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Introduction 

Michiel van Eijck and Wolff-Michael Roth’s article published in the Journal of Science Education & Technology, a peer-reviewed, academic journal, develops a framework for displaying their data in a logical, sensible, easy to follow format.  The authors are considered to be authorities on the subjects of Science Education and Technology Integration.  Eijck has one additional article in the Education Research Complete database and Roth has one hundred sixty- five additional articles within the same database. Eijck is presently an associate professor of Science Education at Eindhove School of Education in the Netherlands.  Roth is a professor of applied cognitive science at the University of Victoria in Canada.  Researchers, Eijck and Roth are well established in the fields of Information Technology (IT) and science education.  
Research Question


Eijck and Roth ask:  Why have IT-based research tools played such a marginal role in science education and how can they be effectively implemented?  The researchers have observed while exploring other projects, IT-based tools are not widely used in teaching.  Teachers in the math and science fields are not utilizing tools which would make students work more meaningful and less cumbersome.  The article proposes students spend valuable time crunching data by hand instead of utilizing technology based tools.  The researchers explain technology enhances learning and much of the technology available can actually measure findings which cannot be completed without it.
Environment


This study took place at physics classrooms at a private school in central Canada. The population of the school consisted of boys only, with 90% of them college bound students and preferring the study of business related subjects. A small group of students pursued pure Science or Mathematics.  The data was taken from three 11th grade Introductory Physics classes and from two other classes of advanced Physics taught at the 12th grade level.  Overall, the population of the study was composed of 80 students: 50 grade 11 students, and 30 grade 12 students. Grade 12 students have the same teacher as the previous year.   This classroom teacher has graduate degrees in Science and Physics Education. He also has taught Science for 10 year teaches using a laboratory approach method. 
Data


The article’s information is divided into well-organized sections including an introduction, background, problem analysis, CHAT (cultural-historical activity theory) description, case studies, data sources, discussion and implications, acknowledgements and references.  There were fifty-seven cited references provided at the end of this article.  The data was enhanced by use of one chart, one diagram, one black and white photo and four graphs.  Funding for this work was supported by grants from the Center for Research in Youth Science Teaching and Learning (CRYSTAL) and the Natural Sciences and Engineering Research Council of Canada (NSERC). 


All initial appearances indicate a well thought out and organized start to this study.  The multiple charts are not from data collection, however, but from student work samples, except for a chart at the bottom right of page 233 (Eijck, 2007).  The chart on page 233 has limited significance, because concrete data collections methods are not used, or at least not detailed within the context of the report.  Much of the cited information with respect to the primary question about the marginal role of IT-based research tools in scientific education was dated prior to the year 2000.  The researchers acknowledge this on page 230 and justify the outdated research from 1992 by saying "it is highly pertinent because students participate in the research activity by using various IT-based research tools (Eijck, 2007)."  The problem with this justification is if the research is outdated, the IT-based research tools and methods the students used over 17 years ago are likely outdated themselves.   
Bias and Comparison

A careful analysis of the study reveals a level of understandable and perhaps negligible bias revealed in a number of ways based on the criteria for evaluating bias. Firstly, in order to justify the conclusions the researcher selected one empirical study done in 1992 to support the thesis postulated in this article. Determination of participants may also be a point of bias, with the selection of participants consisting of 11th and 12th grade private high school students, with a 90% college bound population.  There is evidence of a lack of diversity in the selection of the treatment group for the study, since random selection was not employed with respect to race, ethnicity, socio-economic status, culture and other factors such as teacher characteristics. Detailed description of the treatment group was given, yet no information regarding selection of a comparison or control group with which to compare results was provided. This indicates a selection bias which would essentially open the door for challenges to the validity of the findings in the study. The limited diversity within this group likely has impact on the outcome especially in consideration of no comparison group to provide an alternative explanation for the results.  Limited sample space and no comparison may produce inconclusive findings. 

Beyond bias in group selection and lack of comparison, language does not address the audience intended, and sources chosen for support may be biased themselves.  If the authors were intending to write this article for the benefit of a wide cross-section of the intended of high school science educators, the data, research activity, findings and conclusions needed to be adjusted accordingly.  Though the target of the research was high school students, the  communication addresses professionals in the science community as a whole.  Bias is also demonstrated in the choice of sources, since they tend to validate the authors’ position before the research was completed to support the findings, explanations, descriptions and conclusions of the study.  It is noteworthy to mention the numerous unchallenged assumptions cited from secondary sources which permeated the study and further contributed to the aspects of bias.  In response to this element partiality the authors, make the disclaimer that “because of the indeterminate, contingent, and distributed nature of such activities, this study does not pretend to provide reliable forecast of students’ emerging scientific literacy” (Eijck & Roth, 2007). They also diluted expectations in determining the extent to which the implementation of tools in the case study was successful in improving students’ scientific literacy which the authors claimed was not an objective of the study.

In summary of this article's issues of potential bias, the study demonstrated limited or missing elements of random selection of the participants, no control group or comparison set was employed, there was poor match of language to intended audience, and selection of resources was influenced by intended results.     
Results

At first glance, the study demonstrates considerable planning and thorough investigation of the use of technology in the classroom.  However, upon further investigation, some limitations to its value were noted.  For instance, the marginal role played by IT-based research tools was addressed.  However, much of the data which confirms this was outdated by over 10 years.  Beyond this, there was no significant, quantified data presented by the research.  If the data upon which the study was based was outdated, a recommendation to implement the proposed framework of CHAT would be faulty if not backed with quantitative outcomes.  As a consequence, the "how" of effective implementation in the research question is not answered effectively. 

            In the section entitled "Student Reactions," on page 233, the results are presented in a strictly narrative way.  The following quote illustrates the lack of quantitative data collected: 

  "There has been an overwhelmingly positive attitude in all the physics classes. Three times during the year, students were given an opportunity to discuss as a class, for a full period, the things they like about the course, what they dislike, and what changes they would like to see. In addition, students submitted a written evaluation of the course in essay form; and an individualized classroom environment questionnaire (ICEQ) was administered" (Eijck & Roth, 2007).      


Neither the full-period class discussion, nor the course evaluations are measurable in the absence of criteria to quantify the outcome of these assessments.  Considering the fact the researcher was also the instructor, there is a possibility the "overwhelmingly positive attitude" could be biased in the favor of supporting the research.  Further, there was no control for this research, as mentioned under bias and comparison.  As a result, the positive response is not in comparison to any contemporary, alternative methods to the use of CHAT.  Moreover, there is no documentation of questions the culminating questionnaire included. 

            The authors suggest the use of CHAT as a tool in research, thereby implementing IT tools in research emphasizing praxis or performance or application of a skill as opposed to theory.  The anecdotal evidence presented does not necessarily support such a recommendation, yet at the same time, its value may not be completely without merit. 

              Outdated background information and flawed data collection impact the validity of the research with respect to the research question.  Suggestions for future research improvements below address these shortcomings.   Improvements on future research would include the following: 

· Clearer description of CHAT including comparison to contemporary IT research methods. 

· Updated supporting research reflecting whether or not contemporary IT tools indeed play a marginal role in science education. 

· More diverse sample space with respect to demographics, gender and learning abilities.
· More measurable criteria to quantify the outcome of the results.
· Comparison to recommended method to a control or alternative method
· Less-biased research where the researcher is not directly or indirectly influencing the test subjects in any way, regarding IT tool selection or analysis of classroom dynamics.
Limitations

As discussed above in Data and Comparison and Results, a significant shortcoming of this research is a lack of quantifiable data.  Specific summaries of data from the assessments are not given, there is no control for comparison of results, and the data collected could have been influenced by the instructor who also served as part of the research team.    

    
Another significant limitation of this research is the outdated background information used to support the "marginal role" of IT tools in student research. By not using more up to date and less biased support regarding use of IT tools in student research, the results may be skewed in the favor of the alternative framework proposed by the researchers.  Such a comparison would be more reliable when weighed against more recent data. 


Despite the limitations, the research does match up with the question, "Why have IT-based research tools played such a marginal roll in science education and how can they be effectively implemented?"  Quality initial organization and planning attempt to create a representative sample space of science students conducting research.  The researchers first identify reasons why IT-based research tools played a marginal role in science education. Next, articles are presented which cite reasons for this marginal use of IT tools in the classroom when conducting scientific research.  The reasons include the need to oversimplify actual IT tools to make them usable for students in the classroom and the use of IT tools by teachers merely to illustrate concepts rather than offer opportunities for open-ended research.  The researchers then develop a framework for the use of IT-based research tools in science education and present a case study of student use of IT-based research tools. The weaknesses were primarily a lack of a control group for comparison, poor data collection guidelines, and along those lines, possible bias due to these data collection methods.  


Following the recommendations  under Results for improving research in the future such as clear description of CHAT, current background information, more diverse sample space, a

 control group for comparison as well as clear, unbiased data collection methods could improve this research for future studies in effectively implementing IT tools for research in the classroom.  
