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A B S T R A C T  
 

Inquiry enables the student to learn through many activities that can 
improve student attitudes, processes, and thinking skills. Inquiry learning helps 
students develop their ability to solve the problem, think critically and 
reflectively. Applying inquiry-based activities in laboratory courses is one way to 
prompt the student-centered learning in general biology courses. The research 
aimed to develop a valid and practical inquiry-based laboratory manual for 
biology education students. This study used the ADDIE model to develop the 
product, the stages involve analysis, design, development, implementation, and 
evaluation. The implementation was conducted on 30 biology education 
students who take general biology courses. The data were collected by the 
validation sheet and questionnaire of student responses. The inquiry-based 
laboratory manual that has been developed gets a very decent category as a 
validation result. Practical of inquiry-based laboratory manual obtained from 
student response and it got a very practical category. The product is expected 
able to guide the student to do an inquiry process in laboratory activities. 

 

 
1. Introduction 

 
The challenge faced by educators at this time was associated with the advancement of technology 

information that impact to all aspects of life. One of them had a significant impact in the education aspect.  
Currently a variety of information sources are very numerous and easy to obtain.  It is becoming a major 
challenge for educators to prepare students to learn and survive in an era where information flow runs 
very fast and dynamic (Nunaki, Damopolii, Kandowangko, & Nusantari, 2019). Students are expected to 
have the provision of useful skills to be able to survive in the digital age. Students should be able to access, 
evaluate and use the information to think, learn and create. The school should give the opportunity to 
students to practice it at any time in every subject of the curriculum. Students should be able to 
understand the connection on matters that are studied with the world outside school. So the school must 
be able to motivate and inspire them to do their best. Various competencies required of such cooperation, 
the ability to think, language development, reading comprehension and social abilities (Kenengsih, 2017; 
Widyaningrum & Wijayanti, 2019). 

The teachers have to find the way to develop student competence for deep learning from wide 
range of sources of information and for finding meaning in information-laden digital environments. Many 
teachers are using inquiry to educate their students for an information laden society. In inquiry learning, 
students are trained to be able to get information at the same time develop their literacy and social skills. 
Inquiry is designed to enable students to gain deep personal meaning through a wide range of resources 
of information (Carol Collier Kuhlthau, 2008) 

Providing inquiry-based activities in laboratory courses is one way to promote reformed, student- 
centered teaching in introductory geoscience courses (Ryker & McConnell, 2017). Inquiry students gained 
self-confidence in scientific abilities, but traditional students’ gain was greater-likely indicating that the 
traditional curriculum promoted over-confidence. Inquiry lab students valued more authentic science 
exposure but acknowledged that experiencing the complexity and frustrations faced by practicing 
scientists was challenging, and may explain the widespread reported student resistance to inquiry 
curricula. Teaching inquiry-based labs involves critiquing experimental design, evaluating arguments, 
interpreting and solving problems, and other skills not developed in verification-style labs. These skills 
should be important to graduate students whose primary, if not exclusive, career goal is research (Bruck, 
Bretz, & Towns, 2008).  
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The scientific work skills can be trained on students, one of which is through practicum activities. 
Practicum is an important activity in order to support understanding of the concepts that have been 
previously studied in class (Damopolii, Nunaki, Nusantari, & Kandowangko, 2020; Rahmat & Chanunan, 
2018). Based on the observations made, the practicum activities currently taking place are still using 
conventional practicum guides such as directions in the recipe book. So that practicum activities are 
focused only on following the instructions in the practicum guide without any further development of 
student process skills. These practical activities make students less experience in carrying out the 
investigation or experiment process. This of course will have an effect on student motivation to follow 
practicum well. This is in accordance with the results of research that has been carried out by Kenengsih 
(2017) after developing a microbiology practicum guide. 

Several previous studies have shown that the use of a guided inquiry-based practicum guide can 
help increase student activity and motivation in doing practicum (Handayani, F, & Anhar, 2014; Lubis, 
Silaban, & Jahro, 2016; Nengsi, 2016; Umah, Sudarmin, & Dewi, 2014; Waluyo & Parmin, 2014). In 
addition, it also helps train students' scientific work skills (Kenengsih, 2017; Widyaningrum & Wijayanti, 
2019) and through the use of guided inquiry-based student worksheets can also improve science process 
skills (Saidaturrahmi, et. al. , 2019), Likewise, the use of an inquiry guide-based practicum guide can also 
help improve students' thinking skills (Nunaki, Damopolii, Kandowangko, & Nusantari, 2019; Nurussaniah 
& Nurhayati, 2016; Rahmat & Chanunan, 2018).  

Inquiry learning can also facilitate to develop the student’s metacognitive. These research found 
that inquiry-based learning effectively trains students’ metacognitive skill  (Damopolii et al., 2020; Nunaki 
et. al., 2019) and open inquiry learning was  more  potential  to  facilitate  high  metacognitive  skills  in  
high  and  low academic  abilities  of students  rather  than  conventional  method.  The  interaction  of  the  
learning  models  and  academic abilities in this study showed no significant difference of metacognitive 
skills (Rahmat & Chanunan, 2018).  

Based on the explanation above, it shows that the practical guide is very important to be 
developed to be able to equip students in practicum activities. Through a guided inquiry-based practicum 
guide, it is hoped that it can help students train and practice scientific work skills. Therefore, researchers 
also conducted research aimed at developing a guided inquiry-based manual laboratory. This guide is 
used by students in doing practicum in general biology courses. 

 
2. Methods  

 
The method is research and development (R&D) which aims to produce a product and asses the 

product practicalities. This study developed a laboratory manual for general biology courses. Product 
feasibility tests conducted on 30 biology education students who take general biology subject in 
2018/2019 academic year. Data collection instruments used is validation sheets for expert and 
questionnaire of student response. Validation products include validation on aspects of content, language 
and presentation that evaluated by two experts. The practicalities of test conducted on students, the 
aspect are: presentation, ease and suitability of time. 

Laboratory manual was developed based on the learning steps in the inquiry. In this research we 
used instructional systems design of ADDIE model. In the ADDIE model, each step has an outcome that 
feeds into the subsequent step. In the analysis phase, instructional problem is clarified, the instructional 
goals and objectives are established and the learning environment and learner’s existing knowledge and 
skills are identified. The design phase deals with learning objectives, assessment instruments, exercises, 
content, subject matter analysis, lesson planning and media selection. The design phase should be 
systematic and specific. The development phase is where the developers create and assemble the content 
assets that were created in the design phase. The project is reviewed and revised according to any 
feedback given During the implementation phase, a procedure for training the learners is developed. The 
facilitators’ training should cover the course curriculum, learning outcomes, method of delivery, and 
testing procedures. The evaluation phase consists of two parts: formative and summative. Formative 
evaluation is present in each stage of the ADDIE process. Summative evaluation consists of tests designed 
for domain specific criterion-related referenced items and providing opportunities for feedback from the 
students. The phase to develop the inquiry-based laboratory manual was outlined in Table 1. 

 
Table 1. Phases of ADDIE model 

 
Phase Activities 
Analysis Analyze student’s needs, analyze the curriculum and student’s characteristic 
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Phase Activities 
Design Designing concept of products, competency base and formulate the learning 

outcome 
Develop Developing the product in accordance with the learning outcome, perform a 

validation of the product by experts 
Implementation Implementing the product on students and doing product practicality test 
Evaluation Evaluating the product and repair it if necessary 

 
3. Result and Discussion 

 
Results 
Analysis Phase 

In this phase several analyzes were carried out including analysis of student needs, curriculum 
and student characteristics. At this stage the results of the analysis are obtained, which is related to the 
needs of students, namely the need for teaching materials or guidance in conducting practical activities in 
the laboratory that are able to facilitate the development of process skills and thinking   skills of students. 
This shows that students need guidance that is able to direct students to carry out practical activities. 
Then based on the results of curriculum analysis and learning objectives obtained by several themes will 
be practiced. Some of the themes that are obtained include: cell structure, plant and animal tissue, 
biodiversity, ecology and genetics. 

 
Design Phase 

In this phase a laboratory manual design will be developed. In this phase designing concepts of 
products, competency base and formulate the learning outcome. This is done so that the products 
developed are in accordance with the learning objectives and competencies to be addressed. In this 
general biology course students are expected to be able to master the basic theories and concepts found in 
biological studies. In this activity also began the initial design of manual laboratory forms that will be 
developed as well as the initial preparation of focus questions that will be given to students. Focus 
question is useful for being able to direct students before conducting inquiry activities. The activities 
carried out at this stage are analyzing concepts and materials, collecting related references, formulating 
focus questions as an introduction to inquiry activities and designing the manual laboratory. 

 
Development Phase 

The development phase of the laboratory manual is the stage to determine the feasibility of the 
laboratory manual. Laboratory manual are developed in accordance with the rules for the development of 
predetermined teaching materials. The product developed will be validated by experts, namely two 
lecturers. The laboratory manual validation is conducted to find out the feasibility of the product that 
students will use in learning activities.  Validation was carried out by two experts, namely from biology 
and biology education lecturers. In this validation process the expert assesses in terms of content, 
language and laboratory manual presentation developed. At this stage focus questions have been 
developed which will be the guiding questions to begin the inquiry process. This is a valid laboratory 
manual for use in practical activities. The results of validation can be seen in Table 2. 
 
Table 2. Validation Result of Laboratory Manual 

Aspects Percentages Categories 
Content 92 very feasible 
Language 92,5 very feasible 
Presentation 91,1 very feasible 

 
Implementation Phase 

Products that have been validated will then be implemented through trial activities on students. 
The initial trial activity was carried out on a limited basis, then continued with the implementation stage. 
After the implementation is done, students are asked to fill out a response questionnaire. This is done to 
determine student responses to the application of manual laboratories that have been developed. The 
student responses obtained can be in the form of practical test results on the developed laboratory 
manual. The practical component seen includes aspects of clarity in presentation, ease and timeliness. 
Some of the things that are done at this stage are gathering students for trial activities, distributing 
practicum guides to students making observations on the use of manual laboratory. Then proceed with 
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trial activities during practicum activities. The activities carried out at this stage are contacting the 
laboratory assistant for preparation of practicum tools and materials, guiding practicum activities, using 
the laboratory manual, observing the implementation of the use of the laboratory manual. 

 

 
 

Figure 1. Research and development stages 
 
Evaluation Phase 

The evaluation phase is the final assessment given through the results data obtained from the 
validity and practicality of the inquiry-based manual laboratory. based on the results of product validation 
and the process of testing student responses, laboratory manually, the results of data analysis showed that 
the manual laboratory was feasible to be used. The results of student responses to the use of general 
biology laboratory manual can be seen in Table 3.  
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Table 3.  Practicalities Result of Laboratory Manual 

 
Aspects Percentages Categories 

Clarity of presentation 92,7 very practical 
Ease of understanding 87,9 very practical 
Ease of use 89,84 very practical 
Suitability of time 78,10 practical 
 
Discussion 

Guided inquiry as a learning model suitable for application in science learning. This is because this 
learning model is in accordance with the nature of science itself, one of which is a process. Students are 
required to be able to have process skills to be able to carry out an investigation or search, which later can 
produce science products themselves. One of these process skills is developed through practicum 
activities. In order for practicum activities to run well and directed, a laboratory manual is needed which 
can also facilitate the ability of the process. 

This study produced an inquiry-based laboratory manual that was validated to be used in 
practical activities. Laboratory manual validation is obtained from the results of expert assessment using a 
validation sheet. The results of the validation of the laboratory manual developed include the three 
aspects, namely: content, language and presentation /graphics get a very feasible category. Inquiry is a 
method and stage in learning where student-centered learning and lecturers act as facilitators. Through 
inquiry students are required to be active in finding and finding learning concepts in order to solve 
problems. In the inquiry-based laboratory manual developed was equipped with a focus question as a 
guiding question for students in conducting practical activities. Students are asked to design their own 
activities to be able to find concepts from the topics being studied (French & Russell, 2002). 

The results of the content aspect validation get a very feasible category because the contents of 
the developed laboratory manual have met the assessment indicators. Among them is conformity with 
competencies and learning objectives to be achieved by students. For example, in the practicum of 
observing plant tissue structure, the competence that students must master is that students can 
distinguish the tissue structure of monocotyledon and dicotyledonous plants through observation using a 
microscope. Activities carried out in the practicum process have been able to support the achievement of 
these competencies. In the guided inquiry work step section, students are guided through the provision of 
focus questions that are appropriate and can guide students in finding concepts. In this laboratory manual, 
students are allowed to design their own practicum activities, starting with determining tools and 
materials to work steps. Students are allowed to determine examples of plant objects that they will 
observe. So that students can be actively involved in practicum activities. Besides that, this can also train 
students' critical thinking skills through the selection of the right tools and materials in practicum 
activities. By the results of research conducted by (Sulistyowati, Rohman, & Ibrohim, 2020) states that the 
guided inquiry learning tool that is valid and practical can improve students' critical thinking abilities. 

The results of the validation on the language aspect obtained an assessment with a very feasible 
category. The language used in the laboratory manual has been communicative and clear. Also, the 
sentences used are by the rules of Indonesian which are good and correct. The use of sentences has also 
been effective and efficient so that students can understand well the instructions in this laboratory 
manual. Besides, the use of the terms and symbols required is consistent so as not to confuse the students 
who use them. This can be seen in the instructions given in the laboratory manual, which are clearly 
presented and straightforward. In implementing inquiry activities, student communication skills can also 
be developed. Activities in formulating problems, determining work steps, and issuing opinions will train 
students' communication skills. According to research conducted by (Indriwati, Susilo, & Anggrella, 2018) 
states that the inquiry learning model can improve students 'communication skills as seen from students' 
questioning skills orally and in writing. 

In the presentation aspect, the laboratory manual developed also found a very feasible category. 
This can be seen from the writing in the laboratory manual that has used the right type and size of letters 
and is clearly legible. The selected pictures also correspond to the material discussed. For example, in the 
genetics practicum section, which is about variations in living things, a picture of the flower Rosa sp. which 
has various flower colors is presented. This shows that there are variations in the genes of flower color in 
Rosa sp. and are by the practicum that will be carried out. Then the colors used are also attractive so that 
readers become interested in using them. The results of this validation are by the student's response to 
the clarity aspect of the presentation from the laboratory manual. The results obtained in this aspect 
belong to the very practical category. This aspect received the highest rating compared to other practical 
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aspects. This shows that students can use laboratory manuals in practicum activities well. Presentation of 
images, instructions, and writing in the laboratory manual can be clearly read by students so that they can 
support the implementation of practicum 

Based on the results of student responses to laboratory manual that have been developed, it was 
found that in each aspect a positive response was received. This is in line with the results of research 
conducted by (Nengsi, 2016) which states that the use of guided inquiry-based practicum guides can make 
students more active. Guided inquiry-based laboratory manual can also help train science process skills 
through inquiry activities (Lubis et al., 2016). The clarity aspect of presentation, ease of understanding 
and use gets a very practical category. While in the time suitability category get a practical category. In 
terms of the suitability of time provided, some students experience a lack of time. This is because during 
the laboratory activities there were technical problems. Like during the use of a microscope, so that the 
time to do observation was very short. It is expected that before laboratory activities can be carried out 
checking the device again so that there is no interference when the laboratory takes place.  Therefore, in 
making laboratory manuals, more attention must be paid to the allocation of time so that practicum 
activities can run well. This is by (Astuti & Setiawan,  2013) suggestion by research related to the 
development of student's worksheets based on guided inquiry. 

The aspect of ease of understanding and use also gets a very practical category. Students consider 
that the laboratory manual developed can help them understand the practicum activities to be carried out. 
The focus questions gave help them understand and find related concepts. Students feel very happy to be 
involved in all stages of practicum activities. Starting from determining the tools and materials then the 
work steps to be carried out until concluding. 

Through this guiding development, it is expected that optimization in general biology laboratory 
activities in Biology Education study programs can be achieved.  This will have an impact on improving 
process skills and thinking skills of students so that they can produce quality graduates. This is in line with 
the results of research conducted by (Syamsu, 2017) which states that inquiry-based manual laboratory 
can provide direct experience to students because students are directly involved in it. Inquiry-based 
manual laboratory. Classroom action research conducted by (Widyaningrum & Wijayanti, 2019) also 
shows that the use of guided inquiry-based biochemistry practicum books is effective in improving 
students' scientific work ability. In addition, the use of practicum guides can also increase student 
motivation in carrying out these practicum activities according to the results of research that has been 
conducted by (Kenengsih,  2017). 

 
4. Conclusion 

 
The development of a guided inquiry-based practicum guide can be done well. Development is 

carried out using the ADDIE model including the stages of analysis, design, development, implementation 
and evaluation. Based on the results of the research and discussion on the development of laboratory 
manual, it can be concluded that the laboratory manual developed based on expert validation belongs to  
the  very feasible category and in laboratory manual practice, it is found that the categories are very 
practical in the aspects of presentation and  convenience. Whereas in the aspect of use time gets a 
practical category. Laboratory manuals that have been developed are expected to facilitate the 
development of students 'process skills in laboratory activity and also help to develop the biology 
students' thinking skills.  
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