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Learning at the elbow of scientist is a well-known educational approach to improve students’ understanding
of science and scientific practice. This study, in the perspective of legitimate peripheral participation
in a community of practice, explores how students’ scientific practice and perception could be shifted
through R&E program with the development of participation. Data from participant observation for 18

4 May 2016 months and in-depth interviews were analyzed based on constant comparative method to extract common
Accepted 5 May 2016 haracteristics of students’ participation and major shifts in their scientifi ti d ti
Keywords: characteristics of students’ participation and major shifts in their scientific practices and perceptions.

Students’ development of participation was categorized into three stages: legitimate, peripheral, and full
participation. In the stage of peripheral participation, students perceived themselves as mere students
and showed passive engagement. They just followed the directions of researchers and didn’t know what
they should be doing. But through continuous participation, students showed enhanced engagement like
voluntary article reading, role assignments, and establishing norms in a community of practice with the
reference of scientists’. In this stage of transitional participation, students also showed a deepened
perception on everyday life of scientist and the community of scientist. And finally in the stage of full
participation, students showed responsibility and ownership on research and continuous efforts to refine
their research. They recognized themselves as beginning scientists. With these findings, this paper
highlighted the dynamic processes of students’ development of scientific practices and identity through
R&E participation. It also suggests implications for research programs for education, especially for students
who have already articulated a science-related career but still have only foggy notions about science.

R&E, community of practice,
legitimate peripheral participation
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Table 1. Characteristics of research participants in the beginning stage

Pseudonym  Gender Science-related characteristics Career aspiration
) Higher scores in science rather than other subjects . o
Jinhee Female - - - Still minding
Little experiences of out-of-school science
One of highest-scoring students in biology
Hana Female  Gifted education for one year in M science high school Biologist in stem-cell research
Experiences of visiting research institutes and getting lectures of scientists
Low scores in science and mathematics Brain scientist,
Changsu Male - - - — .
Gifted education for two years in local governmental institute CEO in ventures company
Low scores in science and mathematics
Tacho Male Gifted education for 3 years in an institute affiliated with a university Biologist, bio-engineer

Rich experiences of science and a sibling who graduated M science high school
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¢ Organizing team
*  Meetings with faculties
¢ Research introduction

Experimentation
e Data collection
* Data analysis

* Lab tour * Redesign research
e Learning basic skills and cesign
¢ Discussion
knowledge

e Writing research paper

Poster presentation for peers and school
teachers

¢ Oral presentation for scientists and
educational researchers
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Figure 1. Three stages revealed in students’ R&E process
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Table 3. Characteristics of each stage in participation development

Stage Characteristics of participation

Category Contents of interview
* Purpose of R&E participation
* Major gains of R&E participation
R&E . .
. & . + Obstacles and difficulties of each R&E processes
participation
+ Working in R&E team as a community of science
* Memorable experiences in R&E participation
+ Motive to apply science high school
Personal . . .
. + Memorable stories before entrance of science high school
history
+ Science-related personal experiences
+ Self-image of oneself before, during, and after R&E
participation
Devel t s L
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+ Shift in scientific practice through research work
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participation .
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Showing scientific actions reflecting one’s agency
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participation
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. . Practice in R&E participation
community of practice

+ Following the directions of R&E program

+ Taking pictures, writing memo, and observing

High school
igh school students research work

« Little question

+ Bridging between students and researchers in

university
School teacher + Encouraging students’ participation

+ Supporting theory learning of students to narrow
the gap

Researchers in + Educating student as a novice member of the lab

university + Teaching theory and experiments of research
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Table 6. Practice observed in the stage of transitional
participation

Members of

. . Practice in R&E participation
community of practice P P

+ Continuous experimentation
. * Autonomous role assignment
High school students . ) )
+ Reading research article voluntarily

« Establishing norms for R&E team

« Partially hand over the power of research to
students

+ Teaching ways of writing research article and

School teacher .
presentation

* Negotiating with researchers for student’s
autonomy

+ Teaching research work to students

Researchers in
university

- Communicating attitudes, quality, and ethics for
research

+ Providing scientific feedback on student’s work
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Science High School Students’ Shift in Scientific Practice and Perception Through the R&E Participation

Table 8. Students’ perception on major gains through R&E participation

Category

Subcategory

Major gains

Knowledge and skills in science research

+ Scientific content knowledge and skill for experiment

+ Way of scientific learning & communication

* Current research trends in biological research

About science

Nature of research work

* Rigour of research process and measurement

+ Research ethics

- Seeing invisible nature such as repetitiveness, failure, and frustration

« Perception on everyday life and work of professional scientist

Individual scientist

+ Quality of scientist like responsibility and passion for research

About scientist

+ Collaboration among scientists

Community of scientist

+ Communication among peers, and other scientist through various ways

« Exploration and Validation of interest and aptitude

Career inspiration

+ Enhanced competence and practice as a science student and a beginning researcher

About oneself

+ External recognition from meaningful others

Recognition
+ Internal recognition of scientific competence
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Practice

- Following direction - Assimilating into the
of others practice of researcher's

- Passive and receptive - Behaviors reflecting
learning student’s agency

- Staying back and - Establishing norms in
observing process community

- Ownership and
responsibility of research

- Elaborating research
process

- Authoring identity as a
beginning researcher

Participation

Peripheral participation >/ Transitional participation :::) Full participation

Science

Perception

—— rarely observed

Scientist

o o
Oneself v U

=
=

PN

== continuously observed === richly observed .. sharing interactions

Figure 2. Development of students’ practice and perception in terms of legitimate peripheral participation
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