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Classroom teachers’ fears of science and abhorrence of technology integration particularly limit their ability
to foster scientific literacy for all students. This study aimed at enhancing the quality of science teachers’
pedagogical content knowledge via a professional development (PD) intervention employing a technology-
centered inquiry science teaching technique. Twelve science teachers from Mid Missouri participated in this
study. Pre- and post-test and anecdotal data analyses indicate that participant teachers’ attitude towards
inquiry science and science knowledge increased significantly from this program. In addition, these
experiences have had a long-term impact on these teachers’ confidence and comfort levels to implement
technology-infused inquiry science instruction in their classrooms that their students find interesting and
meaningful. Limitations and opportunities for further research are discussed.
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The immediate objective of this research was to develop a model for technology supported multi-
sensory approach to science teaching to answer the question, whether technology-supported
inquiry science pedagogy promotes positive attitude and inculcates a long-term experience for
sampled in-service science teachers. Another corollary objective of the study was to measure the
extent to which these teachers transfer this experience into their science teaching process.

A nation-wide survey conducted recently (NSF, 2000) identified that an alarming number of
elementary teachers don’t feel qualified to teach science. Strength of the science education
program in our neighborhood schools may not be different from all the observations that the
above study cited.

Recent as well as the past data support the reality that most of these teachers have had limited
exposures to science as undergraduates and in their professional training (Weiss, 1987; Arons,
1983; Wallace & Louden, 1992; Irving, Dickson, & Keyser, 1999, Gess-Newsome, Barnett, &
Hodson, 2001; Ridgen, 1999; Lowery, 2002). Whereas science and technology are increasingly
becoming interdependent and mutually reinforcing aspects of natural and physical world, many of
them fail to use technology to support their instruction. Research indicates that computer
technology can help support learning, and that it is especially useful in developing the higher-order
skills of critical thinking, analysis, and scientific inquiry (Roschele, 2000) to meet the complex
demand of the current workforce.
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Weaving the benefit of 21*" century technology into science curriculum will ultimately help us
meet of this changing world. In order to achieve the national goals of scientific literacy and
much needed evidence-based reasoning skills, our children not only deserve science teachers
who understand what they are teaching; they deserve science teachers who know how to
teach science.

Although there are many studies out there on inquiry-based science teaching, very few have
focused on multisensory technology-integrated inquiry pedagogy in science.

Three questions that guided this study are:

1. Can professional development program be designed to increase the participating
teachers’ understanding of inquiry as an instructional approach to teaching science?

2. Do inquiry science teaching strategies supported by computer technology including the
Internet, Web-based resources (visualization) and multimedia authoring program
strengthen science content knowledge of in-service teachers? and

3. Do above strategies have a long-term impact on teachers’ ability and confidence levels to
implement technology-infused inquiry science instruction in their classrooms that their
students find interesting and meaningful?

Thirteen teachers from four county public and parochial schools of central Missouri
participated in this project-based study. It’s a non-probability sample of convenience.

(1) First a summer course was designed and implemented with workshops on the concept of
inquiry as an instructional approach to teaching science followed by group discussions, so that
the participant teachers themselves could experience, “what it means to learn science
through inquiry and what it needs to set the stage in creating an inquiry-based science
learning community in their own classroom” (PBS, 2001). Led by a PowerPoint presentation,
an interactive discussion was focused on the characteristics of a “do-able” (Saha, et. al —
under review) performance-based activity.

(2) The participants were then provided with resources — textbooks, web sites, etc. to identify
the task-oriented concepts/ideas of the big picture of each of the target content areas (such
as inertia, mass & weight, speed, velocity, acceleration, friction, gravity, etc. for the big
picture of ‘motion.’). Brown and Campione (1994) recommend that to cover the course
requirements of their schools, teachers should choose the main themes and students should
be encouraged to select specific topics within those themes to reduce the time intensity in
facilitating inquiry in science education. For example, it was a guided step/stage meant to
develop a learning structure for the lesson on ‘motion’ — so that logical progression of ideas is
conveyed through task-relevant remediation process. During the process, participants were
familiarized with “How to develop and validate science tasks/ activities” (Saha and Doran,
2009).
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(3) Next, under the guidance of an experienced faculty, the participants conducted inquiry
activities on each of the targeted physical science concepts in a manner that they are exposed
to three types of inquiry outlined by Martin-Hansen (2002) — open or full inquiry, guided
inquiry, and coupled inquiry. However, emphasis was given on regular structured inquiry (a
guided inquiry mainly directed by the teacher) that leads to a stronger inquiry-oriented
science teaching identity (Eick & Reed, 2002).

(4) After an investigation was complete, the participants working in groups created a claim
and an explanation of the claim based on observational data (evidential basis of
conclusion/inference). All the groups shared their claims and findings regarding their inquiry.
To avoid hypothetico-deductive mode for doing science a consensus building process ensued
after examining whether contemporary accepted view on the target science concepts
supports their claim or explanation.

(5) To draw a mental map (a metacognition process) and provide further cue, the instructor
took them to selected Internet sites for web-based visualization/ simulation of the concept.

(6) In addition, a streaming video on the concept was shown to reevaluate or reinforce the
concept/s that they explored themselves and made the claim based on their own
observational data.

(7) Finally, the participant teachers were directed to create presentations of the concept
knowledge they just claimed using multimedia authoring program “Hyper-Studio.” The
product they created in this technology frame helped them take the responsibility and claim
the ownership of their own learning.

R/Q 1 - A pre and post-tests results conducted on the participant teachers’ conception about
inquiry and their attitude to inquiry science produced a non-significant ‘t" (p value of 0.872 -
2-tailed). One possible reason for this non-significant ‘' might be that in addition to only a
very small number of test items (only 7) used to assess this element of the test, the test items
belonged only to the ‘knowledge’ level of the inquiry cognition that might have resulted in
almost the equal mean (pre- 5.1 and post- 5.2) for both the pre- and post-tests. Another
reason might be due to resiliency of the belief system to change (Pajares, 1992).

A comparison of scores using a dependent (paired) t-test (1 # 0) showed a significant
difference between pre- and post-test scores (p value of .004 — 2 tailed).

These positive statistical results were supported by the participant teachers’ journal entries,
formal reflections and the end-of the summer course evaluation feedback, such as-

“Inquiry teaching is very student oriented ... | would like to add more this type of ngaging
[science] activity to my class.” “As for inquiry learning, the students really enjoy it. ...
They are excited”. “The [inquiry] video segment we watched and discussed today helped
to answer some of my questions on [effective] science teaching.”
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R/Q 2: A comparison of scores obtained from the pre- and post-tests administered over the
content specific knowledge in the areas of matter and energy, force and motion, and
electricity and magnetism and their ideas about the products (scientific facts, concepts,
generalizations and principles) of ‘doing science’ related to construction of science knowledge
from inquiry-oriented science instruction in the classroom using a dependent (paired) t-test
(1 # 0) showed a significant difference between pre- and post-test scores (p value of .002; 2
tailed).

These positive statistical results were supported by the participant teachers’ journal entries,
formal reflections and the end-of the summer course evaluation feedback, such as-

“We.. performed activities on matter; we made observations and inferences about different
types of matter and discussed inferences. “I felt very comfortable doing the calculations and
activities. | may use activities shown in these classes.” “My students would enjoy this
activity.” “I believe the Internet resources are a good source of demonstrations and
activities.”

“I understood the [targeted] physical science concepts covered ...”

“| have never used the rheostat [in electric circuit] before and enjoyed the lab.” | enjoyed
developing Hyper Studio projects.”

R/Q 3: As a part of the summer course assignment the participant teachers developed inquiry
units on the targeted content areas. Many of them implemented these units using the
techniques and strategies they learned during the summer course to teach technology-
supported inquiry science in their classes. Reflective journals of the participating teachers and
their students indicate that the strategies used by this PD had a long-term impact on
teachers’ ability and confidence levels to implement technology-infused inquiry science
instruction in their classrooms that their students found interesting and meaningful.

“All of the students agreed that they definitely preferred inquiry science to the alternative of
book learning.” [In an inquiry science lesson] you can see [observe] what happens and you
can remember the results [conclusion] better.”

“They [students] have designed experiments of their own inquiries and performed the
experiments ... during their study times. The students’ enthusiasm has even convinced my co-
workers to come and observe the experiments! (“We just had to come and see what all the
kids are talking about.”). Parents have even gotten involved and come to class to see their
child perform self-designed experiments. (As one parent said, “I can’t believe she actually
likes science! But, we never did stuff like this when | was [sic] in school”)
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The Model proposed by this study is presented below graphically:

GETS CONCEPT
ON INQUIRY
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"Ome ™" THE NEGOTIATED EXEERIENCES
CONTEMPORARY INQUIRY
EXPLANATION MEANING
MAKES AND
EXPLAIN CLAIMS

This model rejects the notion of science as a stepwise process and includes highly empowered
steps of doing science for understanding. In summary, it suggests that supported by
technology, inquiry science teaching and learning should begin from scientific question,
provide evidence to answer the question in constructing knowledge.

A good number of reports and concerns have clearly demonstrated that the health of USA
scientific and technological pre-eminence has been weakening in comparison to other nations
in the world. All these discouraging trends in standardized test scores, students’ abhorrence
in science, technology and mathematics (STEM), a lack of self-reliance among teaching
community in many schools, demand different approach to teaching and learning.
Technology in particular multimedia that incorporates text, audio, video, simulation and
images in the same document plays vital roles in teaching procedural knowledge in STEM
education (Lin et al.,, 2014). This study also provides empirical evidence that when
appropriate technology is used to support instruction, all students’ curiosity invigorates
undivided attention to their learning. Leow, and Neo (2014) also found that when inquiry
technique combines multimedia technology, it fosters education innovations as alternatives
to the conventional classroom teaching and learning methodology.
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Nevertheless, though the sample size is typical of similar in-service program, the findings of
this research can’t be generalized to a wider population because it was too small (and so the
effect size) and not randomly selected. In addition, if feasible, a controlled experiment should
be conducted to attain the ‘golden standard’ of research advocated by the Department of
Education’s No Child Left Behind (NCLB) USA Act of 2001.

Indian Institute of Social Beform & Researc) | “




January 31, 2015 [IFSRR -Fnternational Fournal of Research]

A
@,
@
3
Q
B

10.

11.

12.

13.

14.

15.

16.

17.

Arons, A. (1983). Achieving wider scientific literacy. Daedalus, 91-122.

Brown, A., & Campione, J. (1994). Guided discovery in a community of learners. In K. McGilly (Ed.),
Classroom lessons: Integrating cognitive theory and classroom practice (pp. 229-270). Cambridge, MA:
The MIT Press.

Eick, C. J. & Reed, C. J. (2002). What makes an inquiry-oriented science teacher? The influence of learning
histories on student teacher role identity and practice. Science Education,

Gess-Newsome, J., Barnett, J. and Hodson, D. (2001). Science teacher education pedagogical context
knowledge: Toward a fuller understanding of what good science teachers know. Science Education,
85(4), 426-433.

Irving, M. M., Dickson, L. A. and Keyser, J. (1999). Retraining public secondary science teachers by
upgrading their content knowledge and pedagogical skills. The Journal of Negro Education 68(3), 409-
418.

Leow, F. & Neo, M. (2014). Interactive multimedia learning: Innovating classroom education in a
Malaysian university. Turkish Online Journal of Education Technology — TOJET, 13(2), 99-110.

Lin, P., Hou, H., Wu, S., & Chang, K. (2014). Internet and Higher Education, 22, 51-56.

Lowery, N. V. (2002). Construction of teachers knowledge in context: Preparing elementary teachers to
teach mathematics and science. School Science and Mathematics, 102(2), 68-83.

Martin-Hansen, L. (2002). Defining inquiry: Exploring the many types of inquiry in the science classroom.
The Science Teacher 69(2), 34-36.

NCLB (No Child Left Behind) Act of 2001, Pub. L. No. 107-110, § 115, - See more at:
http://writingcenter.waldenu.edu/640.htmitsthash.kofpLFMF.dpuf

NSF (National Science Foundation (2000). Inquiry Thoughts, Views, and Strategies for the K5 Classroom.
WDC: Division of Elementary, Secondary, and Informal Education Directorate for Education and Human
Resources.

Pajares, M.F. (1992). Teachers' beliefs and educational research: Cleaning up a messy construct. Review
of Educational Research, 62(3), 307-332.

Ridgen, J.S. (1999). Articles - Training K-6 teachers to teach science — Basic education — Reducing anxiety
is easier than raising content knowledge. The Education Digest, 64(8), 59-61.

Roschele, J.M., Pea, R.D., Hoadley, C.M., & Gordin, D.N. (2000). Changing how and what children learn in
school with computer-based technologies. The Future of Children 10(2), 76-101

[http://www.futureofchildren.org].

Saha, G & Doran R. (2009). Developing and validating performance-based assessment tasks in Biology: A
how-to guide. In M. Kim, S. W. Hwang, & A. TAN (Eds.), Science Education: Shared Issues, Common Future
(pp. 1768-1782). Singapore: National Institute of Education.

Wallace, J. & Louden, W. (1992). Science teaching and teachers’ knowledge: Prospects for reform of
elementary classroom. Science Education, 76(), 507-521.

Weiss, I. R. (1987). Report of the 1985-86 National Survey of science and mathematics education.
Research Triangle Park, N. C.: Research Triangle Institute.

© Author

*This study was funded by MDHE Eisenhower Grant Cycle XIX, 2002.

Indian Institute of

Soctal Reform & Research | n




