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ABSTRACT 

 
Scientific inquiry is the heart of science so it needs to be accommodated in science 

learning. The study was conducted in order to develop a model of scientific inquiry skills 

debriefing for biology teacher prospective by using a framework of argumentation. The 

focus of study is piloted argumentation framework prototype to promoting scientific 

inquiry skills for biology teachers prospective through general biology course. The study 

was conducted to describe quality and using process of scientific inquiry skills. Subjects 

were first year student participants of general biology course. Data of the quality and 

process of scientific inquiry skills obtained through observation by using audio-visual 

recording and student workbook analysis. Results of audiovisual recording and transcript 

of student workbook confirmed  through interview. The results showed that using of the 

argumentation framework in debriefing scientific inquiry skills could increase scientific 

inquiry skills in investigation activity. The quality and process of scientific inquiry skills 

had been developed on the aspects: to formulate investigation problems, make 

hypotheses, identify variables, define variables operationally in the investigation, 

represent data of investigation results and make scientific explanation of investigation 

results based on data and supported theory. 

  

Keywords: argumentation, quality and process of scientific inquiry, scientific inquiry 
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Introduction 

Development information and technology has changed the order of modern society. 

Significant changes occurred, ie from manufacturing jobs that rely on routine skills now 

turning more emphasis on information and knowledge services. Knowledge grows 

specialized and expanded exponentially. Decentralized of decision making, sharing 

information, collaboration and innovation were key of the current work. However, Riley 

(2006) suggested that the results of his study that graduation of secondary schools, 

polytechnics, and universities were lack of the skills (eg, oral and written communication, 

critical thinking and problem solving), professionalism and work ethic, teamwork and 

collaboration, working in diverse teams, applying technology, leadership and project 

management. These things was a skill that is needed to face the 21st century. Related to this, 

the universities must change its strategy by providing opportunities for students to acquire the 
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skills of critical thinking and creative, flexible in problem solving, as well as having the 

ability to collaborate and communicate. 

Scientific inquiry is the scientific framework that gives students the opportunity to use 

critical thinking skills, communication as well as a chance to solve the problem, so it is 

relevant to the skills needed in the 21st century. NSTA recommend to the teachers to use 

scientific inquiry and committed to helping students develop a deep understanding of science 

and scientific inquiry. However, most of teachers were not prepared to teach science using 

scientific inquiry approach. Professional development of teachers were generally only 

intended to support teachers in improving student’s knowledge, by changing the way of 

teaching (Capps and Barbara; 2009). Although the research results have shown the 

importance of  scientific inquiry learning, but in its application in the learning process was 

still less. This is because of most teachers do not have the experience to develop scientific 

inquiry in the classroom. Krajcik, Mamlok and Hug (2000) suggested the application of 

scientific inquiry learning demand teachers skills to make adequate preparations to represent 

science inquiry. Meanwhile Crawford (2000) stated scientific inquiry learning was a complex 

and sophisticated way that requires significant professional development. 

Walker, et al. (2010) stated that the argument driven inquiry (ADI) learning model has 

implications for the ability of reasoning and use of better evidence because it was obtained 

through scientific investigation. Scientific investigation carried out by using a framework of 

scientific inquiry. Bybee (2011) states that the mastery of how science was obtained to 

provide cognitive abilities supplies such as reasoning with data, building an argument, and 

making coherent logical explanation, exercising critical thinking, and improving 

communication skills. 

Jim`enes et al. (2000) stated argument was reasoning strategies and critical thinking. 

Mason and Scirica (2006) stated the argument was reasoning associated advantages and 

disadvantages, pros and cons and causation based on alternative perspective. Based on these 

terms, the argument used by searching for scientific truth using reasoning to criticize the 

causal relationships, predictions, hypotheses and explanations to coordinate claims, data, 

evidence, and support as an argument. 

Based on the background, this study aims to describe the quality and process of the 

learning with the argumentation discourse in exercising scientific inquiry skills biology 

teachers prospective. 

 

Methods 
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Qualitative study conducted in describing the development of the quality and process of 

scientific inquiry skills Biology of biology teachers prospective. Research subjects were 

biology education  students of PGRI Semarang University who participated in general 

biology subject. 

Data about the quality and process of scientific inquiry skills obtained through 

observation to the learning process of general biology. Observation done using an instrument 

in the form of audio-visual recording equipment. Results of audio-visual recordings made to 

the transcripts and analysis. The quality of scientific inquiry were analyzed by using 

arguments discourse, select and explain the reasons for implementing aspects of scientific 

inquiry. The performance of students in applying scientific inquiry skills were also analyzed 

by student work book. Interview did to obtain information of constraints which faced by 

biology teachers prospective in order to implement scientific inquiry skills aspects. Analysis 

results of audio visual transcripts, workbook analysis and the interviews were analyzed 

further by data triangulation approach to obtain a description of the scientific inquiry skills 

development by students. 

Based on the analysis results of the qualitative data to the lectures process and student 

workbook document known that students have progress in implementing the scientific 

inquiry skills, especially in laboratory activities. For more details, it will be presented the 

development mastery of scientific inquiry on each indicator. 

 

a. The development of the ability to formulate problems 

The ability of the students in formulating the problem was not clear, too general, 

did not fit with the theme. It can be seen from the formulation of the problem which 

proposed in the scientific work as follows: 

 

 

 

This indicates that the student formulated the problem was still based on the 

assumption and the focus in variables to be tested was not clear. 

Based on the analysis result of course reports, formulation of the problem has 

been progressing and improving. Some students have been able to improve the 

formulation of the problem becomes clearer and the focus of the problem in accordance 
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with the theme, as well as describe the variables to be tested through the formulation of 

the problem. This is revealed as the problems formulation as follows: 

 

 

 

Based on citation of formulation problem shows that there has been a pattern 

of independent variable and dependent variable, although it also shows less 

concentration. 

Formulation of the problem in course with observation method also showed 

improvement. Formulation of the problem have shown the parameters that should be 

observed by students, as quoted from the formulation of the problems as follow: 

 

 

 

  Development and improvement indicates that APSIS framework as a 

debriefing model of scientific inquiry skills to formulate the problem. This was 

revealed by the analysis results of the video transcript. Based on video transcript 

analysis shows the scaffolding process with an APSIS framework through 

argumentation discourse. For example, shown in the following dialogue between 

student and lecturers: 

 

Lecturer : "How do you formulate the problem?" 

Student : "How the comparison of the gas diffusion speed on HCL and 

NH4OH?". 

Lecturer : "What do you mean with comparison of the gas diffusion speed?" 

Student : "The speed of the gas diffuses from HCL and NH4OH". 

Lecturer : "Do you think the type of substances will affect the speed of gas 

diffusion? 

Student : "Yes". 

Lecturer : "Why?" 

Student : "Because it composed of different elements and abilities”. 

Lecturer : "So, how do you formulate the problem?” 
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  Based on its, the student was able to fix the problem formulation after getting 

scaffolding of lecturers, so that the problem formulation was more focused and related 

to things that will be tested. 

b. The development of the ability to formulate hypotheses 

The ability of students in formulating hypothesis initially reaches 50% of the 

students have not been formulate hypotheses clearly and did not comply with the basic 

theory. Such as the following quote: 

 

 

 

 

 

 

 

This indicates that some of the students in formulating hypothesis, have not 

been identified variables. It also shows an understanding of the theory has not been 

fully used as a basis for formulating hypothesis. 

Hypothesis formulation improvements show that the formulation of 

hypotheses relevant to the formulation of the problem as well as the basic theory which 

used and indicate variables tested in the experiment. This is revealed as the formulation 

of the following hypothesis: 

 

Or  

 

Improvements of hypothesis structure shows that the APSIS framework as a 

functional debriefing model of scientific inquiry skills to exercise skills in formulating 
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hypotheses for biology teachers prospective. Based on the analysis of the video 

transcript shows that students get help and find arguments in formulating hypotheses. 

Lecturer  : "Why do you believe that the concentration will affect the weight of 

the potatoes?" 

Student  : "Because the concentration of the solution will affect osmosis". 

Lecturer  : "How the relation to the weight of potatoes?" 

Student  : "Because of the concentration means shows a comparison between 

the solute in this case sugar and the solvent is water. 

... This will lead to the displacement of substances because potatoes 

consist of cells that have the cell membrane ... and thus will occurs the 

process of osmosis through the cell membrane .... As a result, the 

potatoes will decline or weight gain because of an osmosis ... Its 

depend on concentration ... ". 

Based on this, students have been able to develop their arguments as a basis 

that is used to construct a hypothesis, that the theoretical basis of the concept and the 

principle of osmosis. This indicates that, based on the APSIS framework through 

arguments discourse will be able to promote the skills to formulate the hypothesis in 

scientific inquiry, including when the evaluation of the base used in building 

hypotheses. 

 

c. The development of the ability to identify the variables in the experiment. 

The ability of students to identify the variables are things that must receive 

attention in briefing scientific inquiry skills. Based on the analysis result to the 

formulation of the variables at the beginning of treatment found some facts that: 1) the 

variables have not been identified, especially for students who have not been able to 

focus on the problem formulation and hypotheses; 2) the student has not been able to 

determine the operational definition of variables. As the variables identification quote 

of the following: 
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Based on these quotations, parameters which used in each variable has not 

been clearly identified. Furthermore, after a briefing with the APSIS framework 

appears the lack of progress in identifying the variables, as seen in an excerpt of the 

variable identification results by student as follows: 

 

or 

  

Based on these quotations, it show the progress in identifying variables. 

However, developments in identifying variables has not kept with operational of each 

variable. The ability of students to operationalize variables that have not been clearly 

will lead experiment procedure. This was revealed in the transcript of the lecture 

following: 

Lecturer  : "Do you use the same potato?" 

Student  : "Yes ...". 

Lecturer  : "What about the size? ... is it same?" 

Student  : "Yes .... 

Lecturer  : "Why ... ..?" 

Student  : "I don’t know, Sir” 
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Lecturer  : "What will be happen to the potatoes? Will the potatoes submerged 

all or partly submerged?” 

Student  : "Maybe ... .Yes." 

Lecturer  : "How can you believe that only concentrations which affect osmosis 

if one potatoe fully submerged and the other partially submerged ...?" 

Students  : “It should pay attention to other variables that allow the 

influence of the trial should be controlled or conditioned in order to 

remain the same for all treatments ... 

Based on these quotations, the lecturer has been working to provide 

scaffolding as argumentative use APSIS models. So the ability to identify the variables 

had improved. However, the student’s ability to formulate operational definitions of the 

variables were not optimally growing. It was also revealed by the tests results of 

understanding and reasoning to the skills to operationalize the variables which was 

generally lowest among other scientific skills. Thus APSIS framework in exercised to 

operationalize variables still requires argumentative scaffolding framework more 

detailed. 

 

d. The development of the ability to design an experimental procedure. 

APSIS model framework develop the ability to design experimental 

procedures include registering the need for tools and materials as well as designing and 

implementing work procedures. Here is a list of tools and materials which prepared 

students are as follows: 

 

List of tools and materials showed that the tools and materials which needed 

have not been accompanied by a unit, specification, size, and completeness of tools and 

materials clearly. Analysis video transcripts of some students confuse to deciding 

specification tool that should be used as follows: 

Lecturer  : "How many drops of substance that you need ..?" 

Student  : "25 drops". 
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Lecturer  : "If 25 drops, is it right when using the pipette?" 

Student  : "......" 

Lecturer  : "Approximately 25 drops of it, is there one milliliter? 

Student  : "More ...." 

Lecturer  : "So, what kind of tool that must be used?”  

Based on the list of tools and materials in the course showed the following 

topics: 

 

List of tools and materials showed that the tools and materials needed have 

been accompanied by the unit, specification, size and completeness of tools and 

materials clearly. Thus indicates progress in registering the tools and materials used in 

the experiments that regard specifications, sizes and units that will be used. 

Defined work steps were still too general, treatment was not clearly identified 

in each group, the procedures has not operationally yet and did not perform repetition. 

As shown in the following passage: 

 

Results of improvements to the procedures after discussion in the argument presented 

in the following figure: 
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Examples of scaffolding process through APSIS framework to exercise skills to 

compose experimental procedures, as well as the analysis results in the following video 

transcript: 

Lecturer  : "Why the potatoe is only one? if the potatoe is only 1 compared with 

5 potatoes, which will be more valid?" 

Student  : "5 ...". 

Lecturer  : "Why?” 

Student  : "Yes ... as much as 5 times repetition of each treatment ...” 

Lecturer  : "What does it mean ...?" 

Student  : " Every treatment should have repetition ... so it will get valid data". 

 

It describes that at first the students planning have not pay attention yet to did 

repetition in each treatment. By using the framework of APSIS, students realize the 

importance of clarity and working procedures to do with the validity of the data 

produced. Repair result of work procedures as the following quote: 
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Based on the citations, the students have included experiment design in 

experimental work procedures. In addition to these in the design can also be observed 

that the students designing with 3 kinds of treatments with 3 repetitions for each 

treatment. Improvements that have been done show that APSIS framework can be used 

to exercise skills in preparing work procedures or experiment methods. Arguments 

discourse in APSIS proved capable to direct students to have a framework to think how 

to design experiments. 

e. The development of the ability to interpret the data 

One indicator of scientific skills was the ability to interpret the data. Several 

modes of representation can be used to assist in interpreting the data, for example 

through tables, charts and graph or statistical calculations. The limited trial results in 

initial treatment showed that the majority (85%) initially using the table to represent the 

patterns observed experimental data. As shown in the following passage: 
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This phenomenon shows that present data in tabular form is the easiest mode 

and common in presenting the data. The outcome was a student having difficulty in 

doing inference. Through table mode, student was hard to see the pattern of the data 

tendency will thus have difficulty in attracting inference anyway. This indicates that the 

student has not fully consider the mode appropriately represent data that can help in 

interpreting data. 

After the lecture give the APSIS models treatment appears the development of 

the students in interpreting the data. Results analysis of course report was also 

supported by the fact of the lecture transcripts showed its phenomenon. The following 

transcript showing student progress after receiving a briefing by APSIS framework. As 

illustrated lecture transcript of excerpts follow: 

Lecturer  : "Based on observations, what can you conclude?" 

Student  : "Potatoes were soaked in distilled water have more weight". 

Lecturer  : "Is the only soaked with distilled water which have more weight?" 

Student  : "No, but also at a concentration of 5% 

Lecturer  : "Why?" 

Student  : ..... 

Lecturer  : “How do you make your data is easily read and interpreted? Could 

use other means for example chart?” 

 

The transcript describes the mode of representing the data that was important to help 

students in interpreting data. The facts according to the results of the data analysis is 

based on excerpts from the report made the following: 
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The following table was based on the students create a graph as observations data 

representation. Data of representation observation results as shown in the following 

passage: 

 

Based on the improvements that have been done show that the APSIS 

framework through arguments discourse proved capable to direct students in selecting 

and using multiple ways of interpreting the data. Based on the interpretation of the data 

presented in this mode was expected to make some students make a scientific 

explanation for the observed data as well as alternative explanations for the 

phenomenon of pattern data. 

f. The development of skills to develop and formulate conclusions 

APSIS framework in promoting the ability to develop explanation and to 

formulate conclusions students are expected to be able to build a scientific explanation, 

critical and in-depth on the results of the data analysis. Pattern of discussion conducted 

by students to the experiment results illustrated in the following discussion excerpt: 
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Based on these quotes, show that the structure of the discussion which 

presented by students have used theoretically support to make explanation. However, 

the support was made based on experiment has not been fully used. 

Efforts to improve the use of APSIS in promoting the ability to make an 

explanation on the data analysis is using Toulmin argument scheme. Toulmin argument 

schemes use quotation appears in the following spreadsheet 
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Based on Tolmin argument scheme, encouraging students to think deeply and 

critically using multiple guarantors and supporters. By using scheme the student can  

collect scientific facts and theories, both the concept and scientific principles to be used 

as the basis for building a claim. Therefore it was recommended to exercise scientific 

inquiry skills, especially in building an explanation based on the interpretation of the 

data then used Toulmin scheme as a template. 

 

Conclusion 

The results showed using of the argumentation framework in debriefing scientific 

inquiry skills showed an increase using of scientific inquiry skills in investigation. The 

quality and process of scientific inquiry skills had been developed on the aspects to formulate 

investigation problems, make hypotheses, identify variables, define variables operationally in 

the investigation, represent data of investigation results and make scientific explanation of 

investigation results based on data and supported theory. 
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