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Teachers expect team-based project learning to help students develop collaborative and real-world problem
solving skills. In practice, however, students tend to solve problems with simple division of labor, and
there is a tendency that learning transfer does not occur in solving problems. The purpose of this study
is to develop a collaborative learning model based on the transactive memory system (TMS) and to
verify its effectiveness. The collaborative learning model based on the TMS is composed of three stages.
The first stage is developing TMS. In this stage, the students learn physics concepts and make knowledge
about the expertise of group members through peer instruction. The second stage, activating TMS, is
building trust through solving well-defined problems for developing near-transfer. And in the third stage,
applying TMS, the students solve an ill-defined problem based on real-world context for practicing
far-transfer. Based on this model, a 15-week program including two projects on geometric optics and
sound waves was developed and applied to 60 college students. The data for five weeks of one project

were collected and analyzed. As a result, the TMS of the experimental group with the TMS-based
collaborative learning model improved stepwise. Whereas, the difference between the first week and the
last week was statistically significant, while the TMS change of the comparison group using the general
project learning model was not significant. Also, the experimental group showed that the learning transfer
occurred better in the project than the comparison group. A collaborative learning model based on TMS
can be used to learn how students gain synergy through collaboration and how students collaboratively
transfer the learned concepts in problem solving.
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Developing and Applying TMS-Based Collaborative Learning Model for Facilitating Learning Transfer
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Developing TMS Elaborating TMS Applying TMS

TMS process

TMS process TMS process

e Sharing individual expertise ’ Ref_'m-ing ™ an.d sharing *  Problem solving using
. individual expertise of TMS
of task-specific knowledge " ific knowled
task-spectfic knowledge ¢ Retrieving and analogical

* Encoding and storing of

™ *  Encoding, storing and encoding of T™M
retrieving of TM
Teaching Strategy Teaching Strategy Teaching Strategy
e Understanding physics *  Near-transfer via * Far-transfer via project
concepts via peer instruction experimental design activity using ill-defined problem

using well-defined problem

Figure 1. TMS-based Collaborative Learning Model
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Figure 2. Example of the program using TMS-based Collaborative Learning Model
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Figure 4. Example of well-defined question for practicing near-transfer
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Figure 5. Example of suggesting, evaluating and sharing students’ ideas
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Table 1. Transactive Memory System Scale Items (Lewis, 2003)

Category

Items

Specialization

Each team member has specialized knowledge of some aspect of our project.

I have knowledge about an aspect of the project that no other team member has.

Different team members are responsible for expertise in different areas.

The specialized knowledge of several different team members was needed to complete the project deliverable.
I know which team members have expertise in specific areas.

i Al A e

Credibility

I was comfortable accepting procedural suggestions from other team members.
I trusted that other members’ knowledge about the project was credible.
I was confident relying on the information that other team members brought to the discussion.

9. When other members gave information, I wanted to double-check it for myself. (reversed)

10. I did not have much faith in other members

expertise.” (reversed)

11. Our team worked together in a well-coordinated fashion.
12. Our team had very few misunderstandings about what to do.
Coordination 13. Our team needed to backtrack and start over a lot. (reversed)
14. We accomplished the task smoothly and efficiently.
15. There was much confusion about how we would accomplish the task. (reversed)
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Table 2. Learning-transfer scale item
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Category

Items

Frequency of application of the
concepts (15 points)

How many concepts do students use to create their output?
(Straightening of light, reflection, refraction, synthesis and resolution of color)

Is it a new idea?
How complete is it?
Is it purposeful?

Group creativity
(15 points)

Does it describe the straightness of the light used in the output in scientific terms?

Accuracy of scientific explanations
on outputs (20 point)

Does it explain the reflection of the light used in the output with a scientific concept?
Does it explain the refraction of light used in output with scientific concepts?

Does it describe the synthesis and resolution of colors used in output with scientific concepts?
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Table 3. Comparison of the TMS’s of experimental group(group A) and comparison group(group B) for each week

Mean Std. Deviation . ,
Group A (n=30)  Group B (n=30) Group A Group B
Week 1 50.30 48.20 5.19 4.50 1.67 .100
Week 2 54.83 51.03 471 2.75 3.82 .000*
Week 3 59.60 51.87 2.93 3.13 9.88 .000*
Week 4 62.23 5243 2.70 2.13 15.61 .000*
Week 5 63.47 54.00 2.54 2.52 14.49 .000*
*p<.05
75 25.00
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55 —
50
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—e=Group A =—g=—Group B

Figure 6. TMSs of experimental group(group A) and
comparison group(group B)
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Figure 8. Credibility of experimental group(group A) and
comparison group(group B)
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Figure 7. Specialization of experimental group(group A) and
comparison group(group B)
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Table 4. Comparison of pre and post test results between experimental group(group A) and comparison group(group B)

Mean

Std. Deviation

t
Group A (n=30) Group B (n=30) Group A Group B P
Pre-test 46.33 45.79 15.35 13.85 144 .886
Post-test 73.11 72.06 13.28 12.69 315 754

*p<.05

Table 5. Comparison of the scores of learning-transfer between experimental group(group A) and comparison group(group B)

Mean Std. Deviation
t
Group A (n=30) Group B (n=30) Group A Group B P
Frequency of application of the 13.09 12.94 1.27 1.17 487 628
concepts (15 points)
Group creativity 11.38 1017 112 113 3.466 001
(15 points)
Accuracy of scientific explanations 13.38 11.90 1.86 142 4168 000*

on outputs (20 point)

*p<.05
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