys 69 16 10 3.8 <0.001
8t-9t
Girls 45 11 8 3.28 0.001
Boys 51 14 10 3.5 <0.001

Table 6. Comparison of gender diff erences in experimental groups

Girls Median Boys Median Z P
4t-5t
PRE 12 10 -0.89 0.3
POST 8 8 0.02 0.97
6t-7t
PRE 14 16 1.15 0.24
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Girls Median Boys Median Z P
POST 8 10 0.76 0.44
8t-9t
PRE 11 14 -2.3 0.01
POST 8 10 -2.5 0.009

Discussion

Th e results of the study must be interpreted in the light of its methodological 
limits. Th e groups were relatively small and random selection was not applied 
in all the cases. Th e diff erences in the number of the respondents between the 
experimental and control groups might also have relatively ‘disadvantaged’ the 
control groups. Th e understanding of the research cycle was analyzed with a single 
item test only.

In spite of this, we might assume that the change in the understanding of the 
research cycle that was found in the experimental groups could be prescribed to the 
evaluated programme. It seems that the applied strategy based on initial skills train-
ing and repeated IBL lessons helped the pupils to grasp the way scientists work. 
Th e pupils learnt the cycle by their own experience, in the process of experiencing, 
generalizing and repeated application into the following lesson (Kolb, 1984).

Gender diff erences appeared to be at play in the oldest category of the respond-
ents. Th e better results of the girls might be surprising in light of the studies 
assuming negative attitudes of girls to science (Osborne, Simon, & Collins, 2003). 
However, according to the PISA 2006 survey, the Czech Republic is one of the few 
countries where more girls plan to study science in the future than boys. Czech 
girls also achieved better results in some items in the survey than boys (Paleckova, 
2007) and declared more positive attitudes towards environmental protection 
(Bilek, & Schmutzerova, 2010). Th e diff erent patterns that appeared in the oldest 
groups might also correspond to Osborne et al. (2003), who found an increase in 
the negative attitudes towards science of children over eleven years of age.

Th e research did not support the assumption of Gautreau and Binns (2012) 
about negative feelings of pupils towards IBL. Th e pupils liked the programme and 
negative statements were only marginal. We might conclude that the way IBL is 
interpreted depends on a complex of contextual factors (Pea, 2012) and cannot be 
generalized. Pupils might like the lessons because they did not like the traditional 
style, or because of specifi c features of the programme.
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Th e study contributes no evidence to the discussion regarding whether or not 
IBL is an eff ective approach for teaching scientifi c concepts. However, it might 
be considered to be an eff ective tool for teaching concepts connected with the 
scientifi c process, especially the logic of research work.

References

Ashby, J., Hubbert, V., Cotrel-Gibbons, L., Cox, K., Digan, J., Lewis, K. ….Wilson, 
L. (2006). Th e enquiry-based learning experience: an evaluation project. Nurse 
Education in Practice, 6(1), 22 – 30. doi: 10.1016/j.nepr.2005.05.008

Bilek, M., & Schmutzerova, L. (2010). Jak hodnotili cesti patnactileti zaci základnich 
skol a studenti víceletych gymnazii environmentalni problemy. Envigogika, 5(2). 
Retrieved from http://envigogika.cuni.cz/index.php/Envigogika/article/view/54/
html_54

Ballantyne, R., Packer, J., & Everett, M. (2005). Measuring environmental education 
program impacts and learning in the fi eld: Using an action research cycle to 
develop a tool for use with young students. Australian Journal of Environmental 
Education, 21, 23 – 37.

Cronje, R., Rohlinger, S., Crall, A., & Newman, G. (2011). Does participation in 
citizen science improve scientifi c literacy? A study to compare assessment 
methods. Applied Environmental Education & Communication, 10(3), 135 – 145. 
doi: 10.1080/1533015X.2011.603611

 Cincera, J. (2011). Rozvoj vyzkumnych kompetenci zaku na zakladni skole – 
zkusenosti z evaluace programu o Jizerskych horach. Envigogika, 6(3). Retrieved 
from http://www.envigogika.cuni.cz/index.php/Envigogika/article/view/63

Cincera, J., & Maskova, V.  (2011). GLOBE in the Czech Republic: a  pro-
gram evaluation. Environmental Education Research, 17(4), 499 – 517. doi: 
10.1080/13504622.2011.557497

Dvorackova, S., & Ryplova, R. (2012). Sonda environmentalni gramotnosti stu-
dentu prirodovedne a ekologicky zamerenych oboru na Pedagogicke fakulte 
JU. Envigogika, 7(3), Retrieved from http://www.envigogika.cuni.cz/index.php/
Envigogika/article/view/77

Gautreau, B.T., & Binns, I.C. (2012). Investigating student attitudes and achieve-
ments in an environmental place-based inquiry in secondary classrooms. 
International Journal of Environmental & Science Education, 7(2), 167 – 195.

Healey, M. (2005). Linking research and teaching: exploring disciplinary spaces and 
the role of inquiry-based learning. In R. Barnett (Ed.). Reshaping the university: 



128 Jan Cincera

New relationship between research, scholarship and teaching (pp. 67 – 78). McGraw 
Hill / Open University Press.

Hmelo-Silver, C.E.  (2004). Problem-based learning: What and how do 
students learn? Educational Psychology Review, 16(3), 235 – 266. doi: 
1040 – 726X/04/0900 – 0235/0

Chiappetta, E.L., & Adams, A.D. (2004). Inquiry-based instruction, Th e Science 
Teacher, 71(2),46 – 50.

Kirschner, P.A., Sweller, J., & Clark, R.E. (2006). Why minimal guidance during 
instruction does not work: an analysis of the failure of constructivists’, discovery, 
problem-based, experiential, and inquiry-based teaching. Educational Psycholo-
gist, 41(2), 75 – 86.

Kolb, D. (1984). Experiential learning. Experience as the source of learning and 
development. Upper Saddle River: Prentice Hall, Inc.

Kuech, R. (2004). Collaborative and interactional processes in an inquiry-based, 
informal learning environment. Th e Journal of Classroom Interaction, 39(1), 
30 – 41.

Magnussen, L., Ishida, D., & Itano, J. (2000). Th e impact of the use of inquiry-based 
learning as a teaching methodology on the development of critical thinking. 
Journal of Nursing Education, 39(8), 360 – 365.

Marcinkowski, T. (1997). Assessment in environmental education. In R.J. Wilke 
(Ed.). Environmental education. Teacher resource handbook. A practical guide 
for K-12 environmental education (pp. 143 – 199). Th ousand Oaks: Corwin Press.

Osborne, J., Simon, S., & Collins, S. (2003). Attitudes towards science: a review of 
the literature and its implications. International Journal of Science Education, 
25(9), 1049 – 1079.

Paleckova, J. (2007). Hlavni zjisteni vyzkumu PISA 2006. Poradi si zaci s prirodnimi 
vedami? Praha: Ustav pro informace ve vzdelavani.

Papacek, M. (2010a). Badatelsky orientovane prirodovedne vyucovani – cesta pro 
biologicke vzdelavani generaci Y, Z a alfa? Scientia in educatione, 1(1), 33 – 49.

Papacek, M. (2010b). Limity a sance zavadeni badatelsky orientovaneho vyucovani 
prirodopisu a biologie v Ceske republice. In M. Papacek (Ed.). Didaktika biolo-
gie v Ceske republice 2010 a badatelsky orientovane ucení. DiBi 2010. Sbornik 
prispevku seminare, 25. – 26.3.2010 (pp. 145 – 162). Ceske Budejovice: Jihoceska 
univerzita.

Pastorova, M. (Ed.) (2011). Doporucene ocekavane vystupy. Metodicka podpora 
pro vyuku prurezovych temat na zakladnich skolach. Praha: Vyzkumny ustav 
pedagogicky. Retrieved from http://www.vuppraha.cz/nova-publikace-divize-
vup-%E2%80%93-doporucene-ocekavane-vystupy-pro-zakladni-skoly.



129To Think Like a Scientist

Pea, C.H. (2012). Inquiry-based instruction: Does school environmental context 
matter? Science Educator, 21(1). Retrieved from http://www.highbeam.com/
doc/1P3 – 2771193041.html

Straits, W.J., & Wilke, R.R. (2002). Practical considerations for assessing inquiry-
based instruction. Journal of College Science Technology, 31(7), 432 – 435.

Stuchlikova, I. (2010). O badatelsky orientovanem vyucovani. In M. Papacek (Ed.). 
Didaktika biologie v Ceske republice 2010 a badatelsky orientovane uceni. DiBi 
2010. Sbornik prispevku seminare, 25. – 26.3.2010 (pp. 129 – 135). Ceske Budejov-
ice: Jihoceska univerzita.

Summerlee, A., & Murray, J. (2010). Th e impact of enquiry-based learning on 
academic performance and student engagement. Canadian Journal of Higher 
Education, 40(2), 78 – 94.

Vanhear, J., & Pace, P.J. (2008). Integrating knowledge, feelings and action: using 
VEE heuristics and concept mapping in education for sustainable development. 
Journal of Teacher Education for Sustainability, 10(1), 42 – 54. doi: 10.2478/
v10099 – 009 – 0024 – 3.

Wolf, M., & Laferriere, A. (2009). Crawl into inquiry-based learning. Hermit  crab 
experiments. Science activities, 46(3), 32 – 37.

Appendix 1. Example of the test for the 4th-5th grades

How does such a ‘scientifi c inquiry’ work? You can fi nd an excerpt from the diary of 
a young researcher, Hugo, who studies frogs. Unfortunately, by mistake it happened 
that Hugo cut his diary into small pieces during break time. Would you help him 
to reassemble it again? Your task is to put the steps of his research into the correct 
order. You should write a number by each of the steps from 2 to 8 (Notice that we 
have already fi lled in number 1 for the step when Hugo started his research for you. 
So you should start with number 2 for the next step, 3 for the next one up to 8 for 
the last one.) 

Example

_1______  Hugo comes to his offi  ce and reads an article written by his friend about 
frogs.

 ________ Hugo decides if brown frogs really jump more as he originally supposed.
________ Hugo is writing a paper for Th e Kwak and Splash Journal about his research.
________ Hugo is planning some research where he is going to observe frogs.
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________  Hugo is writing an assumption (hypothesis) that brown frogs jump more 
than green frogs.

________ Hugo compares the results of the jumps of the brown and green frogs.
________ Hugo is wondering if green frogs jump more than brown frogs.
________  Hugo is lying in the meadow, observing the frogs and noticing how far 

they jump.


