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Abstract 

 

 In the past hundred years, the field of science has changed in extraordinary ways.  

Developments in technology have allowed an expansion of our scientific understanding of the 

natural world.  Unfortunately, science education has not kept up with the innovation.  In many 

ways, science is taught in the same, teacher-centered, descriptive ways it has been for over a 

century.  Given the incredible breadth of knowledge, it is important for science educators to 

embrace a constructivist, inquiry-based model of science education that allows for the learners 

to better understand the process of science rather than simply memorizing the content of 

science.  This helps students to develop a longer lasting and more thorough understanding of 

the scientific process.  In addition, technological innovations further enhance students’ abilities 

to develop scientific understanding by providing engaging formats that utilize modern tools.  The 

inquiry approach can be coupled with technology use to create lasting and meaningful learning 

experience for students.  When such lessons are well-developed and supported through 

collaboration with technology staff, the results can be exciting and meaningful learning 

experiences in the science classroom. 
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Introduction 

In recent years there has been a widespread movement in the area of science education 

towards a system of inquiry-based teaching and learning.  With little doubt, the move towards 

engaging students in the process of scientific thought and analysis and away from the teacher-

centered, fact memorization approach is warranted.  Much of science education in the United 

States is based upon standards that were created in the late 19
th

 century (Sheppard & Robbins, 

2002).  At the time, the focus on content of science rather than the process of science may have 

been justified, but this has changed a great deal since then.  The current movement towards an 

inquiry-based method, which falls squarely under constructivist learning theory, “centers on the 

active engagement of the learner in an open process of questioning and discovery” (Fischer, 

Rudolph & del Alamo, 2007, p. 338).  While not universally guaranteed without careful 

planning, innovative technology incorporation further enhances the benefit of inquiry driven 

models of learning.  In the end, a properly designed inquiry science education curriculum that 

utilizes technology in a directed and calculated fashion could be used to greatly improve student 

learning in science. 

  

The Benefits of an Inquiry-Based Approach to Science Education 

 Modern science education in the United States has remained relatively unchanged since 

the recommendations of the Committee of Ten were developed in 1893 (Sheppard, et al. 2002).  

The body of knowledge in the various fields of science at that time is dwarfed by the knowledge 

gained through the scientific developments that have taken place over the past century.  With the 

incredible advancement in technology has come a tremendous growth in the amount of scientific 

knowledge.  In this atmosphere, science teachers are faced with a very difficult challenge to 



Inquiry-Based, Technology-Supported Science Curriculum                                                        4 

 

strike a balance between relating the content of their given field of science while also relating the 

underlying process of science.  All too often science teachers fall towards the side of providing a 

vast amount of content with little to no understanding of the scientific process that allowed for 

the discovery of that content in the first place.  Over the past fifteen years, there has been a push 

by the National Research Council to move away from placing the emphasis on “textbooks, 

lectures, and scientific facts” (Von Secker, 2002, p. 151).  Indeed, they now favor “approaches 

that (a) engage student interest in science; (b) provide opportunities for students to use 

appropriate laboratory techniques to collect evidence; (c) require students to solve problems 

using logic and evidence; (d) encourage students to conduct further study to develop more 

elaborate explanations; and (e) emphasize the importance of writing scientific explanations on 

the basis of evidence” (Von Secker, 2002, p. 151).  Clearly, there is an implicit move away from 

simply relating the content in science classes.  In short, there is a call for increased use of well-

designed, inquiry based lessons in science classrooms. 

 The constructivist viewpoint, that learning is accomplished when a student is actively 

involved in working to make sense of the world around them (Apedoe & Reeves, 2006, p. 322), 

is one that is very applicable to the learning of science.  While there is some necessary 

distinction between whether that knowledge must be gained entirely through individual efforts or 

through a more social construct, both are readily accessible when inquiry-based science learning 

is applied.  In such an activity, learners are provided with an opportunity to discover for 

themselves through both structured and open-ended exploration.  The data resulting from such 

activity is then processed, either by the individual learner or the group, and placed in proper 

context in regards to their prior knowledge.  Learners are encouraged to wrestle with their 

findings until they are able to see patterns in the data.  Once they are able to make these 
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connections, they begin to further develop the ideas by developing new questions related to their 

findings.  At this point, the scientific process of discovery begins again.  This form of 

constructivist learning has been found to improve overall student achievement in science (Von 

Secker, 2002, p. 159). 

 Within the realm of inquiry-based learning there is also a need for balance between 

guided inquiry and open-ended experimentation.  On the one hand, Thier (2001) argues that 

hands-on scientific inquiry is not always fruitful because students can work through an activity 

and fail to connect the results with the intended scientific principles (Thier, p. 9).  Instead, he 

calls for a more guided approach to inquiry learning.  In this more guided approach, teachers 

identify specific goals of the inquiry experience and develop effective materials and activities 

that students find engaging.  This is no small task, however, the development of such experiences 

does allow for the students to discover the knowledge for themselves, thus truly learning under 

the constructivist definition, while also achieving the specified goals of the instruction.  By 

altering the true inquiry-based form of learning to a more guided approach, the teacher may limit 

a student’s full growth as a scientist by not allowing for them to develop the skills of sorting 

through messy data and learning from mistakes.  However, context for the inquiry must be given 

to students and proper lesson sequencing provided unless the students are expected to rediscover 

all aspects of their scientific discipline. The latter is neither feasible nor desired.  It is at this point 

that the incorporation of open-ended experimentation may be applied.  By conducting “original 

research”- which in this context refers to the fact that it is original to the student, though perhaps 

not to the scientific community at large- students are forced to deal with what can be a messy 

process.  The cut-and-dry expected outcome is not always reached.  This forces students to go 

back to the drawing board, so to speak, analyze data and rethink their original ideas.  Such an 
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experience allows students to “gain not only the experience of setting up and experiment, but 

[also to] gain the ability to better assess experimental parameters and better evaluate data in 

texts, periodicals and news reports” (Wyatt, 2005, p. 84). That is to say, the students are better 

able to analyze scientifically.  Given the benefits of these two varieties of inquiry methods, there 

is clear indication that students would benefit from a balanced exposure to both. 

 

The Benefits of Technology Integration in the Science Classroom 

While the application of an inquiry-based method of teaching need not always employ 

the use of technology, there seem to be a number of benefits of doing so.  One benefit of 

technology integration is the increased motivation of students.  For many students, the 

technology itself provides a degree of motivation.  When initially presented, a new technology 

may “attract students’ attention because of unique screen designs or the inclusion of features 

such as animation and sounds” (Wang & Reeves, 2007, p. 170).  Clearly, however, this is a 

short-term solution to the motivation issue.  Instead, the technology must engage students at a 

higher level if they are to remain motivated.  While there is no one specific magic bullet for 

achieving this, teachers are more likely to achieve such ends when working closely with an 

educational technologist during the design phase.  Whatever specific direction of lesson 

development is taken, this collaboration should be viewed as a necessary component of 

technology integration. 

           A further benefit of technology integration in the inquiry-based science classroom is the 

ability to enhance both students processing of information and application of experimental 

procedures. The wide array of web-based or software based programs provides opportunities for 

students to interact with data in innovative ways.  Whether creating visual representation of data 
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collected, creating multimedia lab reports or using technology to aid in modeling scientific ideas 

or difficult-to-visualize structures, students can analyze and connect with the material in ways 

that may reveal patterns that might otherwise go unseen.  In addition, technology-based 

experimentation can allow students to conduct the aforementioned open-ended experimentation 

in virtual laboratories.  This allows the freedom to change experimental setups to investigate 

more fully the variable involved in their inquiry.  MIT has taken this concept farther with the 

development of their WebLab (now called iLab) online laboratory in which students remotely 

interact with actual microelectronic devices to “perform real-time experiments and collect data” 

(Fischer, et al., 2007, p. 337).  Given the rate of development in the area of technology, it seems 

likely that other such technological innovations are on the horizon. 

 One last benefit of technology integration in science education is the expanded ability to 

connect and collaborate with both experts in specific fields and enthusiastic science students 

from around the world.  Web 2.0 technology allows for such collaboration in the forms of 

“sharing (e.g., communal bookmarking, photo/video sharing, social networking, writer’s 

workshops, fanfiction), thinking (blogs, podcasts, online discussion forums), and co-creating 

(Wikis, collaborative file creation, mashups/collective media creation, collaborative social 

change communities)” (Dede & Barab, 2009, p. 301).  As this technology continues to evolve, 

students may be able to begin to work with real-time data collected virtually and begin to form 

conclusions about authentic, real-world topics in science.  With such possibilities in mind 

students may soon be able to “customize learning environments to a degree never before 

possible” (Dede & Barab, 2009, p. 302).  Such a blending of technology integration with inquiry-

based, constructivist learning is, in many ways, science education at its best. 
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Conditions That Aid in Successful Technology Integration in the Inquiry-Based Science 

Classroom 

As mentioned earlier, the integration of technology itself does not guarantee successful 

student outcomes.  As stated by Yerrick and Hoving (1999), “Technology implementation in and 

of itself does improve practice” (p. 304).  A variety of conditions have been identified that seem 

to enhance, though not guarantee, successful technology integration.  One area that needs to be 

addressed is that teachers are trained with appropriate pedagogical theories.  Quite often, science 

teachers are trained within their discipline without sufficient attention being paid to pedagogy 

(Tobias, 1999).  The result of this is that teachers may become more apprehensive about 

applying technology to their lessons because they see the uses as superfluous or because they do 

not feel they can justify the use of technology to administration.  So, while teachers hear 

announcements of needs for science reform or 21st century skills, they are unable to make 

appropriate adjustments due to their lack of training in this area.  Making sure that pre-service 

science teachers are trained not just in scientific content and process, but also in learning theories 

and pedagogy is an essential piece of the movement towards technology integration in science 

classrooms. 

Even with proper training, technology integration can be complex.  Balancing an 

understanding of the technology itself with the proper applications is certainly daunting.  One 

solution is to make sure that teachers feel supported in their efforts.  While administrative 

support must not be overlooked as an important factor, many point towards collaboration as 

essential if technology integration is to be successful and lasting (Mayer-Smith, Pedretti & 

Woodrow, 1998).  Given the challenging task of developing lessons that align with standards, 

learning technology that supports those lessons and evaluating the lessons once completed, it 
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stands to reason that this is best accomplished by teams of like-minded people working together.  

This type of support can, and very likely should, come in multiple forms.  For example, teachers 

within the same school should certainly be given time to work together to develop inquiry-based, 

technology-supported lessons.  Once such relationships are forged, such collaborative teams can 

“be a powerful structure that contributes to melding technology, teaching and learning” (Mayer-

Smith, et al., 1998, p. 133).  

A final condition that must not be overlooked is the development of relationships 

between teachers, who are on the front lines when the lessons are presented to students, and the 

technology support staff, who have an understanding of both the hardware and software 

involved.  If lasting and meaningful change is to come to science curricula, this relationship must 

be supported.  In many ways, the relationship is a symbiotic one in that the teacher provides the 

instructional problems at hand and the technology designer listens to the teacher and works to 

provide “various solutions through computer technology” (Wang & Reeves, 2007, p. 188).  

When properly executed, it is the students that reap the rewards. 

  

Conclusion 

         When examining the use of inquiry-based, technology supported lessons in science, it 

seems as though science, constructivist learning and technology are three points on the same 

learning triangle.  Each connected to each other and working together to create authentic and 

lasting science leaning experiences for students.  In this relationship, the field of science brings 

the ideas of discovery and scientific process to the table.  Science has been taught for too long 

“as memorization and retrieval of information” (Yerrick and Hoving, 1999, p. 294) rather than 

an analytical process.  Given the unprecedented rate of scientific discovery and growth in 
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scientific knowledge, an attempt to learn the facts of just about any scientific field is, in many 

ways, an insurmountable task.  The implementation of inquiry-based learning in a science 

classroom, the second point on the triangle, allows for a shift from the fact learning to true 

discovery on the part of the student.  Care must be taken however, to assure that the inquiry is 

guided enough to be productive and not so restricted to prevent students from exploration and 

original scientific thought.  The support of technology provides the third point on this learning 

triangle.  By leveraging technology, students become more motivated and engaged, assuming 

care has been taken to apply effective design principles.  When brought together in the correct 

manner and in a climate of collaboration between teachers and technology support personnel, 

these three points, scientific knowledge, constructivist inquiry and appropriate technology, create 

an incredibly powerful learning environment for students. 

 In order to fully embrace this style of science education, however, examination of 

standards is necessary.  For many years, the standards in science have been content based.  

Movement to an inquiry-based approach implies that not all content that has been covered in 

traditional methods will necessarily be covered in the science classroom of the future.  While 

students will gain a better understanding of the scientific process, there is a challenge to have a 

national set of standards.  New ways to express new standards will likely have to be adopted and 

taught to science educators.  It does seem that the move towards such a set of standards is not 

only desired, but essential to best serve future generations of science students. 
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