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I. Introduction

Currently, teaching the nature of science (NOS) 

has become a major component of science education 

(Hodson, 1988; Matthews, 1994; Lederman, 1999; 

Hand et al., 1999; Sandoval, 2005; Bell and Lederman, 

2003). Consequently, many science educators (McComas 

& Olson, 1998; Lederman and Abd-El-Khalick, 1998; 

Ping-Kee Tao, 2003; Bianchini and Colburn, 2000; 

Lederman et al., 2002) and science curriculums 

(AAAS, 1994; NRC, 2000; NSTA, 2000; Donnelly, 

2001) have emphasized the NOS in teaching science. 

Recently, Park (2007) proposed a synthetic list 

consisting of 42 statements describing the NOS based 

on a comprehensive literature review concerning the 

NOS. And Park (2008) discussed the relationship 

between the NOS and scientific inquiry. This 

discussion was motivated by the need to provide 

more in-depth study concerning the link between the 

NOS and scientific inquiry, since these two areas are 

so closely related to each other (Lederman, 1998; 

Matthews, 1998; Sandoval, 2005; Schwartz et al., 

2004). In Park’s discussion, he compared two ap-

proaches for teaching the NOS and scientific inquiry; 

teaching the NOS through scientific inquiry and 

teaching scientific inquiry through the NOS. In the 

former case, the primary goal is to improve students’ 

understanding of the NOS by encouraging them to 

conduct scientific inquiry. Therefore, scientific inquiry 

is used as a pedagogical tool for enhancing the 

understanding of the NOS. However, “conducting 

scientific inquiry in a more authentic way” has an 

intrinsic value in learning science. Therefore, in the 

latter case, understanding the NOS is viewed as a 

prerequisite condition for achieving an improved 

performance of scientific inquiry. 

For the approach of teaching the NOS through 

scientific inquiry, Park and Kim (2007) developed 

approximately 40 worksheets. According to Park and 

Kim, each worksheet was developed in the context of 

scientific inquiry. Each worksheet identified what 

kind of scientific knowledge, scientific inquiry skills, 

and components of the NOS were involved in the 

process of learning activity. Recently, Park and Kim 

(2008) applied the developed worksheets to a group 

of gifted students. In their article (Park and Kim, 

2008), they reported that many students showed more 

interest in the nature of scientific thinking than in 
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specific scientific knowledge or in interesting inquiry 

activities. They also noted that the students realized 

that understanding the nature of scientific inquiry 

was expected to be helpful for conducting their own 

scientific inquiry. 

This article extends the development of the above- 

mentioned research, by examining the comprehensive 

review of the NOS and the suggested synthetic list of 

the NOS (2007). This article is also concerned with 

the discussion about the link between the NOS (Park, 

under review), and with the development of worksheets 

for teaching the NOS in the context of scientific 

inquiry (Park & Kim, 2007). 

The main concern of this article is related to the 

teaching of scientific inquiry through the NOS. In 

this article, three models are proposed and compared. 

Examples of teaching materials for each model are 

suggested, and various features of each model are 

discussed. 

II. Models for Scientific Inquiry through 

Understanding the NOS

The three models of scientific inquiry through the 

NOS include ‘the reflection model’, ‘the interaction 

model’, and ‘the direct model’. These models vary 

according to the level of appearance and degree of 

detail of the NOS during scientific inquiry. In the 

reflection model, the NOS is embedded and reflected 

in scientific inquiry implicitly. However, an explicit 

introduction, instruction, or explanation of the NOS 

is not provided during scientific inquiry. Nonetheless, 

scientific inquiry activities are designed to reflect the 

main characteristics and aspects of the NOS. 

In the interaction model, concrete interaction be-

tween scientific inquiry and the NOS is specified 

when conducting scientific inquiry activities. There-

fore, when performing scientific inquiry, students are 

asked to investigate and discuss which aspects of the 

NOS are related to their inquiry. 

In the direct model, the NOS is directly introduced 

and instructed at first. Specifically, after comprehending 

the NOS at the first stage of activity, the students 

conduct the scientific inquiry based on their under-

standing the NOS. 

This article does not attempt to provide an empirical 

justification for the proposed models of scientific 

inquiry through understanding the NOS. However, 

ideas and guidance are suggested for the ongoing 

implementation and application of scientific inquiry 

in a more authentic way in schools. Such theoretical 

suggestions are, naturally, based on studies previously 

mentioned (Park 2007; Park, under review; Park & 

Kim, 2007; Park & Kim, under review). It is 

therefore intended that the proposed models in this 

article could be used for developing and designing 

concrete teaching and learning activities or materials 

in a more practical way. 

1. The Reflection Model

In this model, students are not directly required to 

understand the NOS but are required to conduct 

scientific inquiry designed to reflect the features of 

the NOS. Specifically, in the process of scientific 

inquiry, the NOS is not explicitly introduced and 

explained to students. However, the main ideas and 

characteristics of the NOS are reflected and em-

bedded in the inquiry activity (Fig. 1). 

For example, a scientific inquiry activity may be 

designed to encourage students to explore the change 

in scientific knowledge by varying the prior as-

sumptions or initial conditions related to scientific 

knowledge. In this activity, it is expected that 

students will experience the nature of scientific 

knowledge (e.g., scientific knowledge is tentative and 

subject to change) while performing their scientific 

inquiry. For instance, Jansen and Voogt (1998) 

designed a teaching plan for learning about the 

immune system in a biology class by reflecting on 

the developmental nature of scientific knowledge 

through the activities of suggesting, applying, testing 

(checking), and revising a hypothesis. Contrary to the 

traditional approach, where the teacher introduces a 

main theory at first, Jansen and Voogt present a 

problem from the outset (‘How can a virus be 

Fig. 1 Reflection Model



Teaching Models for Scientific Inquiry Activ ity through the Nature of Science (NOS)  761

rendered harmless?’). They then allow students to 

suggest a hypothesis to solve the problem (‘There 

may be an ‘eating cell’ that ingests the virus.’). The 

students then check the error or limit of the hypothesis 

(Can the eating cell also digest the body’s own 

cell?’), propose new problems (‘How can an eating 

cell discriminate between a body’s own cell and a 

virus?’), and revise the original hypothesis (The 

body’s own cell carries a label on the surface, then, 

by recognizing the label, the eating cell does not 

ingest the body’s own cell’), or suggest a new 

hypothesis. New problems can then be generated 

(e.g., ‘A virus can imitate this label’), and successive 

processes of refinement and articulation of the 

hypothesis can be continued. Here, instead of directly 

introducing and explaining the developmental nature 

of scientific knowledge, scientific inquiry has been 

designed so that students can examine and experience 

the process of generation, revision, and development 

of ideas. 

In the reflection model, the important aspect 

becomes the question of how to immerse the features 

of the NOS into scientific inquiry. As a result, the 

model inquires into how students can be facilitated to 

perform authentic scientific inquiry by experiencing 

aspects related to the NOS rather than by directly 

understanding the features of the NOS. 

Fig. 2 shows an example of the use of the 

reflection model. In order to determine the density of 

liquid, students are usually required to measure 

various volumes and masses of liquid and to then 

directly calculate the ratio of mass (M) and volume 

(V) of the liquid. However, in an actual scientific 

inquiry, scientists would search for and detect general 

patterns or regularities among very complex data and 

phenomena. Activities 2 and 3 in Fig. 2 indicate how 

students learn experientially by following a similar 

process to that used in actual scientific inquiry, 

where they are encouraged to experience the process 

of finding a general pattern (as an inductive process) 

among various complex outcomes, including M+V, 

M-V, M×V, and M÷V, rather than to simply calculate 

the density of a liquid by a direct one-way step.

In actual scientific research, scientists would also 

identify and describe the detailed situations and 

conditions that exist when data is obtained (such as, 

Fig. 2 A sample of simple scientific inquiry using the 

reflection model

atmosphere or temperature). These aspects are closely 

related to the tentative nature of scientific knowledge. 

To imitate this in the learning environment, activity 

4 is proposed so that students are made aware of the 

fact that scientific knowledge should be presented 

with initial conditions, assumptions, and auxiliary 

hypotheses. 

In this activity, any direct explanations about the 

nature of induction and the tentative nature of 

scientific knowledge are not given. However, this 

activity is designed to improve the students’ inquiry 

activity by reflecting on the features of the NOS. 

Bell and Linn (2000) and Sandoval and Reiser 

(2004) have documented their research on this 

reflection model. By utilizing rival theories so that 

students would integrate their ideas, Bell and Linn 

(2000) reflected on the nature of scientific know-

ledge, that is, while scientific knowledge depends on 

empirical and theoretical evidence, it can still be 

interpreted in a variety of ways, and scientific inquiry 

is conducted cooperatively. Sandoval and Reiser 

(2004) asked students to use evidence to develop a 

scientific explanation by reflecting on the nature of 

scientific knowledge (e.g., scientific knowledge has 

supporting evidence and evolves through successive 

articulation and refinement), and the nature of scien-

tific inquiry (e.g., experimental data is subject to the 

inclusion of anomalous data.). 

The characteristics of the reflection model are 

considered to be similar to the implicit teaching 

efforts for understanding the NOS by conducting 
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scientific inquiry. This is because researchers designed 

their scientific inquiry based on the sprit of the NOS. 

For example, the work of Cartier and Stewart (2000) 

was based on the nature of scientific knowledge (e.g., 

scientific knowledge is tentative and depends on 

theoretical backgrounds as well as empirical data.). 

They asked students to first construct a simple model, 

to then apply it to other phenomena, and then to 

revise it based on anomalous data. However, even 

though the teaching efforts of Cartier and Stewart are 

similar to the model proposed in this present article, 

they differ in that their intention was to improve the 

understanding of the NOS, rather than to provide an 

authentic performance of scientific inquiry. 

2. The Interaction Model

It has been reported that many implicit teaching 

efforts aimed at enhancing students’ understanding of 

the NOS have showed insignificant improvements 

in their understating the NOS (Abd-El-Khalick & 

Lederman, 2000). In this case, the main ideas of the 

NOS using the reflective model may also not affect 

the performance of students’ scientific inquiry. And 

even though students have a sound understanding of 

the NOS, if they do not realize the relationship 

between the NOS and their scientific inquiry, then 

they may not necessarily be able to apply this un-

derstanding of the NOS to the process of conducting 

scientific inquiry. It is therefore often required to 

encourage students to be aware of which aspects of 

the NOS are important in and related with their 

scientific inquiry and how understadning the NOS 

can assist their inquiry activities (Fig. 3). 

In order to encourage students to achieve this, they 

can be asked during the inquiry activity to answer 

questions that remind them of the features of the 

NOS, to discuss which aspects of the NOS are related 

to their activities, or to respond to the checklist 

describing the relevant contents of the NOS. Carey, 

Evans, Honda, Jay, and Unger (1989) developed 

inquiry activities for helping students to recognize 

Fig. 3 The Interaction Model

the aspects of the NOS. An example of such an 

activity would be a teacher-led discussion focused on 

scientific knowledge as explanatory human constructs 

and the use of experiments to test ideas rather than 

merely discovering them. 

Julie Gess-Newsome (2002), in a pre-service 

teacher’s program, used such an inquiry activity by 

asking teachers to discuss features of the nature of 

scientific inquiry while conducting scientific inquiry 

about a pendulum. While they were finding a way to 

alter the period of the pendulum by varying the 

release point, mass, and length, the teachers discussed 

and defined the terms of the variables and the con-

trolled experiment. When the teachers predicted the 

change of the period of the pendulum before testing 

their results, they differentiated and synthesized the 

terms including guess, prediction, inference, and 

hypothesis. While the teachers interpreted the re-

lationships between variables, they also introduced 

definitions and examples of laws and theories. In this 

activity, the intention to realize an active interaction 

between conducting scientific inquiry and recognizing 

the nature of scientific inquiry was therefore achieved. 

While the basic purpose of the above study was to 

assist students to develop an understanding of the 

nature of scientific inquiry, this type of activity can 

be used to enhance students’ performance of scientific 

inquiry through understanding the NOS. For example, 

when students try to suggest hypotheses from their 

observations, their hypothesis generation activity may 

be improved if we can help students to understand 

the nature of a scientific hypothesis (Park, 2006). 

According to Park (2006), to be a good scientific 

hypothesis, it should be testable and give explanation 

rather than description. And scientific hypothesis can 

be generated using background knowledge and past 

experience by recognizing the similarity between the 

phenomena to be explained and his/her background 

knowledge. Therefore, he suggested a model of 

‘similarity based reasoning’ which can be used as a 

thinking tool to generated new scientific hypothesis. 

Fig. 4 shows an activity designed for this purpose. 

Toth et al. (2002) requested students to reflect on 

the way they conducted their scientific inquiry by 

using a scientific inquiry rubric (checklist), which 

listed aspects of the NOS that are related to methods 
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Fig. 4 Generating hypothesis based on the interaction 

with the NOS

of scientific inquiry. When the students were eva-

luating information they had collected, they were 

asked whether they had considered multiple hypotheses, 

whether they had used data against as well as for 

each hypothesis, and whether they had warranted 

their generalizations, etc. Even though not all the 

contents of this rubric were concerned with the NOS, 

this type of strategy can be used for the interaction 

model. 

Fig. 5 shows a simple example of scientific inquiry 

using a checklist. Fig. 5 includes the simple activity 

of predicting a phenomenon. According to Hempel 

(1965), and Park and Han (2002), scientific prediction 

is a deductive logical conclusion based on two 

premises that consist of general laws and initial 

conditions. Therefore, if students are encouraged to 

realize that searching relevant general laws and 

describing the initial conditions of phenomena is 

essential for predicting a result, and that deductive 

logical thinking is useful for prediction, this guide 

may help students in their predicting activity. 

Specifically, this activity aims at helping students’ 

inquiry activity by reminding them of the nature of 

scientific prediction. Certainly, in other actual scientific 

inquiries, further activities may need to be employed, 

such as generating inquiry problems, identifying 

variables, or designing an experiment to test a 

hypothesis. Therefore, in each activity, a suitable 

checklist needs to be provided in order to guide 

students towards a more authentic inquiry. 

Fig. 5 Simple activity for prediction using a checklist 

When using the interaction model, students are 

required to have a basic understanding of the NOS, 

because direct and explicit explanations about the 

NOS are not provided. Therefore, the interaction 

model can be applied when students have already 

studied the basic features of the NOS in the first 

chapter of the science textbook.

3. The Direct Model

This model consists of two steps. The first step 

provides concrete and explicit activities for enhancing 

students’ understanding of the NOS, while in the 

second step scientific inquiry activities are conducted, 

as shown in Fig. 6. The activities of these two steps 

are, of course, closely related to each other. 

In some cases, students have prior ideas before 

they observe certain natural phenomena. It can there-

fore be expected that students’ observational activities 

may be affected by their prior ideas. In fact, Park and 

Kim (2004) observed that nearly half of the students 

involved in their learning activity distorted their 

observations according to their prediction. In such a 

case, for the first step in scientific inquiry, students 

would need to understand the nature of scientific 

observation, that is, theory-ladenness of scientific 

observation.

It is important to note that this model assumes that 

by providing direct and didactic explanations, the 

teacher will not necessarily assist the students to 

understand the NOS in the first step. Rather, this 

Fig. 6 The Direct Model
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Fig. 7 Example of Activity based on the direct model

model requires that this understanding be acquired 

through the provision of opportunities for students to 

experience and explore the features of the NOS. Fig. 

7 shows an example of an activity based on this 

direct model. 

In the first step shown in Fig. 7, the students 

recognize that observation can differ depending on 

the observer and that it can be affected by the 

observer’s background knowledge. Subsequently, in 

the second step, students are expected to make more 

authentic scientific observations by comparing their 

observations with their prediction and by comparing 

their peer’s observations and predictions. 

The typical Ohm’s Law experiment for obtaining 

the relationship between electric current and voltage 

can be used to provide an example of an activity 

using this model. In this experiment, various scientific 

inquiry skills are required such as, measuring, making 

and interpreting a graph, and drawing a general 

conclusion. This activity also involves several aspects 

related to the NOS. For example, when students are 

interpreting the relationship between electric current 

and voltage, they need to be aware of the nature of 

scientific knowledge, and to understand that ‘scientific 

knowledge often indicates a causal relationship be-

tween variables’. Therefore, in order to help students’ 

Fig. 8 The first step for understanding the causal 

relationship between variables

inquiry activity, an activity that encourages students 

to understand the causal structure of scientific law 

needs to be conducted before the Ohm’s Law ex-

periment in the second step of the direct model, as 

shown in Fig. 8. Specifically, in the second step, a 

discussion about the expression that concerns the 

causal relationship between electric current and 

voltage can help students develop their understanding 

of Ohm’s Law in a more authentic way. 

In the first step of the direct model, many teaching 

methods and strategies can be applied, which are 

used in an explicit approach for enhancing students’ 

and teachers’ understanding of the NOS. Fore 

example, Lederman and Abd-El-Khalick (1998) de-

veloped various activity-based explicit teaching ideas 

for the instruction of the NOS. Akerson et al. (2000) 

observed that, when using these ideas, many under-

graduate and graduate pre-service teachers improved 

their understanding of the NOS. For example, 

students were asked to answer a range of questions 

related to the illustration shown in Fig. 9. These 

questions included ’What do you observe?’, ‘Can you 

see the birds?’, ‘How can you tell that these tracks 

are left by birds?’ and ‘What do you infer (from your 

observation)?’ This activity helped the students to 

Fig. 9 Figure used by Lederman and Abd-El-Khalick 

(1998)
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realize the difference between observation and in-

ference by experiencing that a range of results could 

be drawn from the same evidence. 

Here, the important point is that the content in the 

first step related to the NOS should be closely related 

to the scientific inquiry in the second step. Therefore, 

exploring and understanding the features of the NOS 

in the first step should help students to perform 

scientific inquiry in a more authentic way. 

III. Conclusion and Further Studies

Scientific inquiry may be viewed as an essential 

learning tool or strategy for enhancing scientific 

literacy, empowering conceptual understanding, helping 

the comprehension of the NOS, and encouraging 

scientific attitude and interests. Therefore, considering 

how we can help students to conduct scientific 

inquiry in a more authentic way must be one of the 

main goals of science education. The teaching 

models proposed in this study are directed towards 

improving the quality of scientific inquiry by re-

flecting the spirit of the NOS. The three proposed 

models outlined in this article are categorized accor-

ding to the degree of explicitness with which they 

treat the NOS during the process of scientific inquiry. 

Because there is no explicit and direct introduction 

and teaching of the NOS in the reflection model, this 

model can be applied to revise ordinary scientific 

inquiry activities in science textbooks. As mentioned 

earlier, many scientific inquiry activities in science 

textbooks need to be further articulated because they 

are either not designed to consider the NOS or the 

aspects of the NOS are treated inaccurately (Hodson, 

1988; Chinn and Malhotra, 2002). By merging the 

features of the NOS into scientific inquiry, it is 

expected that students will be able to conduct scien-

tific inquiry activity in a manner that more closely 

resembles actual scientific research and is more 

suitable to the spirit of science. 

In the case of the interaction model, more active 

interventions are used, such as providing guidance, a 

checklist, or comments for reminding students of the 

features of the NOS related to their scientific inquiry 

activity. These interventions should certainly be de-

signed to help students conduct inquiry activities in a 

more authentic way. However, because the interaction 

model does not provide direct teaching and detailed 

explanations of the NOS, students are required to 

have a basic understanding of the NOS before per-

forming scientific inquiry. Therefore, the interaction 

model is adequate when textbooks that provide a first 

chapter related to the learning of the NOS. Learning 

the NOS in the first chapter does not usually 

guarantee the active link between features of the 

NOS and the performance of scientific inquiry 

included in later chapters of the textbook. Then, the 

interaction model can be used to encourage students 

to recall, realize, and relate aspects of the NOS to 

their inquiry activities. 

The direct model basically involves the sequential 

connecting of the NOS to scientific inquiry. In this 

model, two goals coexist: to explicitly understand the 

NOS and to conduct scientific inquiry. To achieve 

this, many explicit teaching materials, ideas, and 

strategies for improving the students’ understanding 

of the NOS can be utilized for the first stage of the 

direct model. This model would be appropriate where 

there is no independent chapter in the textbook for 

teaching the NOS, and where teachers require that 

their students directly understand the features of the 

NOS. 

This article provides a foundation for a larger 

project concerning the teaching of scientific inquiry 

in schools. Therefore, more concrete activity materials 

that use these three models for scientific inquiry 

through the NOS, need to be developed and im-

plemented for use in actual teaching in schools. In 

order for these activities to be applied in existing 

learning situations, concrete teaching and learning 

materials may be required to have the traditional 

format of a 40-50 minute activity in the usual school 

context. Alternatively, these activities may be project- 

based, requiring several weeks or months. When 

developing a new scientific inquiry activity through 

the NOS, we also need to consider various conditions 

such as the students’ intellectual levels, their interests, 

motivation, and background knowledge, etc. When 

implementing these models, it is also required to 

investigate, analyze, and understand students’ actual 

responses and mental processes. Students may act 

differently than the way we expect. Specifically, they 
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may have different ways of recognizing the goal of 

an inquiry activity, or they may proceed with un-

expected thinking processes from what we assume, 

and may be interrupted by unknown limiting factors. 

Therefore, based on these studies, the three models 

outlined in this article may be refined and modified,.

In addition to the variety of factors that influence 

students’ responses, factors influencing teachers’ 

actions should also be considered in the effective 

teaching of scientific inquiry. In some circumstances, 

science teachers may not have an appropriate under-

standing of the NOS, or they may not have concrete 

examples or ideas for teaching the NOS. Alternatively, 

they may not believe that there is a special need to 

apply a new approach, even though they may have a 

relevant understanding of the NOS and may have 

relevant ideas for the teaching of the NOS. In order 

to achieve a successful implementation of these mo-

dels, teachers are required to have content knowledge, 

pedagogical content knowledge, and an enthusiasm 

for teaching. Therefore, we also need to ensure that 

new models of scientific inquiry are utilized in the 

teachers’ in-service training program. More authentic 

teaching and learning of scientific inquiry may then 

be expected. 
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