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Abstract. This study aims to reveal the effectiveness of the authentic research
project-based laboratory work to develop creative thinking skills, scientific atti-
tudes, and students’ scientific work skills in high school biology learning. The
34 students of class X MIPA from one of the public high schools in Mataram,
West Nusa Tenggara Indonesia, carried out authentic research project-based lab-
oratory work and 34 other students with verification laboratory work. Creative
thinking skills were assessed using a creative thinking skills test compiled by
researchers. Tests were administered before and after the intervention. Scientific
attitude is assessed using the observation method, and scientific workability is
assessed using self and peer assessment instruments. The results showed that the
authentic research project-based laboratory work encourages creative thinking
skills, stimulates scientific attitudes and students’ scientific work abilities. This
study concludes that the authentic research project-based laboratorywork provides
insight into how the authentic research project-based laboratory work encour-
ages creative thinking, shows benefits in instilling scientific attitudes, improves
students’ scientific workability, and the limitations of the approach in this study.

Keywords: Effect of authentic research project-based laboratory work · creative
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1 Introduction

The life of the 21st century requires a person to master various skills. Each individual is
required to have the ability to think creatively, solve problems and cooperate to overcome
complex life challenges [1]. Creative thinking skills are very important to be developed
in the 21st century [2]. Mastery of 21st-century skills can be done by updating learning
quality, including developing student-centred learning [3]. The training learning experi-
encemust equip students to become individuals who have collaborative, communicative,
and creative abilities [4].
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The education system should give more priority to developing creative thinking. The
use of active learning strategies is effective in promoting creative thinking [5]. A peda-
gogical approach that develops interaction and gives autonomy to students encourages
the emergence of responsibility and increases knowledge retention for the long term [6],
and improves creative thinking skills [7, 8]. Creative thinking’s are obtained from the
interaction between talents, processes, and amutually supportive environment [9]. These
are ways of thinking that produce new and original ideas [10]. Creative thinking is the
beginning of the emergence of creativity, the nature of science and knowledge [11], the
main key to the research and innovation process. Creativity is important for formulating
new ideas for research and even combining the knowledge that is not interrelated with
creative thinking [12, 13].

Many research results imply that schools do not develop students’ creative potential
[7, 13–16]. Science learning is often not challenging or does not allow students to utilize
their creative abilities [17]. The teacher’s concern is not teaching creativity to students.
It may potentially reduce the academic achievement targets that have been determined.
The authoritarian teaching style of the teacher makes students memorize who is reliable
but weak in the ability to think about things beyond what they are learning. The ability
to think with various answers can stagnate because of habits and fears of being wrong
in answering or not daring to differ opinions [18].

Biology as a science subject is oriented towards equipping students with the ability
to face life’s challenges in the 21st century. Student-centred biology learning, such as
investigative laboratory activities, encourages and promotes creative thinking skills. The
investigative laboratory integrates research and teaching activities so that students and
teachers are learning partners [17], students acquire skills in applying knowledge and
finding solutions to problems [19]. Investigative laboratories improve high-level skills,
the ability to carry out investigations, foster a sense of responsibility and maturity [20].

We have conducted authentic research project-based laboratory activities to develop
creative thinking skills. This laboratory work model is carried out by assuming the
form of practicum learning that is investigative with the level of guidance on the pri-
ority scale of giving authority to students to be independent, skilled, and responsible.
Authentic research project-based laboratory work is conditioned as open inquiry activ-
ities. Teachers provide ill-structured problems to stimulate and encourage inquiry and
practice growing their creative skills. Students in groups do brainstorming to find ideas
for solving problems they face with teacher guidance techniques. Working in groups can
increase creativity because sharing different points of view and experiences [21].

We also hypothesize that authentic research project-based laboratorywork encourage
the development of students’ creative thinking skills and scientificwork skills. To test this
hypothesis, we designed laboratory activities with the following elements: 1) Authentic
research project-based laboratory work give students autonomy to make decisions about
what and how they conduct their investigations, 2) Authentic research project-based
laboratory work allow students to activity with the same interests, and 3) Laboratory
activities based on authentic research projects are a way to stimulate students to develop
and improve creative thinking skills and scientific work skills.
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2 Method

This study involved 67 participants who were divided into two groups of 34 students in
the experimental group and 33 students in the control group. The experimental group
students carried out la an authentic research project-based laboratoryworkmodel, and the
control group used a verification laboratory model. Laboratory activities are carried out
in groups, consisting of 4–5 people and assigning teachers as facilitators. The authentic
research project-based laboratory work model was developed by adapting, modifying,
and synthesizing the Project-Based Learning [22] and authentic research [23] models.
The control group students did the laboratorywork using the laboratorywork instructions
made and prepared by the teacher. Student worksheet guides are not published.

Data collection and instruments; the data in this study are in the form of quantitative
and qualitative data. Quantitative data in the form of pre-test and post-test scores of cre-
ative thinking skills. Qualitative data in the form of students’ scientific attitude scores
and students’ self-assessment and peer-assessment scores. To test the hypothesis that
laboratory work based on authentic research projects encourages and improves creative
thinking skills and scientific work skills, three aspects are assessed, namely: first, stu-
dents’ creative thinking skills before and after the intervention, assessed by giving a cre-
ative thinking skill test in the form of essay questions developed. The researcher referred
to the TTCT (Torrance, 1974) on the Bacteria material. Second, students’ scientific atti-
tudes were assessed using an observation sheet conducted by four trained observers.
Third, the students’ scientific work ability, which was assessed using self-assessment
and peer-assessment techniques, was carried out after the intervention.

Data analysis; to determine whether the value of the variables differed between
the experimental and control classes, we used a t-test because both groups had normal
distribution and homogeneous variance. Processing was carried out using SPSS version
23 software. The data for increasing creative thinking skills was processed using a
normalized gain score [24] and the criteria for interpretation were used from Meltzer
[25]. To analyse the results of observation, self-assessment and peer-assessment of focus
groups, we used descriptive analysis techniques.

3 Result and Discussion

3.1 Creative Thinking Skill of Students

The results showed that the creative thinking skills were better in the experimental class
than the control class. The summary of the results is depicted in Table 1.

Table 1 shows that there is no significant difference between the pre-test scores of
students’ creative thinking skills in the experimental and control groups. The twomodels
of laboratory activities basically encourage the improvement of students’ creative think-
ing skills. However, the improvement of laboratory work based on authentic research
projects is higher than that of verification laboratories. This is evidenced by the results
of the t-test (0.05) which shows Sig. (2-tailed) 0.000> 0.05 which means that there is a
significant difference between the post test scores of creative thinking skills in the exper-
imental class and the control class. This means that laboratory work based on authentic
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Table 1. Recapitulation of pre-test, post-test, and N-gain creative thinking skill of students

Experiment class Control class df p

N Mean Std Dev N Mean Std Dev

Pre-test 34 21.35 6.060 34 19.50 6.161 66 .216

Post-test 34 60.82 12.970 34 37.94 11.249 66 .000

N-gain 0.50 0.18

0.23 0.24
0.14 0.13

0.56 0.57
0.47 0.42
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Fig. 1. Improving creative thinking skill of students

research projects is better in building students’ creative thinking skills than verification
laboratory work.

Furthermore, based on the achievement of the N-gain score for creative thinking
skills, it appears that the increase in the experimental class is two times higher (medium
category) than the control class (low category). The complete improvement of each
indicator of creative thinking skills and N-gain in the experimental class and control
class is shown in Fig. 1. The diagram in the image above makes it clear that flexible
thinking and fluency experienced the highest increase and original thinking was detected
the lowest. This phenomenon applies to both the experimental class and the control class.

The higher achievement of creative thinking skill of students in the experimental
class indicated that applying an authentic research project-based laboratory work model
had triggered and conditioned students to be curious about something, willing to ask
questions and find answers and be able to make reasonable decisions about problems. In
many cases, creative thinking can be enhanced by studying knowledge content and par-
ticipating in scientific investigations [27]. Research as a process of scientific exploration
bridges researchers using creative thinking, critical, logical to improve and engage in
questions that interest them. Creativity can be fostered and enhanced through the use of
tools and strategies [28].

Our research confirms that authentic research project-based laboratory work that
has been applied really positions students to do research. Quantitative analysis found a
significant increase in creative thinking skills with a change in N-gain in the moderate
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category. These results indicate that authentic research project-based laboratory activities
encourage creative thinking, foster the freedom to make their own decisions, generate
new thoughts and students can plan and conduct research. These results corroborate
previous research from [29] that open inquiry learning is the best inquiry model in
improving high-level learning outcomes such as making scientific problem definitions,
appropriate research design, and ability to conduct research.

The authentic research project-based laboratory work provides freedom of expres-
sion, so that students feel free to express their ideas and an atmosphere that is more
conducive to conducting laboratory work than verification laboratory work. Providing
freedom and flexibility in dealing with situations where students need to apply their
knowledge to solve problems is the key to developing scientific creativity [18]. We
believe that building creative thinking skills takes a long time and needs to be practiced
continuously. Continuous training can stimulate the development of students’ creative
dispositions and will eventually become a habit. The results that have not been good in
research, may be caused because students are not used to thinking and acting differently.
There are still many students who feel more comfortable waiting for the teacher’s orders
than having to find and dig for it themselves. Inharmonious peer relations, problems
of courage and openness, limited time, and the difficulties faced by research labora-
tory work can hinder the development of creative thinking skills, attitudes, and scientific
work skills. The development of scientific creativity requires tolerance and a comfortable
and democratic environment [30]. Student activities such as brainstorming encourage
students to visually analyse various project elements. The interaction between group
members strengthens the growth of creativity because each student can encourage each
other through sharing ideas and stimulating the growth of other ideas, promoting alter-
native thinking, connecting unexpected thoughts to each other and generating parallel
group thinking [31]. Although the results of our research have not been satisfactory, we
recommend that laboratory work based on authentic research projects be introduced in
laboratory work, because it is proven to make a significant contribution in stimulating
students’ creative thinking skills.

3.2 Scientific Attitude During Practicum

Students’ scientific attitude is assessed based on formative assessment through observa-
tions made by three trained observers and the results are averaged. The average score of
students’ scientific attitudes on each observation indicator is shown in Fig. 2.

Figure 2 show that there were no low scores for all indicators measured for both class
groups. The experimental class students’ scientific attitude scores tend to be higher than
the control class. The cooperation indicator score shows the highest number compared
to the other three indicators; The uniqueness of the students’ scientific attitude showed
the same pattern in both classes.

Practical activities foster students’ scientific attitudes [32]. Laboratory activities
build honesty, namely objectivity to observations, build openness to suggestions or input,
maintain cooperation and work discipline, and form diligent and conscientious individ-
uals in their work. Aspects of scientific attitude generated in this study indicated by
the high scores are shown by students while working on laboratory work. The highest
results are shown by cooperation and work discipline indicators, indicating that students
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Fig. 2. The average score of achievement of the scientific attitude

show a scientific attitude during laboratory activities as scientists who always require
collaboration among group members, involve themselves fully in activities, and try to
contribute to the group. These results have also been shown in the research of Tessier &
Penniman [33] that the attitude of collaboration, willingness to exchange ideas, and share
different perspectives with others can increase creative thinking and the development
of students’ scientific skills and attitudes. Rodriguez [13] emphasized that in the con-
text of a collaborative attitude, participants build each other’s ideas through critical and
constructive discussions to reach a common understanding.

3.3 Scientific Work Skill

Assessment of scientific work skills is only presented for the experimental class,
considering that the control class only conducts verification experiments. The peer-
assessment score is the average score given by peers in the group. The average results
of self-assessment and peer-assessment are summarized in Fig. 3.

Students’ scientific work skills describe the ability to act as if they were scientists.
In this study, the assessment was carried out using self-assessment and peer-assessment
techniques which were carried out during the implementation of an authentic research
project-based laboratory work. The results showed that the average score of the two
assessments did not show much difference. It shows that each individual feels fully
involved in every laboratory activity, starting from formulating problems, asking ques-
tions, making observations, designing and carrying out investigations, analysing and
interpreting data, making conclusions, and communicating the investigation results. Stu-
dents’ scientificwork skills can be seen based on students’ solutions to science problems,
and the traits that define scientific skills are manifested in students’ high scores [18].
Students involved in the scientific inquiry will have increased confidence and confidence
as science students [34].

Student scores as the desired learning outcomes, can be achieved well on all indi-
cators that are promoted. These results corroborate the findings of previous studies that
independent inquiry such as investigative laboratory work not only stimulates student
interest, but also provides in-depth knowledge [20, 35], improves scientific attitudes and
scientific work skills and can be an effective strategy for teaching science compared to
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Fig. 3. The mean score of scientific workability

laboratories conventional [15, 35, 37]. Students are satisfied with their project laboratory
work, they acquire the skills needed to face the challenges of their future profession. The
knowledge and skills he has acquired are of course maintained and developed continu-
ously. The previous findingwas that free inquiry promotes the development of transversal
skills, the ability to take responsibility for autonomy, develop self-reflection skills, work
cooperatively and increase knowledge retention for the long term [29].

Tutors play an important role in laboratory work based on authentic research projects
and ideally should have experience as facilitators and guides of the research process.
As a facilitator, the tutor must direct students by creating a learning environment that
is conducive, safe, gives freedom, is flexible to situations, is open to new ideas [38].
Therefore, the teacher as a facilitator must be able to guide the course of the laboratory
work process and provide comprehensive knowledge at the end of the activity. Teachers
must be willing to change their role as knowledge providers into teachers who facil-
itate and guide students to acquire knowledge with more persistent efforts. The most
important thing that teachers need to pay attention to is that giving assignments that are
too easy or too difficult will reduce students’ creativity. Many students will experience
decreased concentration and decreased student involvement in learning. Students tend to
give positive responses to learning if their motivation is good and shows negative emo-
tions because of anxiety and stress due to the learning load that is too high. Emotions
often depend on a balance between challenge and student competence; good balance
enriches the learning process [39].

4 Conclusion

Authentic research project-based laboratory work is effective for improving creative
thinking skills, instilling scientific attitudes and growing students’ scientific work abili-
ties. The creative thinking skills of students who do laboratory work based on authentic
research projects increase two times higher than students who use the verification labora-
tory work model. The implementation of this model also results in a change in scientific
attitude that is better (higher) than the use of the verification laboratory work model. The
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results of the self-assessment and peer-assessment assessment of scientific works skills,
which are only focused on laboratory work classes based on authentic research projects,
show results in the good category and both scores are balanced between self-assessment
and peer-assessment assessments, indicating the seriousness of students in answering the
questionnaire according to his personality and peer objectives. Thus, authentic research
project-based laboratory work potential and can be recommended to be applied by teach-
ers in learning laboratory work to encourage the development of creative thinking skills
(scientific creativity) and teach students scientific attitudes and skills.
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which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.
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