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Learning—Related Changes on the Brain Activation Patterns in
Classification of Knowledge—Generation and —Understanding

Yong Ju Kwon - Jun Ki Lee*
Korea National University of Education

Abstract: The purpose of this study was to investigate how a teaching approach influences student's ability of
classification at the brain level. Twenty four hedlthy and right-handed college students participated in this study,
which investigated a brain plasticity associated with category-generation and -understanding in classification
learning. The participants were divided into one of two groups, one each for category-generation and -understanding
learning programs, which were composed of twelve topics taught over atwelve-week period. To measure the change
in student competence and brain activations, a paper and pencil test and an fMRI scanning session were administered
before and after the training programs. Unlike the understanding group, the generation group showed significant
changes in classfication ability quotients and learning-related brain activations (cerebra cortex and basal ganglia
were increased and prefrontal cortex and parahippocampa gyrus were decreased). Nevertheless, the understanding
group showed an increased activation in the cerebral cortex and parahippocampal gyrus and a decreased activation in
the right prefrontal cortex and cerebellum. Therefore, it can be concluded that teaching styles could influence
students' brain activation patterns and classification ability. The results might also be used to develop a brain-

compatible science education curriculum.

Key words: teaching-learning style, classification, knoweldge-generating, knowledge-understanding, brain-

compatiblelearning, fIMRI
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Fig. 1 Experimental protocol. Students engage in a repeated crossover design learning program for either
‘category—generating instruction” or ‘category-understanding instruction” throughout 12 weeks. Before each
scanning phase, a paper & pencil test is administered to students to examine category generation ability,
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Table 1
Learning program topics of classification instruction

Leaning programs

Instruction week

Classification topics Areas
1st Various flowers Plant and Microorganisms
2nd Various birds Animal
3rd Various seeds Plant and Microorganisms
4th Various butterflies Animal
oth Various pollens Plant and Microorganisms
6th Various beetles Animal
Tth Various protozoans Plant and Microorganisms
8th Various shells Animal
9th Various mushrooms Plant and Microorganisms
10th Various fishes Animal
11th Leaves of trees and shrubs Plant and Microorganisms
12th Various snails Animal
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Category-generating during classification

Notice (6s) Main task (15s)

Scanning session #1

Category-

(Category-generating task) generating

Response (6s)

Did you classified
these animals?

Fixation (12s)

+ + +
x 10 tasks

X Right
- o +

Category-understanding during classification

Notice(Bs) Criterion (6s)

Scanning session #2

Category-
(Category-understanding task)

understanding

Main task (15s)

Response (6s) Fixation (12s)

Did you understand + =+ +
the classification?

X 10 tasks

0 X, g
Len Right
vuton O, +

Fig. 2 Schematic representation of fMRI experimental design, Each scanning session was consisting of 10
tasks. See the text for explanation.
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Table 2

Bl AARH A

Learning-related changes in the participants' brain activation patterns during the knowledge—generating

classification (n = 26, p { 0,001, FWE corrected)

Talairach coordinates

Lobe Region of activation BA & Side 7, score X v .
Category—generating during classification (category—generating — baseline)
Generating group
Learning-related increase[(Post — baseline)] — [(Pre — baseline)]
Frontal Medial frontal gyrus 1L 6.88 -4 1u -21
Precentral gyrus 6 L 5.04 =44 =7 19
Sub—lobar Thalamus L 6.44 -16 -13 12
R 6.23 6 =27 7
Caudate tail L 5.713 —24 -36 22
Putamen R 6.07 24 2 =2
Learning—related decrease[(Pre — baseline)] — [(Post — baseline)]
Frontal Inferior frontal gyrus 47 L 5.91 —48 15 -4
47TR 6.21 38 25 -10
Temporal Superior temporal gyrus 38R 4,56 30 18 -29
Limbic Parahippocampal gyrus WM R 0.48 24 -3 -23
Cingulate gyrus 24 R 6.23 18 -8 34

Understanding group
Learning-related increase [(Post — baseline)]

No survival voxels

— [(Pre — baseline)]

Learning-related decrease[(Pre — baseline)] — [(Post — baseline)]

No survival voxels

BA: Brodmann area, L: left hemisphere, R right hemisphere, Pre; pre—training , Post; post—training
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Fig. 4 Graphical renderings of the brain activations from direct comparison during category—generating (A,
B, C, D) and —understanding (E) tasks, A: Learning-related increase [(Post baseline)] [(Pre baseline)] (red)
and learning-related decrease [(Pre baseline)] [(Post baseline)] (green) during category—generating tasks in

the generating group. B, C, D. Sub—lobar activations during the category—generating task in the
generating group. E: Learning-related increase [(Post baseline)] [(Pre baseline)] (red) and learning—related
decrease [(Pre baseline)] [(Post baseline)] (green) during category—understanding tasks in the understanding
group, (n =24, p {0.001, FWE corrected). L. left, R. right, A anterior, P: posterior, CauT: caudate tail,
THA; thalamus, PUT; putamen.

she, K| AolalA] B ART Ao A9 A4
BRUFE A AN B9 Sel A s
Ao ofu] Gl FHTAY WSE LA gkt

HTable 2). &, &

Ao & BR5ah W 5542

St AAOA Sh5e] A7} gloks AL ou|git)
oA AFEE] 7HEAA 2 7 olel] Ss5abrgof A1 €
Ty g W3ks A7e Kwon et al.(2009)2] A
oAM= ofsfgl SHYES T wH-2 7HIAEA
AP A= -0l F-ojulgt HskE Holx] ¢kgke
L ARt A= 249 S3to] YT

o] ¢Atoll Al A4 Bhzoll el &4do] St
T G99 RxE AuiEy ) dat st
9-E3] 7|A 3 (basal ganglia) FG-o] A 1

[e] 2~ O "Hae= =z S
3S & 4 otk oA BERE HE AR

4% o) Yxe] 1Y B ohfet U2 Gt mE
A s A7 EA 4= ke AE 9wt
T} Ashby et al. (1998)2 QI7+e] &5 9 71 1170
Ao ®lEskGol| dfd] COVIS (COmpetition
between Verbal and Implicit System) model ©]

o2 i

+ A A o] 21L& AR Bt QltkFig. 5). ©]
peo] Hew BE ke E5 BN DEAD
Gl Qo] AFFESs Fdete Ao gl o
o 7 gelat chulel vl $iAlske wak 8 AR
A4 B3} R 7149 Qelo] A2 Ayet
A A2 o] ko] Qojubs) Hek Aot} o
wol7k COVIS R oA = AdxA (striatum)7F H2}
el SsaA S o Ao AFsHS wle
LM FR3 B B4 gz et o
(Ashby & Maddox, 2005; Poldrack et al., 1999).
R G T L
& ] S04 spte] A|2glo] ofyl BEAel A
25 0] A of| oAt o] Fof X},

Aalo] 17 MRS AN SEA0R RS
Saehs BRWF AASE0) 49 - AN SIS
o] 1277 SR A - = AT Wo A W AL
njeime] BRoge JRE FARSlaL of7|oA A
w7be] ghshiro] olgolAeka & 4= 9t o] AT
o) AlAE AAle] AW BRE ek ARt
Foll 718k & AR = A

|

4 A



Cortex

Extrastriate Visual
Areas(e.g., IT)

Anterior Cingulate

Premotor & Motor
Cortex

Prefrontal Cortex

A
v

Category Catego ;'

Thalamus

Y

Globus Pallidus

-

Basal Genglia

Fig. 5 A schematic depicting the
neuropsychological underpinnings of COVIS
(competition between verbal and implicit systems),
The dotted lines denote dopamine projections, VTA
= ventral tegmental area; SN = substantia nigra;
NAC = nucleus accumbens; IT = inferotemporal
cortex (Ashby et al., 1998).
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Table 3

Learning-related changes in the brain activation patterns during the category—understanding condition (n

=26, p {0.001, FWE corrected)

Talairach coordinates

Lobe Region of activation BA & Side 7 score N . .

Category—understanding during classification (category—understanding — baseline)

Generating group

Learning—related increase [(Post — baseline)] — [(Pre — baseline)]

No survival voxels

Learning—related decrease[(Pre — baseline)] — [(Post — baseline)]

No survival voxels

Understanding group

Learning-related increase [(Post — baseline)] — [(Pre — baseline)]

Frontal Middle frontal gyrus 9L 6.41 -40 10 38
Precentral gyrus 6L 6.32 -44 -14 30

Parietal Inferior parietal lobule 49 L 5.56 —55 =52 39

Temporal Superior temporal gyrus 22 R 5.18 50 -8 0

Occipital Lingual gyrus 18 L 6.23 -4 =72 -6

Limbic Parahippocampal gyrus 36 L 5.11 -18 -34 =17

Learning—related decrease[(Pre — baseline)] — [(Post — baseline)]

Frontal Superior frontal gyrus 9R 5.99 20 46 27
Medial frontal gyrus WM R 5.44 14 38 29

Cerebellum Uvula R 5.33 16 —68 -34
Culmen R 4,21 12 —49 -18
Declive R 5.34 2 -63 -19
Declive of Vermis R 5.19 2 =71 =20

BA® Brodmann area, L: left hemisphere, R: right hemisphere, Pre; pre—training , Post; post—training

(inferior parietal lobule), $-5 “&=5°|=(superior

temporal gyrus), &5 & o|#(lingual gyrus) 12|
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