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ABSTRACT 

 In spite of the strong emphasis on teaching science as inquiry in the science 

education community, very little inquiry-based teaching is taking place in actual K-12 science 

classrooms. One of the reasons for this deficiency may be ascribed to the lack of experience 

that teachers have with authentic scientific inquiry in the course of their own education. This 

paper addresses a need for providing beginning teachers with authentic inquiry experiences as 

well as subsequent instruction that links their experiences to teaching situations. It is argued 

that teacher education programs should include these two components so that teachers may 

better develop the knowledge and skills necessary for teaching science as inquiry. Two areas 

of research literature are reviewed: scientific inquiry and the use of technology to enhance 

teachers‟ understanding of scientific inquiry. Through the literature review, this paper 

develops a rationale for examining the effectiveness of a teacher preparation program that 

makes use of a programmable data-collecting device as a tool to enhance teachers‟ 

understanding of scientific inquiry. 
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INTRODUCTION TO THE PROBLEM 

The National Science Education Standards (NSES) (National Research Council 

[NRC], 1996) emphasize clearly the importance of scientific inquiry in K-12 science 

education. The overview to the standards states that “inquiry is central to science learning” (p. 

2). The NSES envision inquiry-based science classrooms in which students actively develop 

their understanding of science by combining scientific knowledge with reasoning and thinking 

skills. Based on the idea that students‟ learning is greatly influenced by how they are taught, 

the NSES also describe in detail strategies for inquiry-based teaching. The NSES call for 

dramatic changes in science education in school systems, and advocate inquiry-based learning 

and teaching for students and teachers in the United States. 

Professional science societies and the science education research community have 

been responding to this call. The National Research Council (2000) describes examples of 

inquiry-based science practices that are to be found in K-12 classrooms. A number of 

inquiry-based curricula and projects have been developed for elementary and secondary 

science (Chinn & Malhotra, 2000). Research studies examining various aspects of scientific 

inquiry in science education have been conducted to help teachers and educators to envision 

what scientific inquiry is and how it can be incorporated into contemporary educational 

contexts (Flick & Lederman, 2004; Minstrell & van Zee, 2000). 

In spite of the emphasis on scientific inquiry in the science education research 

community, it has been pointed out that very few inquiry-based lessons are taking place in 
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actual science classrooms (Lotter, 2004; Reiff, 2002; Simmons et al., 1999). Teachers are 

often central figures who transmit definitions and facts in a didactic manner. Students are 

typically busy looking for „the right answers‟ by checking their textbooks (Roehrig & Luft, 

2004). Laboratory work is often described in a cookbook style, where every step of the 

experiment is given and students are expected to follow precisely what they read or are told 

(McComas, 2005; Singer, Hilton, & Schwiengruber, 2006). It appears that teachers are not 

translating the guidelines for inquiry-based teaching in the NSES into their own classroom 

practice. If teachers are not teaching science concepts through inquiry, then students have little 

opportunity to experience learning science through inquiry in their science classrooms. 

Scientific inquiry is regarded as the heart of science education because inquiry helps 

students to develop deeper understanding of scientific concepts (NRC, 1996). Students 

construct their own understanding of scientific ideas when they make sense of what they are 

learning (Bybee, 2000; Krajcik, Blumenfeld, Marx, & Soloway, 2000). Through the active 

process of inquiry, students are expected to develop “the knowledge and understanding of 

scientific concepts and processes required for personal decision making, participation in civic 

and cultural affairs, and economic productivity” (NRC, 1996, p. 22). However, if very little 

inquiry-based teaching is taking place, it seems self-evident that the science classroom will 

not be a place for students to develop understanding of scientific concepts through their own 

meaning-making processes. 

One of the reasons for the lack of inquiry-based teaching in science classrooms may 
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be ascribed to the limited experience that teachers have had during their own science 

education. Even while studying for undergraduate degrees in science, science teachers in 

general have little chance to engage in open-ended explorations (NRC, 2000). College 

introductory courses in science departments are typically loaded with routine attendance to 

lectures and problem-solving exercises. Laboratory activities that are required in 

undergraduate courses are mostly focused on the verification of stated notions with sets of 

given materials (McDermott & DeWater, 2000). While teachers who hold master‟s degrees in 

science have probably engaged in autonomous inquiries, teachers who have master‟s degrees 

in science education normally do not experience scientific investigations in their education 

courses (McDermott & DeWater). As a consequence, many teachers have not been given 

opportunities for experiencing authentic scientific inquiry. 

It should not be thought, however, that inquiry experiences instantly make a science 

teacher competent in teaching inquiry-based lessons. If they do, any scientist could 

successfully conduct inquiry-based teaching. When science teachers are given opportunities to 

engage in authentic inquiry, what they need next is to transform their inquiry experiences into 

forms that are useful for student learning. This transformed knowledge is called pedagogical 

content knowledge (PCK) (Schulman, 1986), and is a crucial component in teaching 

(Gess-Newsome, 1999). Teachers need to reflect on how their understanding of a particular 

topic has evolved and try to identify what are the critical issues that need to be addressed with 

students for meaningful learning to occur (McDermott & DeWater, 2000). 
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A number of programs have been developed to provide in-service and pre-service 

teachers with authentic scientific inquiry experiences (Crawford, Zembal-Saul, Munford, & 

Friedrichsen, 2004; NRC, 2000). These programs mainly aim to develop teachers‟ abilities 

and understanding of scientific inquiry. They often incorporate features such as field work in 

science settings at excavation sites or science museums, or collaboration with university 

faculty in research laboratories (NRC, 2000). More recently, the use of various technologies to 

enhance teachers‟ understanding of the nature of scientific inquiry is being explored. 

The potential for developing scientific knowledge through the use of technology was 

first explored by Seymour Papert (1980). Through his observations of students‟ activities, 

Papert realized that students change their way of thinking when they engage in computer 

programming to explore their own questions. He argued that students deepen their 

understanding of scientific concepts when they actually design and construct their own 

projects (Papert, 1993). Papert‟s work has evolved and joined into a broader research field in 

which various technologies, such as hand-held computers with sensitive probes, modeling, or 

World Wide Web, are used for educational purposes (Novak & Krajick, 2004). One of the 

technological products developed in Papert‟s group is a device called Handy Cricket (Martin, 

Mikhak, & Silverman, 2000). The Cricket is a fully programmable portable device that can be 

used in robotics by attaching motors, lights, and sensors. Resnick, Berg, and Eisenberg (2000) 

initiated the use of Cricket in order to impact students‟ understanding of the nature of 

scientific inquiry. Crickets can also be used as a tool to collect data for testing various 
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scientific ideas by attaching different sensors. 

Martin and Greenwood (2007) embedded the Cricket technology in a teacher 

preparation program. The researchers conducted a preliminary study on the effect of 

beginning teachers‟ awareness of the nature of scientific inquiry through the exploration of 

their own scientific questions with the Handy Cricket. Their results indicated a significant 

impact on teachers‟ awareness of the nature of scientific inquiry. When the teachers actually 

experienced generating questions, collecting data, and interpreting the data, they became more 

cognizant of the fact that science is not a simple process and involves various aspects that are 

not normally described in textbooks. For example, the teachers learned that they themselves 

had to look carefully at their data points in order to make sense of what happened in their 

experiments. 

Unfortunately, Martin and Greenwood (2007) did not document the change in 

teachers‟ perceptions in detail and no data are available to investigate how and in what aspects 

the teachers‟ views toward scientific inquiry have been impacted. Moreover, their teacher 

preparation program did not include a component that helps teachers transform their inquiry 

experience into forms that are useful for teaching science through inquiry. Therefore, the 

focus of the present study will be on the change of teachers‟ understanding of the nature of 

scientific inquiry when they go through a teacher preparation program that provides them with 

authentic inquiry experience with the Cricket as well as instructions that help them develop 

their PCK for planning inquiry-based lessons. 
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The Problem 

The problem this paper will address is the continuing lack of emphasis on scientific 

inquiry in many science classrooms. One factor contributing to this may be that K-12 science 

teachers have not themselves experienced scientific inquiry. It is suggested that teachers need 

to engage in an authentic inquiry experience and transform their experience into forms that are 

useful for inquiry-based teaching if they are to better understand the nature of scientific 

inquiry advocated in the National Science Education Standards (NRC, 1996). Specifically, the 

paper focuses on how effective the use of a programmable data-collecting device called the 

Handy Cricket will be for the purpose of enhancing pre-service and novice teachers‟ 

understanding of scientific inquiry in a teacher preparation program. Particular attention is 

placed on the need to integrate an authentic inquiry experience facilitated by the use of new 

technology, with instructions that aim to help teachers transform their inquiry experiences into 

appropriate PCK for inquiry-based teaching. This problem is significant for K-12 science 

education because it may suggest a new direction for developing teachers‟ understanding of 

inquiry during their teacher preparation program. 

Pertinent Areas of Research 

The areas of research pertinent to this problem are: 

Scientific inquiry 

The relationship between teachers‟ subject matter knowledge, pedagogical content knowledge 

and their understanding of the nature of scientific inquiry 
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Constructionism and the use of technology to enhance understanding of scientific inquiry 

For the purpose of this paper the following two strands will be reviewed in depth: 

Scientific inquiry 

Use of technology to enhance understanding of scientific inquiry 

REVIEW OF RESEARCH LITERATURE 

Two areas of research literature are used to develop a rationale for a proposed study. 

The first part of the literature review is devoted to the examination of research studies in the 

area of scientific inquiry. Three perspectives will be discussed: (a) meanings of scientific 

inquiry, (b) importance of scientific inquiry, and (c) practices of scientific inquiry. This section 

will conclude by examining research studies that suggest that teachers who have not had both 

experiences with authentic inquiry in their own course of education and appropriate PCK for 

teaching inquiry-based lessons may have difficulty in teaching scientific concepts through 

inquiry. 

Providing teachers with opportunities for inquiry experiences together with 

opportunities for developing appropriate PCK is a logical solution for the above problem. 

PCK is commonly recognized as a synthesis of subject matter knowledge and general 

pedagogical knowledge (Gess-Newsome, 1999). Inquiry-based science teaching, in particular, 

requires that teachers integrate multiple knowledge domains actively for planning and 

conducting effective lessons (NRC, 1996). It is therefore necessary for researchers to examine 

how different knowledge domains are integrated in order to develop appropriate PCK for 
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inquiry-based teaching. The discussion of the relationships between the knowledge domains 

necessary for teachers‟ understanding of scientific inquiry is an important issue for the present 

problem. However, because of the limited format of this paper, it is not discussed here. 

The second area of the literature review examines research that discusses the use of 

technology in developing teachers‟ and students‟ understanding of the nature of inquiry. In 

particular, it focuses on: (a) the effectiveness of the use of technology in developing 

understanding of nature of scientific inquiry, and (b) practices that have been utilized in 

education programs for science teachers. The term „constructionism‟ is introduced as a 

philosophical framework in this research area.  

Each area of research is discussed thoroughly to illustrate the importance of the 

proposed study and the need for research related to the research problem addressed in this 

paper. 

Scientific Inquiry 

Definitions 

The National Science Education Standards (NRC, 1996) use the term „inquiry‟ in two 

ways: (i) to describe students‟ activities by which they come to understand science, and (ii) to 

depict the teaching strategies associated with such activities (Bybee, 2000). The two 

definitions of inquiry are discussed separately. 

 Inquiry as student activity 

The NSES define the term „inquiry‟ as the following: 
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Scientific inquiry refers to the diverse ways in which scientists study the natural 

world and propose explanations based on the evidence derived from their work. 

Inquiry also refers to the activities of students in which they develop knowledge and 

understanding of scientific ideas, as well as an understanding of how scientists study 

the natural world (NRC, 1996, p. 23). 

This definition makes it clear that scientific inquiry is the scientists‟ ways of knowing the 

natural world. Scientific inquiry in science education also means activities of students. 

Students employ scientific inquiry in order to develop their understanding of scientific 

concepts in science classrooms. To distinguish the scientists‟ ways of knowing from the 

activities of studnets, the former is often referred as „authentic scientific inquiry‟ (Chinn & 

Malhotra, 2000). This use of the term is adopted in this paper. 

The content standards of the NSES (NRC, 1996) describe scientific inquiry in terms 

of two components: abilities necessary to do scientific inquiry and understanding about 

scientific inquiry. Students should develop these abilities and understanding as the result of 

their activities during K-12 science education. At the end of the 12th grade, students should be 

able to conduct complete scientific inquiries by identifying questions, designing and 

conducting their investigations, using technology and mathematics, formulating their 

explanations, recognizing alternative explanations, and communicating their findings. It 

should be noted that abilities of scientific inquiry include not only process skills of doing 

tasks materially, but also cognitive skills of critical thinking and reasoning (Bybee, 2000). 
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As for developing students‟ understanding about the nature of scientific inquiry, the 

NSES (NRC, 1996) describe that by the end of the 12th grade, students should know that 

conceptual principles guide scientific inquiries, that scientists conduct investigations for a 

variety of reasons, that technology and mathematics are essential in scientific inquiry, that 

scientific explanations must be supported by logic and evidence, and that the results of 

scientific inquiry emerge from different types of investigations. In short, students should 

develop knowledge about authentic scientific inquiry as a result of their K-12 science 

education. 

Inquiry as teaching strategies 

One of the assumptions on which the teaching standards of the NSES (NRC, 1996) 

based is that “what students learn is greatly influenced by how they are taught” (p. 28). 

Therefore, the NSES provide a comprehensive perspective for science teachers who actually 

teach students science lessons. The teaching standards of the NSES describe guidelines for 

teachers to follow in order to implement effective inquiry-based lessons. For example, 

Teaching Standard A describes how teachers should plan inquiry-based lessons, while 

Teaching Standard B describes how to guide and facilitate students through their inquiry 

processes. 

It is important to note that the NSES (NRC, 1996) does not recommend a single 

approach to teaching science. Instead, the NSES advocate the use of diverse teaching 

strategies: 



 13 

Although the Standards emphasize inquiry, this should not be interpreted as 

recommending a single approach to science teaching. Teachers should use different 

strategies to develop the knowledge, understandings, and abilities described in the 

content standards. Conducting hands-on science activities does not guarantee inquiry, 

nor is reading about science incompatible with inquiry. (p. 23) 

The NSES state clearly that inquiry-based teaching does not mean a single teaching method or 

strategy. Teachers should combine and use various instructional strategies in order to make 

students engage in learning science through inquiry. While hands-on activities may increase 

the probability of more engaged learning (NRC, 2000), the NSES insist that they are neither 

sufficient nor necessary for inquiry-based learning of scientific concepts. 

 In this context, it is important to note that the NRC (2000) provides a working 

definition of scientific inquiry for the purpose of giving teachers a clearer idea about what 

scientific inquiry means in a classroom. The working definition consists of five essential 

features of classroom inquiry, but classroom inquiry does not necessarily encompass each one, 

resulting in different levels of inquiry as indicated in the table of „essential features of 

classroom inquiry and their variations‟ (NRC, 2000) (see Table 1). Depending on the amount 

of structure, guidance, and coaching that the science teacher provides for students, the 

inquiry-based classroom practice can range from the most student-directed open inquiry to the 

lesser student-directed guided inquiry and the most teacher-directed structured inquiry 

(Colburn, 2004). 
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 Inquiry-based teaching is not a specific teaching approach prescribed in the standards. 

A broad range of instructional strategies should be included for inquiry-based teaching. It is 

the teachers who must select appropriate strategies for their classrooms in order to develop 

student knowledge and understanding of scientific ideas effectively through inquiry.  



 15 

Table 1 

Essential Features of Classroom Inquiry and Their Variations 

Essential Feature    Variations 

1. Learner 

engages in 

scientifically 

oriented 

questions 

Learner poses a 

question 

 

 

Learner selects 

among questions, 

poses new 

questions 

 

Learner sharpens 

or clarifies 

question provided 

by teacher, 

materials, or other 

source 

Learner engages in 

question provided 

by teacher, 

materials, or other 

source 

2. Learner gives 

priority to 

evidence in 

responding to 

questions 

Learner determines 

what constitutes 

evidence and 

collects it 

Learner directed 

to collect certain 

data 

Learner given data 

and asked to 

analyze 

Learner given data 

and told how to 

analyze 

3. Learner 

formulates 

explanations 

from evidence 

Learner formulates 

explanation after 

summarizing 

evidence 

Learner guided in 

process of 

formulating 

explanations from 

evidence 

Learner given 

possible ways to 

use evidence to 

formulate 

explanation 

Learner provided 

with evidence 

4. Learner 

connects 

explanations to 

scientific 

knowledge 

Learner 

independently 

examines other 

resources and forms 

the links to 

explanations 

Learner directed 

toward areas and 

sources of 

scientific 

knowledge 

Learner given 

possible 

connections 

 

5. Learner 

communicates 

and justifies 

explanations 

Learner forms 

reasonable and 

logical argument to 

communicate 

explanations 

Learner coached 

in development of 

communication 

Learner provided 

broad guidelines to 

use to sharpen 

communication 

Learner given steps 

and procedures for 

communication 

More -----------------Amount of Learner Self-Direction------------------------------- Less 

Less ---------- Amount of Direction from Teacher or Material --------------------- More 

 

Note. From Inquiry and the National Science Education Standards: A Guide for Teaching and 

Learning (p. 29), by National Research Council, 2000, Washington, DC: National Academy 

Press. Copyright 2000 by the National Academy of Science. 
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Importance of Scientific Inquiry in K-12 Science Education 

Schwab (1962) argued that school science has departed from the science that 

scientists do, and that the situation has to be changed to cognize “science as a product of fluid 

enquiry” (p.5). Since Schwab, there has been a renewed emphasis on the importance of 

teaching science through inquiry (American Association for the Advancement of Science 

[AAAS], 1990; 1993; Bybee, 2000). The idea of teaching science as inquiry was firmly 

established in the National Science Education Standards in 1996. 

The NSES (NRC, 1996) argue that students can actively develop their understanding 

of scientific concepts when they are engaged in inquiry. The addendum by the NRC (2000) 

provides images of inquiry in K-12 classrooms in the form of vignettes. The students are 

portrayed as deepening their understanding of scientific concepts and learning to think 

logically and critically about the world around them in the inquiry-based learning 

environment. Opinions that support the effectiveness of inquiry-based teaching are plenty. For 

example, Colburn (2004) states that “by prompting students to come up with their own 

answers, inquiry-based instructions lead to a deeper understanding of scientific concepts” (p. 

63). Krajcik et al. (2000) state that “inquiry promotes development, transformation, and 

representation of ideas and helps learners understand how knowledge is generated in different 

disciplines” (p. 284). However, research into whether inquiry-oriented teaching really results 

in a higher level of student understanding of science is equivocal. For example, Shymansky, 

Kyle, and Alport (1983) reported effectiveness of 27 inquiry-based curricula in elementary, 
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middle, and high schools through their systematic analysis of research studies. However, in a 

research study led by Shymansky, Yore, and Anderson (1999), no significant effect was found 

on academic achievement of 976 grade 3 and 4 students as a result of a major reform project 

in elementary science in the Iowa City Community School District. Von Secker and Lissitz 

(1999) conducted a statistical analysis of the data obtained from the 1990 National Education 

Longitudinal Study. For the sample of 7,642 grade 10 students, they found no evidence that 

instructional practices that emphasize critical thinking are associated with significant 

differences in student academic achievement. 

The NSES (NRC, 1996) also argue that engaging students in inquiry helps them to 

develop an understanding of the nature of science. On this point also, research evidence is 

insufficient. Sandoval and Morrison (2003) found that 87 high-school students did not show a 

significant change in their understanding of the nature of science over the course of a 

four-week intervention of an inquiry-based biology unit. Moss, Abrams, and Kull (1998) 

conducted a qualitative research study on seven high school students. They found that a series 

of inquiry-based projects in an integrated science course over an entire school year did not 

help them to develop their understanding of the nature of science.  

It may not be surprising to find that research evidence is inconclusive, considering 

that there are a number of factors influencing the process of evaluating inquiry-based teaching 

(Harlen, 2004). For example, the level of student achievement may be influenced by the 

length of time during which an inquiry-based program has been implemented. A research 
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method assessing long-term effects or immediate changes may also influence the findings. In 

fact, the National Research Council called for a meeting on the status of evaluation of 

inquiry-based science in 2004 (NRC, 2004). The purpose of the meeting was to build a 

framework for evaluating the effectiveness of inquiry-based science programs. 

At the present point, this researcher has not yet uncovered enough evidence for the 

effectiveness of inquiry-based teaching. More examination of the literature will be required. 

Using Scientific Inquiry in the Classroom 

 In spite of the emphasis on the importance of teaching science as inquiry in the 

standards (NRC, 1996), research literature suggests that very little inquiry-based teaching is 

taking place in classrooms. In a large-scale study involving 116 beginning secondary teachers, 

Simmons et al. (1999) found only 10% of them implemented student-centered inquiry-based 

instruction in their first year of teaching. Roehrig and Luft (2004) found that only four 

teachers out of 14 beginning secondary science teachers in their study were implementing 

guided inquiry lessons. In contrast, they identified eight of them as traditional teachers who 

asked students to find the right answers through textbook readings and laboratory exercises. 

Lotter (2004) reported that only three out of 13 secondary pre-service teachers in her study 

observed an inquiry-based lesson during their classroom observation hours in their teacher 

preparation program. 

 In school-science laboratories, inquiry-based teaching is seldom taking place as the 

committee organized by the National Research Council describes in their report (Singer, 
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Hilton, & Schwiengruber, 2006). The report states that in most of high school science 

laboratories today, “instead of focusing on clear learning goals, teachers and laboratory 

manuals often emphasize the procedures to be followed, leaving students uncertain about what 

they are supposed to learn” (p. 133). McComas (2005) further contends that school laboratory 

exercises are typically „cookbook‟ type and aimed to verify classroom content that is already 

discussed. 

One of the reasons for the lack of inquiry-based instruction in today‟s science 

classrooms may be ascribed to the limited experiences that the teachers have with inquiry 

during their course of their own education. For example, one of the elementary pre-service 

teachers in a study conducted by Reiff (2002) wrote in the reflection that “I did not have much 

experience with inquiry throughout my schooling. I know most of my science classes in junior 

high and high school consisted of looking up a definition and answers to questions” (p.7). 

Many of the elementary pre-service teachers in Reiff‟s study expressed their fears about 

inquiry-based teaching because of their limited exposure to scientific inquiry. One of them 

wrote that “The question of inquiry is not an easy one. My lack of experience coupled with 

my limited exposure has left me questioning the entire method” (p. 6). 

On the other hand, it seems that when teachers had experience working as a scientist, 

they had less difficulty with inquiry-based teaching. Crawford (1999) reports that a secondary 

pre-service teacher in her case study did not find difficulty in planning inquiry-based biology 

activities because of the 10-year experience the teacher had as a research technician. This 
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teacher had a strong desire to engage students in scientific investigations because that was the 

way she experienced science. She also had appropriate knowledge and understanding about 

choosing activities for investigating a specific topic of the subject. 

As a matter of fact, research studies show that inexperienced teachers feel more 

confident about inquiry-based teaching after they had an inquiry experience by themselves. 

For example, a high-school physics teacher who had initial reservations about teaching 

through inquiry changed his view toward inquiry after he had gone through a three-year 

master‟s program, in which he was involved in a long-term inquiry project (NRC, 2000). In 

another episode provided by the NRC, an elementary teacher who participated in a 

university-based professional development program every summer wrote, “How does one 

begin to develop some expertise in these strategies we call inquiry? For me, I can only 

suppose that it began by reflecting upon my personal experiences” (p. 97). 

The necessity of involving teachers in the experience of active scientific 

investigations is clearly advocated in the National Science Education Standards (NRC, 1996). 

The Professional Development Standard A for science teachers in the NSES advocates that 

science teachers of all levels must develop their scientific content knowledge through their 

inquiry experiences. By acquiring scientific knowledge through inquiry, teachers can have the 

same opportunities as their students will have in the process of developing understanding of 

science in the classroom. In addition to subject matter knowledge, what teachers themselves 

must develop in the inquiry process are the abilities and understanding of how to conduct a 
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scientific investigation. 

Standard B for professional development in the NSES (NRC, 1996) advocates that 

teachers must learn to integrate scientific knowledge with knowledge about learning, 

pedagogy, and students. This special knowledge is called pedagogical content knowledge 

(PCK) (Shulman, 1986), and its possession distinguishes science teachers from scientists. 

Teachers must transform subject matter knowledge into forms that are useful for students to 

build their own subject matter knowledge. Crawford (1999) found that the biology pre-service 

teacher in her study who had research experience had difficulty in managing the classroom 

because of her lack of teaching experience. Some of the activities that the pre-service teacher 

skillfully planed for the topic were not at an appropriate level of the students. Crawford‟s 

finding suggests that PCK for inquiry-based lessons is not a direct product of teachers‟ inquiry 

experiences. It is rather a synthesis of knowledge about content and teaching that novice 

teachers must develop through teacher preparation programs and subsequent teaching 

experiences.  

From the descriptions of the NESE (NRC, 1996), it becomes clear that besides 

general pedagogy, inquiry-based science teaching requires teachers to develop the following 

kinds of knowledge and skills. First of all, teachers should have solid scientific content 

knowledge. Second, specifically in their content knowledge, they should have the abilities 

necessary to conduct scientific inquiry as well as understanding of how authentic scientific 

inquiry is conducted. Third, they should possess PCK for inquiry-based lessons. In order to 
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become competent in teaching science as inquiry, teachers must gain these kinds of 

knowledge through their education. The first two kinds of knowledge should be developed 

through teachers‟ own inquiry experiences (NRC). The last kind of knowledge, PCK for 

inquiry-based teaching, should be developed through teacher preparation programs based on 

their inquiry experiences (Crawford, Zembal-Saul, Munford, & Friedrichsen, 2005). 

Incidentally, Roehrig & Luft (2004) found that an understanding of the nature of scientific 

inquiry, content knowledge, and PCK were three of the five factors that they identified 

impacting inquiry-based teaching of the beginning teachers. 

Summary 

 Inquiry-based teaching is important because it has the potential for helping students 

to develop deeper scientific understanding. The National Science Education Standards (NRC, 

1996) advocate its importance strongly. However, in actual classrooms very little 

inquiry-based teaching is taking place. It seems as if teachers have difficulty in translating 

what the standards say into teaching practices. Research studies suggest that one of the 

reasons for this difficulty may be the lack of inquiry experience that teachers have in the 

course of their own education. As a result, many beginning teachers do not have a general idea 

of what inquiry looks like, let alone skills and knowledge of teaching inquiry-based science 

lessons. 

Literature suggests that providing opportunities for inquiry experiences, followed by 

instruction that helps teachers transform their experiences into appropriate PCK may improve 
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their understanding about scientific inquiry. Literature also suggests that many professional 

development programs have been developed and implemented for the purpose of giving 

science teachers inquiry experience. One of the approaches developed recently for teacher 

educational programs is the use of technology in inquiry projects. Research studies in this area 

will be discussed next. 

Using Technology to Enhance Understanding of Scientific Inquiry 

Effectiveness of the Use of Technology in the Inquiry-Based Science Classrooms 

 The use of technology for the purpose of promoting learners‟ understanding of the 

nature of scientific inquiry did not start in teacher preparation programs; rather, it started in 

order to help children develop a deeper understanding of scientific concepts. Seymour Papert 

(1980) argues that children can change their way of thinking when they engage in computer 

programming. He developed a simple programming language called Logo. The simplicity of 

the language allows children to write their own programs. Papert found that children could 

come up with new ideas when they engaged in writing their own Logo programs, for example, 

to draw line graphics with an on-screen curser called “turtle”. He further developed his idea of 

learning by construction into a theory called “constructionism” (Papert, 1993). He advocates 

that children deepen their understanding of scientific concepts when they build a real-world 

concrete structure in addition to a mental image in their head. Papert encourages children to 

engage in actively designing their own projects. His book describes a number of children who 

benefit from the constructionist approach, for example, by designing a doll house with 
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blinking lights or a Lego motor that travels when it vibrates. 

 Since Papert, the idea of using technology to promote learning has evolved into a 

broader field (Novak & Krajick, 2004). Notably, it has included the idea of using 

microcomputer-based activities to foster scientific inquiry. Resnick, Berg, and Eisenberg 

(2000) initiated the use of a small programmable device called the Handy Cricket for 

educational purpose. The Cricket is a fully programmable portable device which can control 

motors, lights, and data-collection from sensors (Martin, Mikhak, & Silverman, 2000). A user 

can write a Cricket Logo program and download it from a desktop computer to the Cricket 

through the infra-red transceiver. The data can be collected away from the computer and 

uploaded to the computer through the transceiver for an analysis. In the case study conducted 

by Resnick et al. three elementary students designed and constructed their own projects using 

the Cricket. The researchers found that the students engaged deeply in their projects. The 

students experimented with different designs to test their hypotheses. The freedom of writing 

their own programs allowed them to conduct a personalized analysis of data, and the children 

generated various explanations of the phenomena. The findings showed evidence of critical 

thinking and development of process skills for scientific inquiry. 

 The use of portable data-collecting devices allows students to investigate science 

outside the classroom, where they can find problems connected to the real world. Tinker 

(2001) argues that the use of the portable technology allows students to deepen their 

understanding of the real-world phenomena by reflecting on the data they actually collect at 



 25 

the site of the investigation.  

In addition, the use of computer technology can assist students‟ inquiry processes in a 

way that would not be possible without it (Novak & Krajick, 2004). The use of probes 

attached to a computer allows students to collect data that cannot be easily measured with 

ordinary tools. For example, the Cricket can measure light or temperature every half a second 

for 20 minutes. The Cricket can be also programmed to collect data once every minute for 40 

hours. Both of these measurements are difficult to do with a thermometer, a stop watch, a pen 

and paper. The computer-based data analysis further allows students to see the data in a graph. 

Graphs assist children to grasp the meaning of the data and generate in-depth understanding of 

physical phenomena (Linn, Layman, & Nachmias, 1987). 

Krajick and Starr (2001) reported that the use of portable technology in a middle 

school science class enhanced student conceptual understanding about water quality. In their 

study, 71 seventh grade students who participated in the project measured pH, temperature, 

and other variables in the nearby stream with probes attached to the hand-held computer. The 

researchers found that the students showed a significant gain in their conceptual achievement 

test scores and that their concept maps revealed their integrated understanding about scientific 

concepts of water quality. 

 Metcalf and Tinker (2004) found the effectiveness of their technology-based middle 

school science curriculum. A total of 149 students and 7 teachers participated in the 10-week 

implementation of the Transfer of Energy unit, which involved student use of hand-held 
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computers called Palms and probes. The researchers found that the mean of the achievement 

test scores increased in all the teachers‟ classes. 

 Compared to the hand-held computers that were used in the above research studies, 

the Cricket is a primitive device. The user has to write a Logo program on a computer, and 

download it to the Cricket. When the user finishes collecting data, he/she has to upload the 

data, save the data, and open the data file with a spread sheet so that he/she can see the data on 

a graph. It is true that the use of Crickets requires users more steps in the data processing than 

the use of, for example, a Palm hand-held computer with a Vernier sensor. However, the 

primitiveness of Crickets can offer users opportunities for developing a sense of conducting 

an active investigation. Crickets also give the users opportunities for understanding what a 

data collection in an authentic inquiry looks like by requiring to create their own 

data-collecting protocols (Martin & Greenwood, 2007). It should also be noted that Crickets 

are much more inexpensive than hand-held computers. This last feature of Crickets is 

important when one considers a possibility of providing a Cricket for each student and 

allowing students to take it home for data collection. 

Using Technologies in Teacher preparation programs 

 From the discussion in the first part of the literature review, it becomes clear that 

science teachers should develop their understanding of science content and of the nature of 

scientific inquiry through their own authentic inquiry experiences. Research studies suggest 

that a professional development program that does not provide teachers with an authentic 
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inquiry experience would not enhance their understanding of the nature of scientific inquiry. 

Sandoval, Deneroff, and Franke (2002) found qualitatively that an activity-centered 

professional development program did not influence most of the 20 secondary teachers‟ 

understanding about scientific inquiry. Luft (2001) found that a so-called “inquiry-based 

professional development program” that focused on discussions about inquiry without 

providing actual inquiry experiences for 14 secondary teachers did not improve their 

understanding about the nature of scientific inquiry. 

There have been efforts to provide authentic inquiry experiences for pre-service and 

in-service teachers in K-12 science education. One example is to place teachers in scientists‟ 

research labs and engage them in scientific inquiry processes (Schwartz, Lederman, & 

Crawford, 2004). Schwartz et al. found that most of the 13 secondary pre-service teachers 

who went through the laboratory experience showed substantial development in their 

understanding of the nature of authentic scientific inquiry. However, arranging for teachers to 

work in various laboratories in universities or in research institutes may not be always feasible. 

In addition, laboratory work may be different from one lab to another and it may not give all 

the teachers equally desirable experiences of inquiry (Crawford, Zembal-Saul, Munford, & 

Friedrichsen, 2005). It is necessary for higher educational institutes to develop a feasible 

teacher preparation program which provides them with authentic inquiry experiences without 

relying on other resources. 

Crawford et al. (2005) investigated the effectiveness of a software-based professional 
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development program about evolution. The program is called The Galapagos Finches and was 

used with 21 prospective secondary teachers in an advanced science methods class. Crawford 

et al. found that there was evidence that the program enhanced prospective teachers‟ 

understanding of evolutionary concepts as well as their understanding of the nature of 

scientific inquiry. They claimed that the use of real-word database in their software allowed 

the teachers to experience authentic scientific inquiry. 

Martin and Greenwood (2007) conducted a pilot study about the impact of a teacher 

preparation program in which pre-service and beginning in-service teachers were involved in 

a scientific investigation using the Cricket. About 20 teachers in a graduate-level science 

methods course participated in the study. They were asked to generate personally relevant 

scientific questions to conduct an investigation with the Cricket. The teachers designed and 

conducted their own data collection protocol. They also analyzed the data in order to generate 

a possible explanation of the phenomena. For example, one of the teachers measured 

temperature in the attic and garage to see the effectiveness of the insulation that was newly 

installed in the teacher‟s house. The researchers found that the teachers generated a wide 

variety of questions based on their personal interests, and could perform scientific work 

analogous to scientists. The researchers also found that the project gave the teachers a good 

opportunity for developing their scientific reasoning skills. For example, when a teacher had 

three line graphs that showed temperature change in a cup with ice cubes, the teacher needed 

to interpret the data in a way that was plausible and consistent with the actual situation. The 
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process required the integration of scientific knowledge and critical thinking skills. 

Unfortunately, Martin and Greenwood (2007) did not collect detailed data from the 

teachers. They did not have a systematic way of assessing teachers‟ thinking and feelings 

about how they were impacted by the inquiry experience.  

Furthermore, Martin and Greenwood (2007) did not include explicit considerations 

about developing teachers‟ instructional strategies of teaching science through inquiry. From 

the discussion in the first part of this literature review, it becomes evident that in addition to 

inquiry experience, teachers need to develop their PCK in order to become competent in 

teaching science as inquiry. An inquiry experience alone does not normally lead teachers to 

develop teaching strategies for inquiry-based lessons (Crawford, 1999). In fact, a few 

prospective teachers in the study conducted by Crawford et al. (2005) expressed their 

concerns that they did not see a connection between the content in the science methods course 

and the inquiry experience that they had to go through with The Galapagos Finches software. 

There must be instructions that connect teachers‟ experiences of scientific inquiry with 

teaching situations. The program that Martin and Greenwood developed lacks this 

pedagogical component. Crawford et al. advocate that authentic inquiry experiences should 

precede the teaching of pedagogical component in the methods course in a teacher preparation 

program. Ideally, a methods course in science education should provide prospective teachers 

with authentic inquiry experiences using the technology first, and then move on to the 

discussions about teaching strategies that would be effective in inquiry-based classrooms. 
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Summary 

 The use of technologies in a scientific investigation has the potential for enhancing 

students‟ and teachers‟ understanding of scientific ideas and of the nature of scientific inquiry. 

When beginning teachers conducted a scientific investigation based on their personal interest, 

the used of the programmable data-collecting device called the Handy Cricket had noticeable 

impact on their understanding of the nature of scientific inquiry. However, the preliminary 

nature of the study done by Martin and Greenwood (2007) did not allow much information to 

be revealed for the evaluation of the effectiveness of the program. Furthermore, in order for an 

authentic inquiry experience to impact the classroom teacher‟s practice, research indicates that 

the teacher may need assistance in the development of appropriate PCK. 

Conclusion and Potential Research Questions 

 In spite of the emphasis on inquiry-based teaching advocated in the National Science 

Education Standards (NRC, 1996), very few science teachers in K-12 education teach science 

as inquiry. Classroom methods are mostly teacher-centered and students are asked to find the 

right answer by checking their textbooks. Laboratory exercises are commonly cookbook type 

where students blindly follow written instructions to verify content they already take for 

granted. 

 The research reviewed has indicated that one of the reasons for this lack of 

inquiry-based teaching may be ascribed to the limited experience that teachers have with 

scientific inquiry during their own education. It is suggested then, that teacher preparation 
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programs must address this deficiency by providing prospective and practicing science 

teachers with authentic inquiry experiences and the subsequent instructions for transforming 

the experiences into appropriate PCK. 

 The research reviewed has also indicted that the use of technologies to support 

inquiry- based instructions is effective in enhancing students‟ and teachers‟ understanding of 

scientific inquiry. The literature has indicated that students and teachers develop 

understanding of scientific inquiry when they engage in designing and conducting their own 

experiments with the help of technology. Martin and Greenwood (2007) embedded the use of 

a programmable device called the Cricket in a teacher preparation program. The present 

review has indicated that the program provided pre-service and beginning in-service teachers 

with authentic inquiry experiences in a feasible way. 

 Theory and research into other areas pertinent to the problem still need to be 

reviewed. However, the present review indicates that research into the effectiveness of the 

teacher preparation program that makes use of the Cricket technology is equivocal. More data 

collection followed by detailed analysis needs to be conducted in order to examine the 

effectiveness of the program. Moreover, the program itself needs to be developed further to 

incorporate explicit instructions focused on the transformation of the teachers‟ inquiry 

experiences into appropriate PCK for planning an inquiry-based classroom.  

 Consequently, research into the effectiveness of the Handy Cricket as a tool to 

develop teachers understanding of authentic inquiry, as well as research which explores how 
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scientific inquiry experiences are translated into PCK is warranted. The following research 

questions are suggested: 

1. How do teachers change their understanding of the nature of scientific inquiry in the 

course of a teacher preparation program in which the Handy Cricket is utilized? 

2. How do teachers‟ authentic inquiry experiences impact their beliefs and understanding of 

the feasibility of inquiry-based teaching? 

3. What are the essential features of a teacher preparation program that help teachers 

transform their inquiry experience into appropriate PCK for planning an inquiry-based 

classroom? 

Answering these questions might help educators in higher-education to develop a teacher 

preparation program that is effective and feasible with the use of Cricket technology. If 

teachers have a better understanding of the nature of scientific inquiry, it is expected that 

students will have a better chance of learning science through inquiry in science classrooms. 

 

This work was in part supported by CAREER grant provided by the National Science 

Foundation under the grant number 0546513. 
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