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Abstract
The main objective of this study is to evaluate the efficacy of inquiry-based science education in
Human biology lessons at the university level and compare this efficacy with traditional laboratory
works using “cookbook” manuals written by teachers. Pre-tests and post-tests were used to
measure the level of students’ knowledge and scientific skills before the set of laboratory works
and after. By knowledge, we understand the content knowledge of Human physiology, e.g.,
understanding of terms and phenomena, and by scientific skills, we understand operations
students need to know to be able to design their own experiments, interpret their findings and
set final conclusions. Biology major (N = 53) and non-biology major (N = 115) students of the
University were involved in this study. They attended a one-term course and were divided into
two groups, an experimental one (N = 98) with an inquiry-based science education (IBSE)
approach and a control group (N = 70) based on traditional laboratory works where students
follow step-by-step the instructions by the teacher.
We found that IBSE led to a similar or slightly higher acquirement of knowledge in comparison to
traditional labs, but this effect was not statistically different. A significant change was found in
relation to the level of new skills acquirement of students where students from the experimental
group with IBSE approach achieved better results. We also compared efficacy among non-biology
and biology major students and no differences in IBSE efficacy based on the type of the study
programme were found there.
Keywords: inquiry-based science education, inquiry tasks, biology, Human physiology lessons,
efficacy

THEORETICAL BACKGROUND
Problems and Challenges of Science Education in the
Czech Republic
European science education has dealt with major
problems in the form of a decreasing interest of students
and an overall quite negative students’ attitude to
content knowledge related to science subjects (OECD,
2016; Osborne & Dillon, 2008; Rocard et al., 2007). Using
more frequent practical activities, learning crosscurricular connections between natural phenomena and
not focusing only on knowledge of terms and definitions

were said to be the way out of this situation (Eurydice,
2011; Hazelkorn et al., 2015; OECD, 2020).
Students often do not realize the importance of the
curricula because it is not connected to their everyday
life and present topics (Osborne & Dillon, 2008). If
practical tasks present interesting information connected
with students’ life experience, the students are able to
memorize the information better and apply it in their
future life easily (Vohra, 2000). Lab works are also an
important part of teaching and learning science and they
are “seen as prerequisite for quality science teaching”
(Sjøberg, 2018, p. 198).
A declining interest of students in studying science
subjects in the Czech Republic was found. The large
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Contribution to the literature
•
•

•

Research study investigates the efficacy of inquiry-based tasks in comparison to traditional cookbook
labs.
The students’ total score from the pre-test and post-test increased from 71.8 % to 91.8 % at biology major
students involved in IBSE tasks and from 54.2 % to 85.1 % at non-biology major students involved in
IBSE tasks.
IBSE has been found a suitable approach to acquiring almost a similar or slightly higher level of
knowledge as well as to developing students’ skills significantly.

Figure 1. Results of selected countries in PISA 2015: scientific literacy – partial scales (adopted and translated
from Blazek & Prihodova, 2016)
volume of curricula led the content to become too
overfull and mainly based on theoretical knowledge.
The so-called “scientific paradigm” (Skoda & Doulik,
2009) could be a possible factor in causing the decrease
of students’ interest in science because it is focused on
memorizing, mechanical learning of terms and
definitions without a deeper understanding of the
context (Papacek et al., 2015). There is also an insufficient
differentiation
of
students’
individuality
and
unsatisfactory assessment using the rough scale only
(Skoda & Doulik, 2009). We can also observe the
changing situation in the results of international surveys
like PISA (Programme for International Student Assessment)
and TIMSS (Trends in International Mathematics and
Science Study) because it is possible to see that scientific
literacy of Czech students has not improved since 2006
(Blazek & Prihodova, 2016). If we compare the results
from 2015 with the 2006 results, we can see a significant
deterioration of Czech students’ performance as they
moved from the group with an above-average score to
the group with an average score (Blazek & Prihodova,
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2016). Although the score was higher in 2012 compared
to 2006, we can see a decrease in the score in 2015 with
no important change in 2018 (Blazek et al., 2019). Czech
students have good content knowledge and they can
interpret the presented scientific phenomena, but their
results in designing scientific research, interpreting and
discussing the obtained data are quite poor (see Figure
1). The constructivist approaches are often seen as some
of the possible ways of making essential innovations in
science education and improving students’ performance
(Rocard et al., 2007; Tsivitanidou et al., 2018) and,
therefore, the topics of implementation of these
approaches in science education still constitute
prevailing questions for Czech researchers, teachers and
policymakers. Focusing on these topics in teachers’
training at universities would be an important step in
changing the situation and promoting the use of IBSE at
schools because future teachers will be able to
implement these approaches in their practice if they are
familiar with their principles.
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Table 1. Five levels of inquiry in the context of traditional lab works and IBSE (Buck, Bretz, & Towns, 2008)
Levels
→
of inquiry
Teaching
↓
-learning activities
Problem/Question
Theoretical background
Instruction
Analysis of results
Discussion of results
Conclusion

Traditional lab works

IBSE

Confirmation

Structured inquiry

Guided inquiry

Open inquiry

Authentic inquiry

provided
provided
provided
provided
provided
provided

provided
provided
provided
provided
not provided
not provided

provided
provided
provided
not provided
not provided
not provided

provided
provided
not provided
not provided
not provided
not provided

not provided
not provided
not provided
not provided
not provided
not provided

Inquiry-based Science Education
The inquiry-based science education (IBSE) is one of
frequently discussed and proposed constructivist
approaches for science education and it has been
implemented in the majority of curricular documents
related to science education in the world (Abd-ElKhalick et al., 2004; Rocard et al., 2007; Rönnebeck,
Bernholt & Ropohl, 2016; Ramnarain, 2018). IBSE
contains critical thinking and problem-solving
components, so the teacher does not present the
complete curriculum, but he or she allows students to
create new knowledge using the problem-solving or
heuristic dialogue based on an intentionally structured
set of questions (Linn, Davis, & Bell, 2004). Students
represent the active component of the instruction and the
teacher moves into the role of an advisor and guide who
tries to lead them in the same way of investigation as the
real scientists do (Llewellyn, 2011). An inquiry is an
activity in which students are involved in the teachinglearning process actively via investigation, asking and
formulating research questions and/or hypotheses,
finding the sources of information, performing the
observation or experiment individually, collecting data
and interpreting it (Anderson, 2002; Vorholzer & von
Aufschnaiter, 2019).
Although the term inquiry is defined variously, most
researchers agree that it is possible to recognize several
levels of inquiry. These levels are characteristic by the
different amount of information and support provided
by the teacher (Banchi & Bell, 2008; Buck, Bretz & Towns,
2008). We use the definition established by Buck, Bretz
and Towns (2008) recognizing five levels of inquiry
(Table 1). There is a difference in comparison to the
Eastwell’s four-level model (Eastwell, 2009) in the two
last levels - open and authentic inquiry where Buck,
Bretz and Towns (2008) open all steps of the inquiry
cycle in an authentic inquiry, but the teacher provides
some theoretical background to students in an open
inquiry and often helps them in identifying the problem
or research question.
If we put traditional lab works (based on “cookbook”
manual) and IBSE (see Table 1) into context, it is obvious
that the first three levels (confirmation, structured and
guided inquiry) correspond to the traditional lab works.
The guided inquiry where the teacher provides

instructions before performing the experiment and
students complete the results and conclusions is the
most often used level in school practice (Furtak, 2006).
On the contrary, students try to perform their own
experiment without instructions from the teacher in an
open inquiry task. We can consider open and authentic
inquiry such as the IBSE in broad terms. The amount of
guidance should be selected with respect to the learning
goal that is intended to be achieved (Vorholzer & von
Aufschnaiter, 2019).
Some teaching practices within the initiation,
planning and implementation of practical work into
classes are inconsistent with IBSE (Akuma & Callaghan,
2018), but, on the other hand, different practices can be
supported by inquiry activities. Balancing guided
activities and IBSE tasks seems to be the best approach
(Duran & Dökme, 2016). García-Carmona (2020)
suggested a shift from inquiry-based science education
to promoting science learning based on scientific
practices. Simple laboratory experiments are sometimes
identified as IBSE although students perform them
mechanically just as if they had a “cooking recipe”
(Garcia-Carmona, Criado, & Cruz-Guzmán, 2018).
Teachers need better methodological support for more
frequent and more effective use of this approach in their
classes and to distinguish the inquiry levels better
(Fitzgerald, Danaia, & McKinnon, 2019; Tsivitanidou et
al., 2018) because IBSE is still more demanding for
teachers than the traditional way of teaching. They
should obtain easily accessible and editable
methodological materials for implementation in their
classes.
Efficacy of Inquiry-based Science Education
The efficacy of inquiry-based science education has
been a very important part of pedagogical research since
the ‘80s. At the beginning, the studies showed a positive
impact of IBSE on students’ knowledge, creativity,
scientific skills and cognitive development, but later
research did not confirm these facts and brought
different results, so the efficacy of IBSE is still a
prevailing and often discussed topic among academics,
in-service teachers as well as pre-service teachers, policy
makers and the public. Some studies supported the
conclusion that IBSE has a significant impact on
students’ learning and their knowledge (Chang & Mao,
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1999; Schneider et al., 2002), on the improvement of their
understanding of science phenomena (Khisfe & Abd-ElKhalick, 2002), on the increase of their effort in the
learning process and lead to better acquirement of
scientific methods (Berg et al., 2003; Klahr & Nigam,
2004).
The lack of a control group and/or poor description
of instruction in the control group (often defined only as
“traditional instruction” without any specification) were
the causes of ambiguous results in studies comparing
IBSE to other teaching approaches (Levy, Minner, &
Jablonski, 2007). Consequently, the results of
comparative studies are very often inconclusive and/or
it is not possible to generalize them. Minner, Levy, and
Century (2010) performed the synthesis of these
comparative studies and they realized that half of the 138
investigated studies focused on IBSE in science
education showed a positive impact of IBSE on students’
teaching-learning process and the memorizing of new
information. Students attending classes with IBSE had
significantly better results in relation to their knowledge
level than their peers who visited lessons with minimal
or no portion of IBSE. This conclusion was reached in 42
studies (see Minner, Levy, & Century, 2010).
Although some studies (e.g., Blanchard et al., 2010;
Cobern et al., 2010; Furtak et al., 2012; Minner, Levy, &
Century, 2010; Schroeder et al., 2007) brought evidence
about the positive impact of IBSE on students’ learning
process, e.g., their cognitive knowledge, content
knowledge, acquirement of new skills, critical thinking
and attitudes to science branches, the critics of this
approach declared it less effective than instruction with
detailed guidance (Chall, 2000; Kirschner, Sweller, &
Clark, 2006; Klahr & Nigam, 2004; Moreno, 2004). They
explained that students are novices in their learning,
therefore, they should have direct instructions to
understand the concepts and methods related to a
specific subject and not to discover the procedures on
their own. If students discover methods on their own
with minimum instructions, they get lost very often and
thus have a negative attitude to the activity or subject,
but they can also develop misconceptions related to the
topic (Kalyuga et al., 2003).
We can also face limits and challenges in the
implementation of IBSE: little time to implement
inquiry-based approaches, teacher’s confusion in
inquiry instruction (Abd-El-Khalick et al., 2004),
misconceptions in students’ understanding (Brown &
Campione, 1994), lack of resources, and a misalignment
between the curriculum and the assessment (Kim, Tan,
& Talaue, 2013). Students often have problems with
reasoning and engaging in high-quality argumentation
(Rönnebeck, Bernholt, & Ropohl, 2016) and the
appropriate assessment of students’ learning process
and learning outcomes is also important topic (Dolin &
Evans, 2019; Wilcox, Kruse, & Clough, 2015). It is said
better structured professional development with some
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standards is crucial for understanding the purpose and
principles of IBSE (Fitzgerald, Danaia, & McKinnon,
2019; Yoon et al., 2013).
Upon summing up the studies mentioned above, it is
obvious that there is some impact of IBSE on different
aspects of the teaching-learning process, not only in
relation to students’ knowledge results but also to their
cognitive development, critical thinking, acquirement of
new lab skills and understanding scientific terms and
methods (cf Chang & Mao, 1999; Duran & Dökme, 2016;
Gibson 1998; Matthews, Adams, & Goos, 2010). It is
possible to assume, based on some conclusions, that
IBSE with more open steps is more effective for the
understanding of scientific content and acquirement of
new skills than confirmation tasks (Blanchard et al.,
2010; Chang & Mao, 1999; Sadeh & Zion, 2009).

STUDY OBJECTIVE AND HYPOTHESES
The main objective of this study is to investigate
whether inquiry-based science education (IBSE)
implemented in lab works in Human physiology classes
is more efficient than the traditional lab works based on
the following “cookbook” manuals provided by a
teacher. For this purpose, there are three main
hypotheses:
1) IBSE leads to a better acquirement of knowledge
than traditional “cookbook” laboratory works.
2) IBSE leads to a better acquirement of skills than
traditional “cookbook” laboratory works.
3) There is no significant difference in the efficacy of
IBSE in relation to a study programme of
university students.

METHODS
Sample
168 students of the Faculty of Education at the
University of South Bohemia in České Budějovice were
involved in this study. We worked with two groups of
students - biology major students (future Biology
teachers) and non-biology major students. The average
age of biology major students was 22.0 years. There were
5 men and 28 women involved in the experimental
group with the IBSE approach and two men and 18
women in the control group with traditional “cookbook”
labs. The average age of non-biology major students was
20.6 years. There were 42 men and 23 women in the
experimental group, 39 men and 11 women in the
control group with “cookbook” labs.
Both groups, experimental as well as the control
group, worked on the same tasks, used the same
instruments and worked in the same lab. Students did
not know that they were working on tasks with a
different assignment (inquiry versus traditional
“cookbook”) in the groups. All groups were taught by
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Table 2. Number of students involved in the study and distribution into the experimental and control groups
N
EXP
TRAD
M
Biology major students
53
33
20
7
Non-biology major students
115
65
50
81
Total
168
98
70
88
Legend: N – total number; EXP – experimental group; TRAD – control group with traditional “cookbook” labs; M
female

the same person (one of the researchers). This person
was familiar with both approaches and did not favour
any of them. We had considered involving an alternative
teacher, but this person was not familiar with the IBSE
approach and if we had two different teachers there
would be an impact of various teaching styles and
teachers’ personality (as it is mentioned by Blazar &
Kraft, 2017). The number of students involved in the
research and their distribution into the experimental and
control groups is presented in Table 2.
Design
We used a method of matched groups (Chraska, 2011;
Walker, 2010) with parallel groups. The available sample
of students was distributed at random into two groups
(see Table 2). The experimental group worked on tasks
with IBSE components (mainly open inquiry tasks) and
students had to formulate their own hypothesis, design
their own experiment, describe the aids, instruments and
materials needed to perform the experiment, and then
perform it, interpret gained data and formulate relevant
conclusions. Students in the group with the traditional
frontal “cookbook” labs followed step-by-step
guidelines given by the teacher (tasks corresponding
with confirmation, structured or guided inquiry) with a
description of all steps, so they followed the instructions
and performed the experiment, noted obtained data and
set conclusions (see Table 1).
Data was collected during the winter term in
2014/2015 (groups with non-biology major students)
and the summer term 2015/2016 (groups with biology
major students). We used the same test for the
experimental group and the control group to measure
the effect of IBSE on the level of acquired knowledge and
skills. A pre-test was performed to observe the level of
students’ knowledge and skills at the beginning of the
set of lab works in relation to the group that they were
involved in. The evaluation of the IBSE efficacy was
done by comparing students’ scores in the pre-test
(distributed at the first lab work) and post-test
(distributed one week after the final lab work) in relation
to the group they were involved in (Chraska, 2011).
Pre-tests and post-tests contained identical items
divided into two clusters (in the following text often
named “test part”): 1) items focused on students’
knowledge (N = 7) in the field of Human physiology
(related to topics worked on within lab works - e.g.,
dichotomy item: Is it true that respiratory system control is
coordinated with circulatory system control?; open item: If

F
46
34
80
– male; F –

we blow a stream of air from the side into the open eye with a
small balloon, it blinks. Explain why this happens.) and 2)
skill items (N = 6) related to specific inquiry skills (ability
to formulate a hypothesis, interpret data, design one’s
own experiment - e.g., A dynamometer is an instrument
used to measure the force of compression. Is there a
relationship between the number of repetitions of exercise and
grip strength? Formulate your own hypothesis and design an
experiment to verify it.). The test contents were based on
competencies and knowledge expected from students at
the university level in specific fields of Human
physiology (for example circulatory system, nervous
system, sensory system, respiratory system etc.). Some
of the knowledge items were closed-ended or multiplechoice questions. Open questions were used for testing
students’ scientific skills. The knowledge items were
assessed by 0, 0.5 or 1 point and skills items by 0, 3 and
6 points (exact criteria were followed during the scoring
of every item). In total, students could gain 38 points (7
pts from the knowledge part, 31 pts from the skill part of
the tests). Percentages were worked with as well as
actual scores, but the percentages were selected for the
presentation of results because they enabled a
comparison with a similar study performed by
Radvanova (2017) and Wilke (2003).
Inquiry Tasks
The tasks (in total 12 labs) were inspired by a set of
laboratory works (e.g., Dylevsky, Stastny, & Trojan,
1984; Smith, 1995) and they were modified to be suitable
for university students as well as with respect to the
different levels of inquiry. The opportunity to use
different aids and instruments was another criterion for
the modification of tasks (e.g., using the digital
tonometer, spirometer, pH meter, as well as schoollaboratory sets). All tasks were focused on Human
physiology and emphasis was put on the processes and
phenomena related to the everyday life of students.
Students worked in groups of 2 to 4 members and every
member of the group had to submit their own paper
with results and conclusions to receive written formative
feedback after the course.
Data Analysis
Obtained data, results in pre-tests and post-tests,
were coded according to the criteria determined in
advance. The analysis of scores in both parts of the test,
as well as the total score, were performed in percentages.
The coded data sets were analysed in the Statistica
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program (Dell, Statsoft, Tulsa, OK) by repeatedmeasures ANOVA with the type of instruction (IBSE or
traditional) as a category variable. The proper
distribution of students into the groups with different
types of instruction was verified by an initial analysis of
pre-test scores and no significant difference was found
in results of these two groups. Some authors (Cobern et
al., 2010; Ketelhut, 2007; Mattheis & Nakayama, 1988;
Schwartz et al., 2002; Wilson et al., 2010) found a
different impact of IBSE on students’ knowledge and
skills so the cluster of knowledge items and skill items
were analysed separately. Post-hoc analysis (Tukey) was
used to see statistically significant differences between
tests in all analyses. The initial analysis was performed
with gender as a category variable, but there were no
significant differences between genders, so this variable
was not used for the following analyses. The level of
statistical significance was set at α = 0.05 for all statistical
tests.

Figure 2. Scores in the knowledge part of the test –
biology major students (N = 53). The means and the
95 % confidential interval are described in the graph

RESULTS
We analysed the scores of pre-tests and post-tests in
relation to 1) test repetition meaning whether students
achieved better results in post-test in comparison to pretest; 2) type of instruction meaning whether students
from the experimental group (with IBSE) achieved better
results in comparison to students from the control group
with traditional cookbook labs. The results of the
statistical analysis are related to 1) which extent the
students’ performance was better in post-test in
comparison to pre-test, 2) whether students in the group
with a specific type of instruction (IBSE or traditional lab
works) improved their performance, 3) whether there is
a difference between the results of students from
experimental group (with IBSE) and control group (with
traditional lab works). Moreover, we analysed the
clusters of tests separately, so we were able to observe
whether students improved their performance in
relation to the acquirement of new knowledge and/or
new skills.
Efficacy of IBSE in the Group of Biology Major
Students
A significantly important impact of the test repetition
(F1,53 = 74.02; p < 10-10) as well as the type of instruction
(F1,53 = 4.91; p = 0.031) were documented. The difference
between the pre-test in the experimental group and the
pre-test in the control group was not statistically
important (p = 0.79), while it was possible to observe a
significant difference between the post-tests of these two
groups (p = 0.014). That means students were on the
same level at the beginning of this study, but their
outcomes were different in relation to the group
(experimental or control) they were involved in.
As it was mentioned before, two parts of the tests
(knowledge and skills) were analysed separately. A
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Figure 3. Scores in the skill part of the test – biology
major students (N = 53). The means and the 95 %
confidential intervals are described in the graph
significant impact of the test repetition was found in the
knowledge part of the tests (F1,53 = 69.62; p < 10-10), but
the type of instruction was not statistically important
(F1,53 = 0.049; p = 0.826; Figure 2). Students in the
experimental group achieved a higher score in the posttest as well as students in the control group in
comparison to pre-tests, but this difference between the
achieved score in the knowledge part of post-tests in the
experimental group and control group was not
statistically important (p = 0.75). A statistically
important impact of the test repetition was found in the
skill part of the test (F1,53 = 25.63; p < 10-4), but in
comparison with the knowledge part the impact of the
instruction type was significant in the scientific skill part
(F1,53 = 7.77; p = 0.007; Figure 3). The difference between
the skill part of post-tests in the experimental and control
groups was statistically important (p = 0.002), so it is
possible to say that students from experimental group
acquired more scientific skills than students from the
control group. The overview with the scores of students
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Table 3. Summary of point and percentage scores of biology major students (N = 53) in the pre-test and post-test
Pre-test
Post-test
Total score
Knowledge
Skills
Total score
Knowledge
Skills
Total
26.1
70.5 %
5.1
73.5 %
21.0
67.6 %
32.1
87.4 %
6.4
91.9 %
25.7
82.9 %
IBSE
26.7
71.8 %
5.2
74.5 %
21.5
69.2 %
34.5
91.8 %
6.5
93.3 %
28.0
90.3 %
TRAD
25.2
68.4 %
5.0
71.8 %
20.2
65.0 %
28.2
80.2 %
6,3
89.6 %
21.9
70.7 %
Legend: IBSE – experimental group with the IBSE approach; TRAD – control group with traditional “cookbook” labs. The first
column represents points scored, the second percentages. Students could receive 38 points (7 from the knowledge part, 31 from
the skill part of the tests)

Figure 4. Scores in the knowledge part of the test –
non-biology major students (N = 115). Means and the
95 % confidential interval are described in the graph

Figure 4. Scores in the knowledge part of the test –
non-biology major students (N = 115). Means and the
95 % confidential interval are described in the graph
in the experimental group and control group is shown in
Table 3.
Efficacy of IBSE in the Group of Non-biology Major
Students
The non-biology major students’ total score
achievement was statistically conclusive on the test
repetition (F1,115 = 254.77; p < 10-5) as well as on the type
of instruction (F1,115 = 7.51, p = 0.007). The difference in
post-test scores was significantly different between the

Figure 5. Scores in the skills part – non-biology major
students (N = 115). Means and the 95 % confidential
interval are described in the graph
experimental and control group (p = 0.004), so students
improved their performance and the results of the
experimental and control groups were different to the
benefit of the experimental group with the IBSE
approach. The same test repetition trend was found on
the level of acquired knowledge (F1,115 = 158.84; p < 10-5),
but the impact of the instruction type was not
statistically conclusive (F1,115 = 0.042; p = 0.84; Figure 4).
The difference between post-tests in the experimental
and control group was not significant (p = 0.54), so it is
not possible to say that IBSE led to a significantly better
acquirement of new knowledge. An important impact of
test repetition was found in the skill part of the test (F1,115
= 174.59, p < 10-15) and the same finding was determined
in relation to the type of instruction (F1,115 = 17.43; p < 104; Figure 5). Achieved scores of students from
experimental and control groups were statistically
different (p < 10-4). Students from both groups had
higher scores in the skill part of the post-test, but the
experimental group with the IBSE approach achieved
significantly better results in comparison to the control
group.
Efficacy of IBSE in Relation to the Study Programme
(Biology Major and Non-biology Major Students)
The third hypothesis investigated the difference in
the efficacy of IBSE in relation to the study programme
of university students. Biology major students entered
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Rokos & Zavodska / Efficiency of Inquiry Based and Cookbook Labs at Human Physiology Lessons
Table 4. Summary of point and percentage scores of non-biology major students (N = 115) in the pre-test and post-test
Pre-test
Post-test
Total score
Knowledge
Skills
Total score
Knowledge
Skills
Total
20.0
53.7 %
3.9
55.7 %
16.1
51.8 %
30.6
80.7 %
5.7
81.1 %
24.9
80.4 %
IBSE
19.8
54.2 %
4.0
57.4 %
15.8
51.0 %
32.8
85.1 %
5.8
83.2 %
27.0
87.1 %
TRAD
20.1
53.2 %
3.8
53.4 %
16.4
52.9 %
27.7
75.0 %
5.5
78.4 %
22.2
71.7 %
Legend: IBSE – experimental group with IBSE approach; TRAD – control group with traditional “cookbook” labs. The first column
represents points scored, the second percentages. Students could receive 38 points (7 from the knowledge part, 31 from the skill
part of the tests)

Figure 6. The comparison of total scores in the pre-test and post-test between biology major students (N = 53)
and non-biology major students (N = 115). Means and the 95 % confidential intervals are described in the graph
the research with better content knowledge and an
overview of science in general, but trends in the
development of their knowledge and skills during the
research were the same as in the group of non-biology
major students, also the entrance scores in the pre-tests
were almost the same (Figure 6). When we analysed pretests and post-tests individually for each student, we
could observe the IBSE was accepted in the same way by
major as well as non-biology major students. Moreover,
the success rate was very similar.
Biology major students sometimes had a more
sophisticated design of experiments, however this fact is
obvious since they have a better theoretical background.

DISCUSSION
The main goal of this study was to verify the
hypothesis that IBSE leads to better results of students
compared to the traditional teaching methods. As it is
mentioned by Ketelhut (2007), Cobern et al. (2010) and
Wilson et al. (2010), the IBSE has a different influence on
the acquirement of new knowledge and skills. That was
the reason why these hypotheses were formulated in
relation to the level of acquirement of new knowledge
and skills.
The hypothesis about a significant improvement of
students’ knowledge was not supported by our data. No
significant impact of the instruction type (IBSE vs
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traditional “cookbook” labs) on the level of students’
knowledge after the lessons was found. Students from
the experimental group with IBSE approach achieved
slightly higher scores in the post-test than students from
the control group, but the difference between these
groups was not statistically important. On the contrary,
Wilke (2003) investigated the efficacy of activating
teaching approaches in the Human physiology at the
University in Texas and he found that students from the
experimental group (with activating approaches) had
better content knowledge after the lessons. The positive
impact of IBSE on understanding biological processes
and phenomena was supported by Blanchard et al.
(2010), Cobern et al. (2010) and Schneider et al. (2002)
among American secondary school students or Sadeh
and Zion (2009) among Israeli secondary school
students.
The second hypothesis that IBSE leads to a better
acquirement of scientific skills was verified, as the
students had significantly better results in items related
to scientific skills, like the formulation of their own
hypothesis, preparation and realization of their own
experiment, data collection, data evidence and their
analysis, working with different aids and appliances.
There still are prevailing traditional laboratory works in
the form of confirmation and structured inquiry where
students follow manual given by the teacher step-bystep (Boudova et al., 2020; Domin, 1999; Lord &
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Orkwiszewski, 2006). These tasks can support science
education, but they have only a limited impact on
students’ skills and their critical thinking (Russell &
Weaver, 2008) because students follow the manual
without a deeper understanding of the methodology and
the purpose of the whole experiment. The traditional
“cookbook” laboratory works are still the prevailing
type of tasks in the education, although there is an
emphasis on the acquirement of key competences like
the competence to learn, solve problems, communication
and task performance, which are mentioned and
promoted in the main curricular documents - National
Framework Programme for elementary education (NIE,
2017) and National Framework Programme for grammar
schools (NIE, 2007). It was found that 15 year-old
students were able to interpret the phenomena
scientifically, but they had worse results in the field of
designing scientific research and its evaluation in the
PISA 2015 (Blazek & Prihodova, 2016). This result could
be caused by the fact that Czech students have only a
little experience with experiments and inquiry-based
science education (Vacha & Rokos, 2017). IBSE should be
the approach for every student, because it has a positive
impact on the acquirement of scientific skills. As it was
documented by Furtak (2006), IBSE is usable in
equalizing achievement differences among students
because the students who are not strong in theory can
excel in the practical tasks and partial steps of the inquiry
process. On the other hand, it is obvious that the
students with better knowledge of scientific content can
apply their knowledge into practice more easily and
design the correct procedure of an experiment. Some
students need only little support and they are able to
improve their scientific skills, but other students need
some specific guidance from the teacher (Schlatter,
Molenaar, & Lazonder, 2020).This guidance could be
increased in relation to skills that are particularly
difficult to learn, such as hypothesizing or designing
one’s own experiment (Schlatter, Molenaar, & Lazonder,
2020). These steps were also very difficult for students in
our study, but based on the guidance provided during
first lessons and the feedback received from the teacher,
students improved their ability to formulate the
hypothesis and they were able to do it on their own at
later lessons. The best improvement was found in
relation to designing their own experiments because
students learnt to include control variables in their
designs, and they were able to formulate the instruction
properly.
Some authors (e.g., Brown & Campione, 1994; Bruder
& Prescott, 2013; Klahr & Nigam, 2004; Lederman, Abell,
& Akerson, 2008) support a procedure from simpler
levels of inquiry (confirmation, structured and guided)
to open inquiry. The authors mentioned above also
emphasize the necessity of using precise the
methodological procedures during lessons with younger
pupils who do not have enough experience with

learning process. A combination of open tasks with
guided and structured tasks is said to be effective and it
was also shown in this study because some of the tasks
had to be designed (mainly because of specific
methodological steps in the procedure) as structured
tasks with only few open items.
Of course, some important factors may not have been
investigated in this study. Firstly, the IBSE was a new
approach for students, and they had not encountered it
during their school attendance. Therefore, they could
comprehend IBSE to be a more attractive approach
during laboratory works, so they were more engaged in
solving tasks. Secondly, IBSE could be considered an
activating approach because it has a positive impact on
students’ motivation and their concentration on solving
tasks will be higher. The efficacy can be also influenced
by the person leading the activity. This person, one of the
researchers, can influence students with his or her
knowledge, skills, enthusiasm for tasks and topics and
the whole personality and character. However, the
instruction in the experimental and control groups was
performed in the same way and by the same person
without a subjective interest in any of the two
approaches. The instruction performed by the same
person is not often included in methodological
procedures of other studies, where the experimental
group was taught by a researcher while the control
group was led by a teacher from the school. In this case,
the students could be interested in the new person in the
class more than in the new teaching approach.

CONCLUSIONS
The main goal of this study was to compare the
efficacy of IBSE and traditional teaching methods based
on using “cookbook” manuals provided by teachers. The
research was implemented into the university courses of
Human physiology. It was found that IBSE is an efficient
teaching approach, but the difference in score
achievement in comparison to traditional “cookbook”
labs was not statistically important.
The hypothesis that IBSE leads to a better
acquirement of knowledge than traditional teaching
methods was not verified. Students in the experimental
group (working on IBSE tasks) obtained slightly higher
scores in the post-test than students in control groups,
but the difference between these groups was not
statistically important. The second hypothesis related to
a better acquirement of scientific skills (e.g.,
interpretation of obtained data, designing one’s own
research, formulation of scientific questions and
hypotheses, and formulation of conclusions based on
previous students’ activity) within IBSE lessons was
verified. Students in the experimental group had
significantly higher score results in the post-test,
specifically in the cluster containing skill items. The third
hypothesis was focused on the efficacy comparison of
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IBSE among biology major and non-biology major
students. No statistically important difference between
these two groups of students was found, so we can say
that the biology major programme is not an important
factor for IBSE efficacy because both groups (biology
major students as well as non-biology major students)
had almost the same success rate.
Of course, it is not possible to generalize the results
above because of the limited accessible sample of
students involved in this study. On the other hand, other
studies carried out at different levels of education
showed the same results in relation to the acquirement
of new knowledge and skills. It is obvious that inquiry is
a convenient way for students to acquire key
competences, e.g., specific subject-related competences,
competence to learn, solve problems as well as
communicative and work competences.
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