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The long-term effects of students’ perceptions of inquiry-based science education when the

introductory phase (comprising confirmation and structured inquiry) is omitted and guided

laboratory tasks are directly implemented have not yet been thoroughly investigated. This

study aims to assess the long-term effects of inquiry-based science education (IBSE) on

student motivation and knowledge acquisition, comparing it with traditional laboratory

activities across selected STEM subjects. Initial findings reveal that introducing inquiry-based

activities in Chemistry classes reduces student interest, increases pressure on female stu-

dents, and reduces the overall effort students put into learning Chemistry. Conversely, in

Biology, these activities appear to reduce pressure for all students. The data indicates that

while student motivation is initially low, it improves with continued exposure to IBSE

methods. Furthermore, the research demonstrates that IBSE enhances students’ skills and

knowledge acquisition over time compared to traditional laboratory instruction. The effec-

tiveness of IBSE varies significantly depending on the STEM subject and is influenced by

student gender. Overall, IBSE shows a positive impact on long-term knowledge acquisition

and motivation. These findings support previous recommendations, particularly for Chem-

istry, suggesting that IBSE should be introduced gradually, beginning at lower levels of inquiry.
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Introduction

Curricula across the Czech Republic and other European
countries have undergone reforms, driven in part by the
Treaty on the Functioning of the European Union and

recommendations from the Key Competences for Lifelong
Learning framework (European Commission, 2019). These
reforms aim to increase the participation of young people in
science, technology, engineering, and mathematics (STEM) fields,
recognizing that students with above-average interest in STEM
are more likely to pursue further studies in these areas (Klahr and
Nigam, 2004). This could be achieved by implementing Inquiry-
based science education (IBSE) or the integration of inquiry-
based approaches in STEM teaching as progressive learning
methods (Palmer, 2009; Tuan et al. 2005). STEM and IBSE are
intrinsically linked, with IBSE serving as an approach to teaching
STEM subjects. IBSE is a student-centered methodology that
emphasizes the development of scientific inquiry skills, including
questioning, investigation, and experimentation. This approach
focuses on hands-on and inquiry-based learning, encouraging
students to ask questions, make observations, and formulate
explanations based on evidence (Bell et al. 2010). The primary
objectives of IBSE are to enhance students’ critical thinking and
problem-solving abilities while simultaneously stimulating their
interest in STEM subjects (Hanley et al. 2020). Therefore, IBSE
can be viewed as a key element of STEM education, particularly
within the area of science education.

Inquiry-based science education. Inquiry-based science educa-
tion focuses primarily on developing students’ thinking and
problem-solving abilities, as well as on their practical skills and
dexterity (Hattie, 2008). Hattie (2008) also adds that inquiry-
based teaching involves generating situations where students are
required to observe and question phenomena, suggest explana-
tions for the observations they have made, design and carry out
experiments that provide evidence to support or contradict
hypotheses, and analyze and draw conclusions from data.

Many authors (e.g. Banchi and Bell, 2008; Bell et al. 2005;
Eastwell, 2009) have identified multiple levels of inquiry based on
the amount of information provided to students and the extent of
teacher guidance, e.g. through questions, comments, or instruc-
tions. In practice, the four-level research model is the most
commonly used, which categorizes IBSE levels as follows: 1.
confirmation inquiry, 2. structured inquiry, 3. guided inquiry, and
4. open inquiry (Banchi and Bell, 2008). It should be noted that
the first two levels of inquiry cannot be considered typical
inquiry-based science teaching, and are therefore referred to as
“traditional laboratory activities” in the paper. The levels of IBSE
are shown in Table 1. In traditional laboratory activities, students
already know both the research question and procedure, and the
conclusions are made by a teacher. This is similar to a structured
inquiry, but in addition students also formulate the conclusions.
They do not have to establish a hypothesis or search for a solution
procedure. Nevertheless, it is one of the most frequently used
forms of inquiry (Eastwell, 2009). Students who develop their
skills through an IBSE approach to learning, go through the
following stages of the research process: Engage, Explore, Explain,

Elaborate, and Evaluate. The phases of the Primary Connections
5E teaching and learning model are based on the 5Es
instructional model (Koyunlu Ünlü and Dökme, 2022).

Confirmation inquiry: Students are provided not only with the
instructions but also the research question and methodology used
to verify previously known results. This level is, therefore, critical
in gaining experience with practical and research activities,
especially when collecting and recording data. Structured inquiry:
In structured inquiry, the teacher sets a research question for the
students to answer based on their collected data, which is arrived
at by following a precisely given research procedure (instruc-
tions). Guided inquiry: At this level, students are close to
conducting research activities independently. The teacher gen-
erates the topic and research question, but students are
responsible for determining procedures and methods for data
collection and interpretation. Students learn to independently
plan an experiment from the hypothesis to the interpretation of
results. Open inquiry: Once students have gained significant
experience at the previous levels, they can conduct completely
independent research driven by their own motivation. They
formulate their own research questions, and answer them based
on their own interpretation of the results, having followed their
own procedures.

Using the IBSE approach, students should gradually change
their role from passive listeners/learners to active researchers. The
easiest start for students is level 1 (confirmation inquiry), where
the teacher maintains responsibility. Students should gradually
progress to higher levels of the IBSE approach, learning different
procedures for solving teaching tasks and interpreting and
generalizing any information obtained (Bell, 2004; Carpineti
et al. 2015). Depending on the level of inquiry, students take more
responsibility for their learning and the teacher moves into the
role of supporter and observer (Banchi and Bell, 2008; Eastwell,
2009).

It is argued by some authors (Kirschner et al. 2006; Klahr and
Nigam, 2004; Mayer, 2004) that students need very specific
professional guidance during the entire learning process, and
therefore, teaching with IBSE elements is considered less effective.
They contend that novice learners should be provided with
precise instructions and work procedures rather than being
expected to discover these independently. Kirschner et al. (2006)
highlight the possible development of misconceptions and the
acquisition of knowledge without the full context when using
inquiry-based approaches. They argue that if students with
minimal knowledge and limited instruction begin searching
independently for methodologies on a given topic, they could get
lost in the inquiry process. This confusion could lead to students
having a negative attitude, not only towards the given topic but
towards the subject as a whole (Kalyuga et al. 2010).

The effect of an IBSE approach on motivation and study
results. Motivation plays an important role in students’ learning
processes and results, and in creating and maintaining a long-
term interest in learning. It allows students to improve their skills
by increasing the amount of effort they put into their studies. In

Table 1 Level of IBSE-a difference between traditional laboratory courses and IBSE.

Laboratory course Level of IBSE Forming research question Designing procedure Testing the procedure Explanations, conclusions

Traditional Confirmation inquiry Teacher Teacher Student Teacher
Structured inquiry Teacher Teacher Student Student

IBSE Guided inquiry Teacher Student Student Student
Open inquiry Student Student Student Student
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addition to this, highly motivated students tend to perceive study
materials as more significant and relevant. When students
understand the importance and relevance of a subject in relation
to their future goals, it can increase their motivation to study.
However, if students feel pressured when learning, for example,
due to high expectations or an excessive workload, it can lead to a
decrease in motivation (Castle and Buckler, 2021). Motivation
and related factors play a pivotal role in determining the effec-
tiveness of learning (Kwarikunda et al. 2022). Evaluating moti-
vation using appropriate, well-established tools from both
psychology and sociology (Deci et al. 1999; Lei et al. 2024; Pin-
trich, Smith et al. 1991), can help increase the efficiency of
learning processes.

The effect of an IBSE approach on motivation and attitude
towards STEM subjects. Motivation and motivational attitudes
toward learning STEM subjects are crucial in STEM education.
Tuan et al. (2005) demonstrated that implementing IBSE posi-
tively influences junior high school students’ motivational atti-
tudes toward STEM subjects. Kane (2013) further supports this,
noting that IBSE enhances students’ motivation, fostering interest
and maintaining positive attitudes toward natural sciences. The
benefits of IBSE extend beyond subject-specific motivation.
Madden (2011) and Patrick et al. (2009) found that an IBSE
approach positively affects students’ overall self-confidence in
STEM education. Moreover, Palmer (2009) and Tuan et al. (2005)
observed that IBSE positively impacts students’ motivation for
education in general. However, it is important to note potential
drawbacks. Kalyuga et al. (2010) caution that students may
develop negative attitudes not only towards a specific laboratory
course but also towards the subject as a whole when tasked with
solving problems about which they have minimal knowledge and
instructions.

The effect of an IBSE approach on acquired knowledge.
Researchers are still evaluating the effectiveness of an IBSE
approach. Hattie (2008) published a monograph that synthesized
four meta-analyses, including a total of 205 studies focusing on
the effectiveness of an IBSE approach in relation to outcomes. It
was found that an IBSE approach has the greatest positive impact
on first-grade students in primary school. Furtak et al. (2012)
conducted another meta-analysis of 37 papers, through which
they found the positive impact of an IBSE approach in relation to
acquired knowledge and skills. Minner et al. (2010) analyzed 138
papers, showing the positive influence of IBSE, which emphasizes
student active thinking and concluding data.

Despite the positive findings in many studies, some research
has not identified a significant effect of the IBSE approach on
students’ learning outcomes. Cobern et al. (2010) conducted a
2-week study on high-school students, measuring their acquired
level of knowledge and skills during laboratory courses. The
results of this experiment revealed no significant difference
between the groups taught using traditional methods and those
using the IBSE approach; similar conclusions were reached by
Sadeh and Zion (2009). A negative correlation between the level
of students’ acquired knowledge and the IBSE approach was
found in the PISA 2006 research (Gee and Wong, 2012; Lavonen
and Laaksonen, 2009) and subsequently corroborated by
McConney et al. (2014) and by Cairns and Areepattamannil
(2017).

The effect of the level of an IBSE approach on acquired knowledge.
Lederman et al. (2008) conducted a significant study comparing
different levels of inquiry within laboratory activities. They
assigned teachers a unified topic and instructed them to teach
using either traditional methods, confirmatory inquiry, structured

inquiry, or a combination thereof. Their findings, along with
those of other researchers, suggest a positive correlation between
a higher level of inquiry, and increased effectiveness of teaching in
terms of skill acquisition and understanding of scientific content
(Blanchard et al. 2010; Chang and Mao, 2010; Sadeh and Zion,
2009). A study by Blanchard et al. (2010) compared the level of
knowledge as a result of structured and guided inquiry across
1700 American high school students. Students working with
guided inquiry teaching tasks achieved better results than those
working with tasks with confirmation inquiry. Another combi-
nation is the impact of structured and guided inquiry, which
Bunterm et al. (2014) observed: In this study, students engaged in
practical laboratory tasks for 14–15 h analysis of the didactic test
results showed that the group working with tasks at the level of
guided inquiry demonstrated significantly better understanding of
the content and consequently performed better in the practical
tasks associated with scientific work than the group engaged in
structured inquiry.

During the same period, Chatterjee et al. (2009) conducted
research on American university students during a semester-long
General Chemistry course. However, their results showed the
opposite to those of Blanchard et al. (2010), with students
preferring structured inquiry to guided inquiry. Cobern et al.
(2010) conducted a 2-week test with American high school
students. They monitored students’ levels of acquired knowledge
and skills in laboratory activities, comparing an experimental
group (solving guided-inquiry tasks) with a control group
(solving confirmation and structured guided tasks). Their
evaluation showed no significant difference between the groups
in terms of learning outcomes. However, students expressed a
preference for lower levels of inquiry. These results can be
interpreted similarly to the results of Chatterjee’s (2009) study, as
students in both groups worked for a limited time period
(15 weeks/2 weeks) and did not work with tasks assigned
sequentially, i.e. from confirmation inquiry to guided/open
inquiry. Rather, they immediately started with challenging guided
inquiry (Bell, 2004; Cairns and Areepatamannil, 2017; Carpineti
et al. 2015).

Building on the outcomes of Banchi and Bell (2008), Bell
(2004), Carpineti et al. (2015), and Eastwell (2009), students who
have not previously encountered an IBSE approach may face
difficulties in solving practical laboratory tasks assigned in the
guided inquiry. Based on the results of various studies (e.g.
Blanchard et al. 2010; Bunterm et al. 2014; Chang and Mao, 2010;
Lederman et al. 2008; Sadeh and Zion, 2009) showing that the
higher the IBSE level (higher level of inquiry) the better the
outcomes students achieve, many educators and researchers try to
assign guided inquiry-style tasks to students possessing little or
no experience with an IBSE approach (e.g., Chatterjee et al. 2009;
Cobern et al. 2010). Assigning practical activities in this way and
the subsequent analysis of an IBSE approach’s impact on student
knowledge acquisition and attitudes, are contrary to the
aforementioned widely accepted principles governing the imple-
mentation of IBSE methodologies in educational contexts. It is
not yet clear what the long-term effects are regarding how
students perceive an IBSE approach if the introductory phase
(confirmation and structured inquiry) is skipped and guided-style
laboratory tasks are assigned straight away. Similarly, the effects
of how this frequently practiced approach affects their knowl-
edgeremains uninvestigated. Given the relatively limited experi-
ence with implementing IBSE approaches in the Czech
educational context compared to international counterparts,
there exists a notable paucity of longitudinal and methodologi-
cally consistent studies comparing a classical (tasks assigned at
the level of confirmation and structured inquiry) and an IBSE
approach (tasks at the guided inquiry level). The findings from
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such comparative analyses could potentially inform and guide
future educational policy directives in the Czech Republic.

This informed the research design, which aims to assess the
impacts of an IBSE approach on both the motivational and
knowledge levels of high school students in Chemistry and
Biology classes. The study was conducted as a longitudinal
experiment spanning an entire academic year.

The role of gender and subject in an IBSE approach. Many
pedagogical experiments on an IBSE approach are performed for
STEM subjects in general. However, it was shown that the results
are very often subject-dependent (e.g. Vlckova et al. 2019; Potvin
and Hasni, 2014) and, therefore, appropriate attention should be
dedicated to certain subjects. Researchers (e.g. Gebhard et al.
2017; Wegner and Schmiedebach, 2020) have identified biology as
the preferred STEM subject, mainly due to its connection to
everyday life. Jansen (2015) identified that students have a more
positive attitude towards biology, as it was seen as an easier
subject compared to chemistry/physics.

Gender plays an important role in attitudes towards STEM
subjects. It was shown that physics is preferable among males
(Direito et al. 2017), whereas females prefer biology (Uitto et al.
2006). In chemistry, the gender situation is much more mixed.
Direito et al. (2017) and Salta and Tzougraki (2004), found no
evidence of gender differences, whereas less favorable attitudes
were presented by Vilia and Candeias (2020). Cheung (2009)
reports more positive attitudes toward females (Cheung, 2009).

Aim of the research, research questions, and hypotheses
The primary aim of this study is to assess and compare the effects
of an IBSE approach (guided inquiry) versus traditional labora-
tory activities (confirmation and structured inquiry) on the
intrinsic motivation and knowledge acquisition of high school
students aged 13–14.

Derived from the research aim, the following questions guide
this study:

RQ1. How does an IBSE approach to students with no previous
experience, impact their learning motivation? Are the impacts
dependent on the subject taught and students’ gender?

RQ2. How does the students’ learning motivation change over
the intervention time with regular use of an IBSE approach
(comparison between first and second time periods)?

RQ3. How does an IBSE approach affect students’ knowledge
acquisition? Are these impacts on knowledge dependent on the
subject taught and students’ gender?

Based on the research questions, the following hypotheses are
proposed:

H1. (Linked to RQ1) An IBSE approach significantly enhances
students’ learning motivation compared to traditional laboratory
activities.

H2. (Linked to RQ2) Continued exposure to an IBSE approach
increases students’ learning motivation over the school year.

H3. (Linked to RQ3) An IBSE approach positively affects
learning outcomes compared to traditional laboratory activities.

Methods/Experimental
Participants. This case study was conducted during the school
year of 2019/2020 in two parallel high school 8th classes (8A and
8B) during STEM subjects. One class was randomly assigned as
the control group (CG, class 8A, 30 students), and the remaining
was the experimental group (EG, class 8B, 32 students). In total,
62 students were included in this research, specifically 32 females
and 30 males. A student was occasionally absent from an activity
and did not complete the activity. The laboratory activities in EG
used the IBSE approach at the guided inquiry instruction level.

The laboratory activities in CG were taught in a traditional way,
with students following the instructions of their teacher. Both
classes were taught by the same teacher who, at the time of the
research, had four years of experience with an IBSE approach.
The teacher was introduced to the concept of IBSE during the
Teaching Inquiry with Mysteries Incorporated (TEMI) project
(McOwan, 2016) in 2015. Part of the project includes the teacher
receiving 2 years of training. Once the TEMI project ended, they
completed several additional courses focussingon the IBSE
approach. Moreover, the teacher was familiar with student-
centered classroom principles (Keiler, 2018). By contrast, students
had no or only very limited experience with this type of
instruction before the research began. At the beginning of the
research, the legal guardians of all students were informed how
and why the pedagogical research would be conducted, and how
the anonymity of their children would be assured.

Learning environments. Both groups were taught in a traditional
way (structure inquiry) in their first laboratory activity of the
year, and in an experimental way in their second laboratory
activity (guided inquiry). The teaching in the first two laboratory
sessions was designed differently to determine if both groups
(EG and CG) were comparable. After these two lessons, the EG
was taught using the IBSE approach, whereas the CG continued
to be taught in the traditional way, as described above. Both
groups were always taught the same topic. After analyzing sev-
eral sources, reviewed laboratory activities created in the project
entitled “Věda není žádná věda” [Science is no big deal] (Bludská
et al. 2013; Vadasová et al. 2013; Volmutová et al. 2013) were
selected as the source of the materials for the experimental
group. These laboratory activities mimic real-life situations, and
students in the EG used the 5Es instructional model: Engage,
Explore, Explain, Elaborate, and Evaluate. These activities were
modified for use in the CG by the authors of this paper so that
they correspond to a traditionally conducted laboratory exercise,
during which students work entirely according to the instruc-
tions (clear, step-by-step instructions) of the teacher. The
teaching was designed in both the CG and EG as a 2 h (90 min)
laboratory activity. The tasks with their brief characteristics are
as follows:

● September 2019: The surface of mammal bodies: The task
focused on observing the body coverings of different
species of mammals, describing the structure of the skin,
clarifying its meaning, stating the function, and calculating
the surface area to volume ratios and its connection to
breathing and heart rate. This topic was taught using only
the control method of teaching.

● October 2019: The difference between physical and chemical
processes: The goal was to distinguish between physical and
chemical processes. Students proved with simple experi-
ments whether it is a physical or chemical process and drew
general conclusions based on the experiments. This topic
was taught using only the experimental method of teaching.

● November 2019: Separation methods: The goal was to
familiarize students with separation methods with an
emphasis on everyday life. Students had to discover not
only the principles, but also the advantages and disadvan-
tages of individual separation methods, and apply them
correctly.

● December 2019: Winter sleep: The task focussed on the
energy requirements of different organisms during the
winter period and their survival strategy. Students studied
the properties of natural materials suitable for an animal’s
burrow, assessed their advantages, disadvantages, and heat
maintenance.
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● January 2020: Preparation of solutions of a given concen-
tration: The goal of the task was to familiarize students with
the properties of solutions with different salt concentra-
tions. Students prepared their “micro-cocktail” in a straw
and explored the properties of the “layers” of their
cocktails.

● February 2020: Construction of a fire extinguisher: The goal
was for students to be able to apply their skills to the
construction of a fire extinguisher. Students assembled,
tested, and evaluated their fire extinguishers, based on the
principles of simple chemical reactions.

● March 2020: Tooth cavity prevention: In this task, students
analyzed and interpreted the obtained data, described the
structure of the tooth, and explained how pH in the mouth
changes during the day or assessed the effect of different
drinks on the development of dental caries.

Measures and questionnaires. Several research tools were used:
(i) a standardized questionnaire: the Intrinsic Motivation Inven-
tory, (ii) knowledge pretests, posttest, and retention tests, and (iii)
interviews with students. To measure motivation, students were
asked the following key questions:

(i) Are laboratory activities fun for students?
(ii) Are students willing to put effort in during a laboratory

activity in order to succeed?
(iii) Do students feel under pressure while doing a laboratory

activity?
(iv) Is doing laboratory activities beneficial for students?

To obtain the desired results, the proposed didactic research
focused on four categories: interest, effort, perceived pressure,
and perceived usefulness. A standardized questionnaire was
chosen as an appropriate tool-the Intrinsic Motivation
Inventory (IMI) (McAuley et al. 1989; Ryan, 1982). The tool
originally consisted of 45 items (statements) divided into
7 scales, namely: interest/enjoyment, effort/importance, pres-
sure/tension, value/usefulness, perceived competence, perceived
choice and relatedness. Due to the focus of the research, only
items that related to the investigated scales were selected
(interest/enjoyment, effort/importance, pressure/tension, and
value/usefulness). The resulting research tool had only 16 items
(which students found acceptable as it shortened the time spent
filling out the questionnaire). The same items have also been
used to monitor motivation in relation to STEM education in
other research (e.g. Šmejkal et al. 2018). The first scale (interest/
enjoyment) indicates the students’ perception of their interest
in laboratory activities, with higher scores indicating higher
interest. The second scale (effort/importance) illustrates how
much energy and effort students are willing to put into the
activity, with higher scores showing higher effort. The third
scale (pressure/tension) reflects the students’ feelings toward
the laboratory activity, with higher scores indicating that
students felt less pressure or were more relaxed. The last scale
(value/usefulness) represents the students’ perceived value of
the laboratory activity, with higher scores indicating a higher
level of perceived usefulness. All scales consist of four
statements. The wording of all statements can be obtained
online at https://selfdeterminationtheory.org/intrinsic-moti
vation-inventory/ (account creation/login required). The
respondents used the Likert scale to express how much they
agreed or disagreed with each statement by scoring the
responses from 1 to 7, with 1 meaning “Totally Disagree” and
7 “Totally Agree” (Pintrich et al. 1991; Ryan, 1982). The
questionnaire was given to both the EC and CG students at the
end of each laboratory session. One of the advantages of this

research tool is that it is designed to be flexible and modular
according to research needs. Therefore, it is not necessary to use
it in its complete version (Markland and Hardy, 1997; Pintrich
et al. 1991; Rotgans and Schmidt, 2010), resulting in the other
three scales not being used in the research.

Knowledge tests were designed for each laboratory session-4
tests related to Chemistry and 3 tests related to Biology. These
tests aimed to measure the influence of IBSE on the students’ level
of acquired knowledge and skills. Each test consisted of three
types of tasks-open, closed-ended, and multiple-choice tasks.
Some tasks were not only knowledge-based but required complex
skills-e.g. formulating a hypothesis, planning laboratory work,
and interpreting charts. Each test was evaluated by a panel of
experts who approved the content validity of the tool. The panel
consisted of 5 experts: 3 Chemistry/Biology teachers and 2
education researchers specializing in IBSE approaches in the
Czech Republic. The education researchers are recognized experts
in the field. All of the teachers have many years of experience in
teaching IBSE in high schools and have also participated in the
TEMI project. The experts’ thorough review and approval of the
questionnaire and each test ensured its appropriateness and
relevance for the study. The students took each test three times.
The first (pretest) was completed one week before each laboratory
session, the second (posttest) was performed within one week of
each laboratory session, and the third (retention test) was
undertaken 3–4 months later.

All data were statistically processed in IBM SPSS Statistics 25.
Significance was set at α= 0.05. The effect size was interpreted
using Cohen’s d. Reversed items were recoded by flipping the
response scale allowing the scoring to be consistent with the
other items. The “pressure” scale items were recoded so that the
statement with a higher score corresponds to the feelings that
the students feel when relaxed. Statements with a lower score
then meant that the students felt under pressure. Due to the
small sample size, the data were not normally distributed. For
this reason, non-parametric analysis methods were used, namely
the two-sample Mann–Whitney U-test and the paired Wilcox-
on’s test. The time-scale of the use of the research tools listed
above (knowledge tests, questionnaires, and interviews) is
shown in Fig. 1.

The reliability of the questionnaire was evaluated based on
Cronbach’s alpha (α) for each scale of the Intrinsic Motivation
Inventory (interest/enjoyment 0.91, effort/importance 0.75,
pressure/tension 0.75 and value/usefulness 0.96) and for each
knowledge test (Cronbach’s alpha ranged from 0.71 to 0.82).
Based on the results, Cronbach’s alpha is considered acceptable
because it surpasssed 0.70 in all scales (Nunnally, 1978) and in
each knowledge test (George and Mallery, 2003). The data were
internally consistent and thus reliable.

Lastly, the students were interviewed in groups by their teacher
as soon as possible after each laboratory session. All audio
recordings of interviews lasted between 10 and 15min and were
subsequently analyzed by the authors of this paper. Students’
responses were transcribed and sorted by the frequency of their
occurrence; they were later used to support and interpret the
results from the quantitative part of the pedagogical research.
Students expressed their feelings about and impressions of the
laboratory activity. The purpose of the semi-structured interviews
was to find out the students’ perceptions concerning how they
worked during the laboratory activities, what specifically inter-
ested them or not about the activity, what caused them problems,
why they felt under pressure, and why they considered some
activities to be more important, etc. However, a detailed analysis
of the interviews was not the aim of the research. The aim of the
interviews was simply to further explain the students’ observed
attitudes.
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Results
Overall evaluation of the laboratory activities. Based on the
students’ feedback, all 7 laboratory activities were evaluated
highly positively because the averages of all variables ranged from
5.68 to 6.18 on a scale from 1 to 7 (see Table 2). Therefore, the
laboratory activities sparked the students’ interest, the students
were willing to put some effort into succeeding in tasks, they did
not feel pressure during the activities, and they found the tasks
useful.

The influence of an IBSE approach on students’ motivation
Differences in students’ motivation between CG and EG (RQ1).
The first research question (RQ1 was answered using a two-step
approach). Step 1 (A) examined the differences between the CG
and EG during the first and second sessions to determine
whether both groups were balanced before the implementation
of the research. In the second step (B), differences between the
CG and EG during the 3rd–7th sessions were compared to
assess the effect of the IBSE approach. Differences were then
also examined in relation to the subject taught and the student’s
gender.

Comparability of CG and EG before the start of the research:
Firstly, results of the CG and EG (NCG= 30, NEG= 32) were
compared regarding the students’ attitudes towards (i) the tra-
ditional instruction, based on questionnaires from the first tra-
ditional laboratory session and (ii) the experimental instruction,
based on questionnaires from the sessions based on a guided
inquiry activity. The Mann–Whitney U-test did not show any
significant difference between the CG and EG in the first session
(the p-value of all U-tests was higher than 0.05: interest: p= 0.83,
d= 0.06, MdCG= 6.00, MdEG= 6.00, U= 406.5; effort: p= 0.31,
d= 0.27, MdCG= 5.50, MdEG= 5.88, U= 354.5; pressure:
p= 0.56, d= 0.15, MdCG= 6.25, MdEG= 5.63, U= 383.0; value:
p= 0.80, d= 0.06, MdCG= 6.25, MdEG= 6.50, U= 404.0, as
shown in Table 3).

Similar results were achieved when comparing groups in the
second laboratory session which was conducted as an inquiry
laboratory activity. The Mann–Whitney U-test did not reveal any
significant difference between the CG and EG in the second
session either (the p-value of all tests was higher than 0.05).

The students’ answers were not significantly different on any
scale of motivation in either of the laboratory sessions. All
students felt a similar level of interest in the subject matter, and

Fig. 1 Design of pedagogical research. The time-scale of the knowledge tests, questionnaires, and interviews.

Table 2 Overall evaluation of the laboratory activities by Intrinsic Motivation Inventory questionnaires.

Group Variables N Mean Standard mean error Standard deviation Median

CG interest/enjoyment 185 6.18 0.08 1.06 6.50
effort/importance 185 5.68 0.08 1.14 5.75
pressure/tension 185 5.83 0.09 1.28 6.25
value/usefulness 185 5.94 0.10 1.41 6.50

EG interest/enjoyment 199 6.12 0.08 1.09 6.50
effort/importance 199 5.76 0.07 0.94 6.00
pressure/tension 199 5.76 0.09 1.29 6.25
value/usefulness 199 5.95 0.09 1.31 6.50

CG control group, EG experimental group.

ARTICLE HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-025-04437-3

6 HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2025) 12:239 | https://doi.org/10.1057/s41599-025-04437-3



they were willing to put a similar amount of effort into the
activities. Furthermore, during the laboratory session, they felt a
similar level of pressure and usefulness. No differences were
found in any of the initial laboratory sessions, nor when assessing
the data with respect to gender (the p-value of all tests was higher
than 0.05).

Comparison of the control and experimental instruction: A
comparison was made between the results of the CG and EG
questionnaires from other laboratory sessions (3rd–7th). The
findings were merged, resulting in a higher sample size for both
the CG and EG (NCG= 127, NEG= 130). However, the results of
the Mann-Whitney U-test did not show any significant difference
between the groups (the p-value of all 4 tests was higher than
0.05, interest: p= 0.43, d= 0.10, MdCG= 6.75, MdEG= 6.50,
U= 8474; effort: p= 0.82, d= 0.03, MdCG= 6.00, MdEG= 6.00,
U= 8810; pressure: p= 0.33, d= 0.12, MdCG= 6.50,
MdEG= 6.25, U= 8352; value: p= 0.99, d= 0.00, MdCG= 6.50,
MdEG= 6.50, U= 8943.5). Additionally, no significant difference
was found in any scale when analyzing the questionnaires’ results.
The results, therefore, show that the students felt a similar level of
interest and pressure, put an equal amount of effort into the
activities, and perceived a similar value of the activities, regardless
of instruction.

The next step examined whether the impact was dependent on
the subject taught or the gender of the student. The students of
the EG and CG were divided according to the subject and

assessed in isolated subgroups; the results for Chemistry and
Biology were analyzed separately. Data were processed using the
Mann–Whitney U-test. Subsequently, in these isolated groups,
the impact of gender was assessed (see Table 4).

Two significant differences were found between Chemistry (c.)
students in the EG and CG (NCG, c.= 72, NEG, c.= 87): (1) The
CG students expressed more interest than the EG students (small
effect; p= 0.03; d= 0.36, MdCG= 6.75, MdEG= 6.50, U= 2520),
regardless of gender. (2) The CG students felt less pressure than
the EG students (medium effect; p= 0.01, d= 0.42, MdCG= 6.75,
MdEG= 5.75, U= 2387.5). Females (f.) compared in the CG and
EG, felt under higher pressure in the EG (p= 0.05, d= 0.44, NCG,

c. f.= 72, NEG, c. f.= 87, MdCG= 6.75, MdEG= 5.62, U= 674.5).
However, there were no differences between males. Dividing
Chemistry students into female and male subgroups showed that
the CG females were willing to put more effort into the
educational process than the EG female students (medium effect,
p= 0.03; d= 0.47, NCG, c. f.= 72, NEG, c. f.= 87, MdCG= 6.50,
MdEG= 6.00, U= 656.5). This was not the same for the male
students.

A significant difference was also found in Biology (b.): The CG
students felt more pressure than their peers in the EG (p= 0.04,
d= 0.39, NCG, b.= 55, NEG, biology= 54, MdCG= 5.50,
MdEG= 6.00, U= 1160.5). This was in contrast to the findings
from the Chemistry laboratory activity. The second distinction
was that there were no differences between male and female
subgroups.

The influence of the intervention time of regular usage of the IBSE
approach on students’ motivation (RQ2). The second research
question was answered by dividing the obtained regardless of
school subject data into 2 equal periods-the first period (f. p.)
from October to December 2019 (containing the first 3 laboratory
sessions) and the second period (s. p.) from January to March
2020 (the last 3 laboratory sessions). It was observed that stu-
dents’ attitudes towards the experimental instruction changed
over time. A Mann–Whitney U-test was used to determine dif-
ferences in results between the first and second periods (NEG, f.

p.= 113, NEG, s. p.= 86). The results showed a significant increase
in two scales, specifically: interest/enjoyment (small effect;
p= 0.01; d= 0.38, MdCG= 6.25, MdEG= 7.00, U= 3788.5) and
pressure/tension (medium effect; p= 0.001; d= 0.46, MdCG=
5.75, MdEG= 6.50, U= 3590; (a reminder: a higher score corre-
sponded to the feeling of being more relaxed). During the second
period, students were more interested in the subject matter and
they felt less pressure.

Table 3 Traditional teaching style comparison between CG
and EG in terms of intrinsic motivation (after the first
laboratory session).

Interest/
enjoyment

Effort/
importance

Pressure Value/
usefulness

Md_CG (SD) 6.00
(1.42)

5.50 (1.10) 6.25 (1.61) 6.25 (1.71)

Md_EG (SD) 6.00
(1.34)

5.88 (0.88) 5.63 (1.38) 6.50 (1.30)

Mann–Whitney U 406.5 354.5 383.0 404.0
Wilcoxon W 812.5 819.5 789.0 869.0
Z −0.21 −1.02 −0.58 −0.26
p-value (2-tailed) 0.83 0.31 0.56 0.80
Cohen’s d 0.06 0.27 0.15 0.07

CG control group, EG experimental group, SD standard deviation, Md median.
Number of students in CG= 30 and in EG= 28.

Table 4 Comparison between experimental and traditional teaching styles in terms of intrinsic motivation by school subject
(third to seventh laboratory sessions).

Chemistry Biology

Interest/
enjoyment

Effort/
importance

Pressure Value/
usefulness

Interest/
enjoyment

Effort/
importance

pressure value /
usefulness

Md_CG (SD) 6.75 (0.74) 6.13 (1.19) 6.75 (1.25) 6.75 (1.30) 6.50 (1.10) 5.50 (1.17) 6.25 (1.20) 6.50 (1.57)
Md_EG (SD) 6.50 (1.07) 6.00 (0.91) 5.75 (1.23) 6.50 (1.33) 6.50 (1.05) 6.00 (1.07) 6.75 (1.34) 6.63 (1.44)
N_CG 72 72 72 72 55 55 55 55
N_EG 87 87 87 87 54 54 54 54
Mann–Whitney U 2520.0 2836.0 2387.5 2846.5 1261.0 1241.5 1160.0 1308.0
Wilcoxon W 6348.0 6664.0 6215.5 6674.5 2801.0 2781.5 2700.0 2848.0
Z −2.21 −1.03 −2.61 −1.01 −1.39 −1.48 −2.02 −1.10
p-value (2-tailed) 0.03a 0.30 0.01a 0.31 0.17 0.14 0.04a 0.27
Cohen’s d 0.36 0.17 0.42 0.16 0.27 0.29 0.39 0.21

CG control group, EG experimental group, SD standard deviation, Md median.
aSignificant at the level of 0.05.

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-025-04437-3 ARTICLE

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2025) 12:239 | https://doi.org/10.1057/s41599-025-04437-3 7



The influence of an IBSE approach on the level of acquired
knowledge (RQ3). To answer the third research question (RQ3),
it was necessary to compare the data at two different levels (Fig.
2). In the first level (A-horizontal comparison Fig. 2), differences
in pretest, posttest, and retention test results between CG and EG
students were examined. In the second level (B-vertical com-
parison in Fig. 2), differences between pretest and posttest results
and between posttest and retention test results of the same stu-
dents were observed to determine whether there was an
improvement in their performance.

Differences in pretests, posttests, and retention tests between CG
and EG students
The comparison of pretests: The first step was to determine
whether there were statistically significant differences (whether
the groups were balanced before the start of each laboratory
activity) in the results of the pretests between the CG and EG
students, The results of knowledge tests for the 1st–7th sessions
were merged, resulting in a higher sample size for both the CG
and EG. The Mann–Whitney U-test was chosen as a suitable
statistical method and no significant differences in the results of
the pretests were found when comparing CG and EG students.
CG and EG students achieved similar results (p= 0.26, d= 0.028,
NCG= 171, NEG= 188, MdCG= 8.00, MdEG= 7.00, U= 14969),
thus acquiring similar levels of knowledge on both subjects. No
differences were found even when assessing each subject sepa-
rately (Fig. 2-first horizontal comparison).

The comparison of posttest and retention tests: Differences
between posttests and retention tests were calculated for all
laboratory sessions using both teaching methods, i.e., for the

3rd–7th laboratory sessions. The findings from the knowledge
tests for these sessions were merged, resulting in a higher sample
size for both the CG and EG. The Mann-Whitney U-test was
chosen as a suitable statistical method and no significant differ-
ences in the results of the posttests and retention tests were found
when comparing CG and EG students (posttest: p= 0.70,
d= 0.05, NCG, posttest= 116, NEG, posttest= 124, MdCG= 10.00,
MdEG= 10.25, U= 6984; retention test: p= 0.62, d= 0.06, NCG,

retention_test= 122, NEG, retention_test= 131, MdCG= 9.50,
MdEG= 10.0, U= 7702).

However, significant differences were found when analyzing
the results of the posttests and retention tests of CG and EG
students, for each subject separately. In Chemistry, CG students
scored significantly higher marks in the posttest than their peers
in the EG (p= 0.01, d= 0.41, NCG= 71, NEG= 76, MdCG= 9.00,
MdEG= 8.50, U= 2068.5) regardless of gender, but not in the
retention test (p= 0.08, d= 0.28, NCG= 69, NEG= 80,
MdCG= 9.00, MdEG= 9.00, U= 2309).

In Biology, EG students scored significantly higher in the
posttest (p= 0.01, d= 0.54, NCG= 45, NEG= 48, MdCG= 10.00,
MdEG= 11.50, U= 754.5) and in the retention test (p= 0.001,
d= 0.68, NCG= 53, NEG= 51, MdCG= 10.00, MdEG= 12.50,
U= 850) than CG students, regardless of gender. Significant
differences were found between females in the retention test
(p= 0.02, d= 0.70, NCG= 27, NEG= 25, U= 207.5) and between
males in both the posttest (p= 0.05, d= 0.61, NCG= 22, NEG= 24,
U= 174) and the retention test (p= 0.02, d= 0.67, NCG= 26,
NEG= 26, U= 212.5). These results will be discussed further.

Differences in the level of knowledge over time. The differences in
knowledge test scores throughout the study were examined on an

Fig. 2 Comparison of the control (CG) and experimental groups (EG). Differences in knowledge test scores (pretest, posttest, and retention test)
between CG and EG (significant at the level of 0.05, the brackets indicate the group with a higher score). N number of students, p p-value of the
Mann–Whitney U-test, d Cohen’s d.

ARTICLE HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-025-04437-3

8 HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2025) 12:239 | https://doi.org/10.1057/s41599-025-04437-3



individual student basis and per subject. Areas assessed included
the difference between (i) pretest and posttest results and (ii)
posttest and retention test results (Fig. 2-vertical comparisons).
The Wilcoxon paired test was chosen as a suitable statistical
method. The results of knowledge tests from the first laboratory
sessions were included in the CG (students were taught in a
traditional way [t.w.]), whereas the results from the second
laboratory sessions were included in the EG (students were
taught in an experimental way [e.w.]). The results from these
laboratory sessions were merged, resulting in a higher sample
size for both the CG and EG (number of comparisons: NCG: t.w.,

pretest w- posttest= 158, NEG: e.w., pretest–posttest= 169; NCG: t.w.,

posttest–retention_test= 167, NEG: e.w., posttest–retention_test= 163).

The comparison of pretest and posttests: Comparing pretests with
posttests showed that both CG and EG students scored sig-
nificantly higher in the posttest than in the pretest, with a large
size effect (p < 0.001, d > 1.1). This trend in the data was expected
because students developed their knowledge and skills during the
laboratory activities-regardless of group (CG and EG), subject, or
gender.

The comparison of posttest and retention test: Scores revealed a
significant improvement when students were taught in an experi-
mental way (p < 0.001, d= 0,51, NEG, posttest–retention_test= 163,
Mdposttest= 13.00, Mdretention_test= 14.0, Z=−4.43) as opposed to
a traditional way (p= 0.58, d= 0.06, NCG, posttest–retention_test= 167,
Mdposttest= 11.00, Mdretention_test= 11.00, Z=−0.56). A more
detailed analysis of the posttest versus the retention test by subject
showed a significant improvement in knowledge of Chemistry only
when students were taught in an experimental way (p < 0.001,
d= 0.52, NEG, posttest–retention_test= 117, Mdposttest= 16.00,
Mdretention_test= 18.00, Z=−3.86), among females (p= 0.01,
d= 0.47, NEG, posttest–retention_test= 63, Mdposttest= 17.00,
Mdretention_test= 17.00, Z=−2.56) and males (p= 0.003, d= 0.58,
NEG, posttest–retention_test= 54, Mdposttest= 16.00, Mdretention_test=
18.50, Z=−2.923). A nonsignificant decrease was identified in
test scores when students were taught in a traditional way
(p= 0.284, d= 0.184, NCG, posttest–retention_test= 68, Mdposttest= 9.00,
Mdretention_test= 9.00, Z=−1.071).

Although an improvement in knowledge of Biology was also
observed when students were taught in an experimental way, the
difference was nonsignificant (regarding both genders, p= 0.057,
d= 0.405, NEG, posttest-retention_test= 46, Mdposttest= 11.50,
Mdretention_test= 12.00, Z=−1.902). However, closer analysis
revealed that females improved significantly (p= 0.01,
d= 0.836, NEG, posttest–retention_test= 23, Mdposttest= 11.00,
Mdretention_test= 14.00, Z=−2.62). The Biology test yielded
similar results (though a small nonsignificant improvement was
achieved) when students were taught in a traditional way
(p= 0.84, d= 0.03, NCG, posttest–retention_test= 99, Mdposttest=
12.00, Mdretention_test= 12.00, Z=−0.20).

The results of interviews. The interview results corresponded
with those obtained from the questionnaires (as described in the
previous section). However, it was possible to interpret the data
obtained from the quantitative research more effectively. Student
responses and their frequency of responses are mentioned to
support quantitative results in the “Discussion” section.

Discussion
The influence of an IBSE approach on students’ motivation.
The first hypothesis (H1), “An IBSE approach significantly
enhances students’ learning motivation compared to traditional
laboratory activities”, was not confirmed overall using combined

data (regardless of subject or gender) because the results were
comparable in both groups. Cobern et al. (2010), Chatterjee et al.
(2009), and Kalyuga et al. (2010) reached similar conclusions also
unable to confirm the positive impact of an IBSE approach on
students learning natural sciences. However, further analysis
revealed significant differences between subjects, genders, and the
first and second periods of the study.

In Chemistry, the IBSE approach decreases the students’ interest
in laboratory activities while increasing the pressure on female
students and consequently lowering their effort in completing the
activities. This causal relation was supported by the students’
interviews, mainly by females, as reported also by Vilia and
Candeias (2020) or by different gender patterns (Freedman et al.
2023; Stolk et al. 2021). These trends may also be caused by a lack of
experience with the IBSE approach, as confirmed by Hattie (2008),
who highlights the need for incorporating IBSE more frequently
into lower education stages-even during primary education. Similar
conclusions were reached through the analysis of students’
interviews. Students were not used to working independently,
having to propose and verify hypotheses without the step by step
guidance from the teacher they were accustomed to. In the second
laboratory activities especially, approximately half of the students
reported a lack of workflow they were used to, which limited their
interest in participating in the activity and eventually led them to
decrease their efforts.

Critics of the IBSE approach often cite a decline in student
interest due to its lack of explicit instructions (Klahr and Nigam,
2004; Mayer, 2004). Moreover, IBSE can push students out of
their comfort zones, leading to feelings of disorientation during
laboratory activities (Kalyuga et al. 2010). This discomfort can
heighten perceived pressure, particularly among female students
in chemistry laboratory activities, potentially fostering negative
attitudes and decreased effort (Kalyuga et al. 2010; Gebhard et al.
2017) as confirmed in the research among females based on their
interviews (approximately 1/3 of females).

Despite following the provided instructions, approximately one-
third of female students reported higher stress levels due to IBSE’s
time-consuming nature (Sadeh and Zion, 2009). This was made
worse by the absence of previous experience of time-planning
activities, leading to fear of mistakes and incomplete work. To
address these challenges, Fussy et al. (2023) suggest linking IBSE
activities to more practical, real-world scenarios. Additionally, as
demonstrated in Biology studies (Jansen, 2015), providing
encouragement and reassurance can significantly benefit female
students. Conversely, many male students appreciated the
opportunity to explore different approaches, highlighting the
potential influence of gender-specific behavioral patterns on IBSE
outcomes (Cooper et al. 2015; Secker, 2010).

Unlike in Chemistry, Biology classes showed different trends,
with EG students feeling more relaxed than CG students
regardless of gender. Interviews confirmed that students
perceived Chemistry activities (regardless of the group) as being
more difficult than Biology activities. Their responses indicated
that Chemistry activities are more difficult due to frequent
abstract concepts as well as Chemistry being a new subject.
Conversely, Biology activities were described by more than 50%
of students as having a context closer to everyday life and thus
easier to solve, confirming Jansen’s conclusions (2015). A positive
effect of the IBSE approach on students’ attitudes toward Biology
was also proved by Sandika and Fitrihidajati (2018).

As the students lacked any previous experience with an IBSE
approach, the negative effects of IBSE could be eliminated by
regularly using this approach and starting from the confirmation
level. The second hypothesis (H2), “Continued exposure to an
IBSE approach increases students’ learning motivation over the
school year”, was validated. EG students described a higher
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interest and felt less pressure in the second period than in the first
period. This conclusion corroborates previous studies (e.g. Kanter
and Konstantopoulos, 2010).

The influence of an IBSE approach on knowledge and skills.
The third hypothesis (H3), “An IBSE approach positively affects
learning outcomes compared to traditional laboratory activities”
was evaluated. The comparison of the posttest results between CG
and EG students showed that EG students scored (i) significantly
lower than CG students in Chemistry and (ii) significantly higher
than CG students in Biology. These results show that IBSE does not
affect the level of knowledge acquisition in Chemistry, as previously
concluded by Lechová (2014). Conversely, it was found that an
IBSE approach positively affects the level of acquired knowledge in
Biology, as conceded in the findings of Radvanová (2017). To
examine long-term changes, the scores between posttests and
retention tests were compared, revealing that: (i) in Chemistry, only
students who were taught in an experimental way, regardless of
gender, scored significantly higher in retention tests compared with
posttest; (ii) in Biology, students who were taught in an experi-
mental way, regardless of gender also scored higher in retention
tests nonsignificantly but the retention was significantly higher for
females. The gender differences found are in contrast to Ješková
et al. (2016), who evaluated the efficacy of the IBSE approach in
Mathematics, Physics, and Informatics, or in PISA 2012 results
(OECD, 2014), which assessed students performance in science in
general. The results were also supported by the measured differ-
ences between the CG and EG in the retention test, where EG
students scored significantly higher than CG students in Biology.
The results in Chemistry in the retention tests between CG and EG
were comparable as EG students performed worse in the posttests.
Despite significant improvements in long-term knowledge, EG
students achieved statistically the same results as the CG students,
who showed no improvement.

The data shows that an IBSE approach has a positive, long-
term effect on the knowledge of high school students, resulting in
increased autonomy in problem-solving. This trend was also
reported by Freeman et al. (2014). The IBSE approach encourages
students to search for answers on their own, promoting the
development of long-term memory. Schmid and Bogner (2015)
also noted an increase in knowledge acquisition. The results are
consistent with published research comparing the IBSE approach
with traditional approaches to teaching and learning (Blanchard
et al. 2010; Chang and Mao, 2010; Furtak and Alonzo, 2009;
Lechová, 2014; Minner et al. 2010). An IBSE approach appears
suitable for both male and female students, as suggested by the
results of Akcay and Yager (2016) the IBSE approach did produce
a stronger positive effect on females in Biology.

Study limitations. The results of the research have several lim-
itations. Only two classes from a single high school were included
in the study, therefore the results cannot be generalized for the
whole population. Nevertheless, the data were collected between
September 2019 and March 2020, generating a sufficient number
of questionnaires and knowledge tests to perform statistical
analyses. A further limitation was the difference in the popularity/
attractiveness of the studied topic, but this was compensated for
by teaching the same topics in the CG (traditionally) and EG
(applying the IBSE approach). There were also fewer students in
Biology (3 laboratory activities) than in Chemistry (4 laboratory
activities) due to the closure of Czech schools during the COVID-
19 pandemic. A potential limitation of the research is also the risk
of data amplification due to repeated measurements from the
same participants over several months.

Conclusions
The long-term effects of an IBSE approach on students were
evaluated. No statistically significant difference was found in
motivation levels between the CG (using confirmation and
structured inquiry) and EG (using guided inquiry) during the
research in tested STEM subjects. Based on the student’s feed-
back, all 7 laboratory activities were evaluated highly positively,
which confirms the significance of implementing laboratory
activities into teaching in general. Students reported similar levels
of interest and pressure, put an equal amount of effort into the
activities, and perceived a similar value in the activities regardless
of instruction. Nevertheless, differences in gender, subject, and
the length of the pedagogical experiment were found.

When focusing on Chemistry during the first period (months
2–4), a lack of experience with the IBSE approach decreases the
students’ interest (both genders), and for female students, it also
increases the pressure during laboratory activities and decreases
the effort put into the educational process (The above-mentioned
unfavorable effects of an IBSE approach may be minimized by
starting with confirmation inquiry, and by regularly incorporat-
ing this approach into the educational process as soon as
Chemistry teaching commences). Without implementing these
recommendations, it is unlikely that overall interest in STEM
would rise, and the existing gender disparity, with only 30% of
STEM students being female, would likely persist. Previous
findings are supported by the results indicating that long-term
(months 4–7) experience with IBSE increases motivation and
interest in the subject matter, reduces perceived levels of pressure,
and increases the activity's perceived value-data showed that
students needed more time to familiarize themselves with guided
inquiry compared to confirmation/structured inquiry. With
Biology, however, the IBSE approach decreased the students’
perceived pressure, and students successfully followed the guided
inquiry from the beginning of the laboratory activities.

Regarding knowledge acquisition in Chemistry, CG students
scored higher immediately after the laboratory session, but EG
students scored significantly higher in tests after a 3-month period
(i.e. retention tests). In Biology, EG students scored higher in post-
tests and retention tests. The research proved that an IBSE approach
has a positive long-term effect on the acquired knowledge of high
school students in Biology and Chemistry.

To conclude, the guided inquiry was more difficult for students
in the more abstract subject of Chemistry than Biology, and female
students experienced more difficulties than males. Providing more
support and motivation to female students at the beginning of
laboratory activities is recommended; this should increase gender
equity in STEM education and future careers (Ortiz-Martínez et al.
2023). Despite these differences, an IBSE approach improved long-
term knowledge acquisition in both subjects.

A longitudinal study should be undertaken to assess the effects
of IBSE on students’ motivation over a few years. These sugges-
tions aim to highlight the importance of continued research
aimed at optimizing and understanding the long-term impact of
IBSE approaches in STEM education. IBSE should be gradually
incorporated into STEM lessons and teachers of these subjects
should be encouraged to use an IBSE approach frequently. Tea-
chers acquainted with active learning strategies (Nguyen et al.
2021), will enable students to work more independently, and
creating a safe environment where students are open to learning
from their own mistakes.

Data availability
The datasets generated during and/or analyzed during the current
study are available from the corresponding author on reasonable
request.
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