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An exploration of ninth graders’ discernment of force on objects in a
buoyance situation and their understanding of the concept of equilibrium

Ching-Yu Chiang
Abstract

This dissertation aims to explore if junior high school students (ninth grade) could identify
all the acting forces exerted on a floating object in different circumstances when they deal with
buoyancy problems. In addition, this thesis also studied whether students could distinguish the
relationship between all the acting forces in different circumstances based on the concept of
equilibrium.

Our research sample involved 105 junior high school students in Taoyuan County, Taiwan.
A test written by the author was exploited as an investigation tool which focuses on the
identification of applied forces, force diagrams drawing, as well as the determination of the
relationship between buoyancy and gravity on the objects being studied. This test would reveal
their conception while they worked on the buoyancy problems. On the other hand, in order to
fully understand what extent students could reach with respect to the concepts of “exerted
forces” and “equilibrium of forces”, interviews with 18 students via half-structure protocol
were also pursued and interpreted. The results are expected to help understand their
comprehension as well as the difficulties they may have in learning the concept of

buoyancy. The findings are summarized as follows:

1. When fewer forces were exerted on an object, the better force diagrams were drawn
and the forces better identified.

2. In drawing force diagrams, some students tend to identify the force of buoyancy and
gravity easily while neglecting forces.

3. Some students mistook pressure as an acting force.

When students used buoyancy equation to resolve problems, they could not
simultaneously consider the variation between object volume and liquid density, but
rather focus on one quantity, thereby leading to some misjudgments.

5. Some students judged buoyancy intuitively: the larger the buoyancy force is, the
easier the object would rise; the smaller the buoyancy force, the easier the object
would sink.

6. Some students could not understand the real cause of buoyancy, leading to the
misunderstanding that the buoyancy force would differ while an object is differently
positioned in a liquid.

7. Some students are not able to differentiate between floating and sunken bodies.
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Eigenvalue Difference Proportion Cumulative
1 12. 4085498 10. 3589945 0.7438 0.7438
2 2. 0495553 1. 3620517 0.1229 0. 8666
3 0. 6875036 0.1138470 0.0412 0.9078
4 0.5736566 0.1622894 0.0344 0. 9422
5 0.4113672 0. 0788328 0. 0247 0. 9669
6 0. 3325344 0.0274378 0.0199 0. 9868
7 0. 3050966 0.0716599 0.0183 1.0051
8 0.2334367 0. 0159882 0.0140 1.0191
9 0.2174485 0.0133363 0.0130 1.0321
10 0.2041122 0. 0861751 0.0122 1. 0444
11 0.1179371 0.0311726 0.0071 1.0514
12 0.0867644 0. 0529877 0. 0052 1. 0566
13 0.0337767 0. 0319956 0. 0020 1. 0586
14 0.0017811 0. 0339400 0. 0001 1.0588
15 -0. 0321589 0. 0027509 -0. 0019 1. 0568
16 -0. 0349099 0. 0033562 -0. 0021 1. 0547
17 -0. 0382660 0.0174868 -0. 0023 1.0524
18 -0. 0557528 0. 0368020 -0.0033 1. 0491
19 -0. 0925548 0. 0229368 -0. 0055 1. 0436
20 -0. 1154915 0.0087302 -0. 0069 1. 0366
21 -0. 1242217 0. 0175320 -0.0074 1.0292
22 -0. 1417537 0.0209065 -0. 0085 1.0207
23 -0. 1626602 0.0198211 -0. 0097 1.0109
24 -0. 1824813 -0.0109 1.0000

2 factors will be retained by the NFACTOR criterion.

AFE E B % 3 e 472 (Principal Axis Factor Analysis) @ & b
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3 g% Harris—Kaiser #&fhiz » =3 { FlE2 e o d Fl2HNELT F B
LW R HER M d & 3-3-4 %)% f =& (factor loading) ¥ &> 1-1 »
2-1~3-1~4-1-5-1~6-1~7-1~81~9-1~10-1~11-1~12-1 8EH**F % - > R
RFTWAZERP A F R L (F* 4 ek o [-22-23-24-25-26-2 -
T-2~8-2~9-2~10-2~11-2~12-2 8> FlE = > REAF LA GLHP DL
et THEORE Y -

%3-3-4 34 B AT p% 2 Harris—Kaiser## shis agk ;N sl

AR Factorl Factor?2
1-1 0.97863 -0. 19420
1-2 0.02387 0. 77817
2-1 0. 95819 -0. 13513
2-2 -0. 17620 0.88419
3-1 0.77222 0.09184
3-2 0.18598 0.61474
4-1 0. 94845 -0. 05988
4-2 0. 34485 0.50228
5-1 0.99302 -0. 09325
5-2 -0. 05706 0.81081
6-1 0. 86633 0. 04645
6-2 0.16315 0.56479
-1 0.79907 0.05115
-2 -0.15739 0.42024
8-1 0.92206 -0. 01293
8-2 -0. 15586 0. 86989
9-1 0.59357 0.28847
9-2 -0. 14158 0.77948

10-1 0.87544 -0.07014

10-2 0.16419 0.40815

11-1 0. 63327 0.21135

11-2 0.02171 0. 65810

12-1 0.40240 0.39957

12-2 -0. 06899 0.59536

¥oob o B E A 4reh %3 1 (Reference Structure) Rl4c# 3-3-5 #77r » &
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1B e
# 3-3-0 4 FHRNLPIR2Z FF A 4105 F BiEL
5 Factorl Factor?
1-1 0. 69522 -0. 13796
1-2 0.01696 0.55282
2-1 0.68070 -0. 09599
2-2 -0.12517 0.62813
3-1 0. 54858 0.06524
3-2 0.13212 0.43671
4-1 0.67378 -0. 04254
4-2 0. 24498 0. 35682
5-1 0. 70544 -0. 06624
5-2 -0. 04054 0.57600
6-1 0.61544 0. 03300
6-2 0.11590 0.40123
7-1 0.56766 0.03633
-2 -0.11181 0.29854
8-1 0. 65503 -0.00918
8-2 -0.11072 0.61797
9-1 0.42167 0.20493
9-2 -0.10058 0.55374
10-1 0.62192 -0. 04982
10-2 0.11664 0.28995
11-1 0.44988 0.15014
11-2 0.01542 0.46751
12-1 0. 28586 0. 28385
12-2 -0. 04901 0.42295

RGP EFHE FARFE AL TRABFEE FL 455 - i
e i > aF i 2@ gAY o
(=) &

SRRRAE L TR Y PR AP R AP FRS FERY Z 254 By
120 A SR FARE IR 25 0 S IPF W REZ R T80 5 et A5 98 4 o

R SERR R R AT R AT R ATEA K R A R R - KL E AT %
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# 3-3-8 ARG R ~ R Z FHHR

o B B AT we | BAP| &WAED| &a
-1 | 0.63 | 0.7
Tl aemaewd spa | 21 | 0.61 | 0.74 | 0.900
i 3-1 | 0.51 | 0.78
%l 41 | 0.57 | 0.74
R enge 1Y 5-1 | 0.55 | 0.82 | 0.943
f? 6-1 | 0.57 | 0.78
- -1 | 0.57 | 0.7
T o 81 | 0.56 | 0.76
TBF BAET A ARR IR e Rl 91 0,49 0. 82 0.873
. 10-1 | 0.52 | 0.76
s £ H Wk T ey UL 045 1 0.8 1) og
12-1 | 0.36 | 0.72
" -2 | 0.6 | 0.75
y 3 %R R Y Rl 9-2 | 0.55 | 0.79 | 0.775
E 32 | 0.57 | 0.6
& 4-2 | 0.54 | 0.63
%) R enge 1Y 52 | 0.59 | 0.69 | 0.818
i 6-2 | 0.49 | 0.8
i -2 | 0.22 | 0.07
j AT A ARR R e g 2:2 8;12 8 g;l 0. 652
¢ 10-2 | 0.51 | 0.6l
i . 11-2 | 0.53 | 0.72
. SH k4 e R 0.525
% 12-2 | 0.53 | 0.59

GIRAHEA Y B 0 RAHE R BPEA R KT A w44 % 5 (0.T6=P<
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Z0.7-

¥ - 3R A 4 TErRErier 4 B iram e 0 H- RRZMEY il
Cronbach’s Alpha % 0.775 ~ R# *t58F 4=+ <14 48 Cronbach’ s Alpha % 0.818 ~
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LA 1054 HO RFEALE8A (T 1
@aE3A(F4:3 08404 A% A ke 4-1-1 5
2RI E AR AR 4-1-15 9 22 3 B A RS E X g2 A i 4eR] 4-1-2¢

304-1-1 B2 B A A B A M 4

>HF 4 34 -2

. — — —

B A A EL/,,\%;E A ﬁz/,,\ip & - i\iﬂ
3 3 2.86 2.86 3 4.92 4.92 0 0.00 0.00
4 3 2.86 5.72 2 3.28 8.20 1 2.27 2.27
5 5 4.76 10.48 3 4,92 13.12 2 4.55 6.82
6 5 4.76 15.24 4 6.56 19.67 1 2.27 9.09
7 6 5.7 20.96 5 8.20 27.87 1 2.27 11.36
8 6 5.7 26.67 2 3.28 31.15 4 9.09 20.45
9 1 0.95 27.62 0 0.00 31.15 1 2.27 22.73
10 2 1.90 29.53 0 0.00 31.15 2 4.55 27.27
1" 2 1.90 31.43 2 3.28 34.43 0 0.00 27.27
12 1 0.95 32.38 1 1.64 36.07 0 0.00 27.27
13 0 0.00 32.38 0 0.00 36.07 0 0.00 27.27
14 0 0.00 32.38 0 0.00 36.07 0 0.00 27.27
15 1 0.95 33.34 1 1.64 37.711 0 0.00 27.27
16 3 2.86 36.19 1 1.64 39.35 2 4.55 31.82
17 2 1.90 38.10 2 3.28 42.62 0 0.00 31.82
18 0 0.00 38.10 0 0.00 42.62 0 0.00 31.82
19 1 0.95 39.05 0 0.00 42.62 1 2.27 34.09
20 1 0.95 40.00 0 0.00 42.62 1 2.27 36.36
21 0 0.00 40.00 0 0.00 42.62 0 0.00 36.36
22 1 0.95 40.96 0 0.00 42.62 1 2.27 38.64
23 4 3.81 44.76 4 6.56 49.18 0 0.00 38.64
24 1 0.95 45.72 0 0.00 49.18 1 2.27 40.91
25 0 0.00 45.72 0 0.00 49.18 0 0.00 40.91
26 4 3.81 49.53 2 3.28 52.46 2 4.55 45.45
27 1 0.95 50.48 0 0.00 52.46 1 2.27 47.73
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28 2 1.90 52.38 1 1.64 54.10 1 2.27 50.00
29 1 0.95 53.34 1 1.64 55.74 0 0.00 50.00
30 1 0.95 54.29 1 1.64 57.38 0 0.00 50.00
31 3 2.86 57.15 3 4.92 62.30 0 0.00 50.00
32 0 0.00 57.15 0 0.00 62.30 0 0.00 50.00
33 4 3.81 60.96 3 4.92 67.22 1 2.27 52.27
34 2 1.90 62.86 2 3.28 70.49 0 0.00 52.27
35 1 0.95 63.81 0 0.00 70.49 1 2.27 54.55
36 3 2.86 66.67 0 0.00 70.49 3 6.82 61.36
37 1 0.95 67.62 1 1.64 72.13 0 0.00 61.36
38 3 2.86 70.48 1 1.64 73.77 2 4.55 65.91
39 1 0.95 71.43 0 0.00 73.77 1 2.27 68.18
40 1 0.95 72.38 1 1.64 75.41 0 0.00 68.18
41 3 2.86 75.24 1 1.64 77.05 2 4.55 72.73
42 3 2.86 78.10 2 3.28 80.33 1 2.27 75.00
43 1 0.95 79.05 1 1.64 81.97 0 0.00 75.00
44 5 4.76 83.81 3 4.92 86.89 2 4.55 79.55
45 3 2.86 86.67 1 1.64 88.53 2 4.55 84.09
46 1 0.95 87.62 1 1.64 90.17 0 0.00 84.09
47 1 0.95 88.57 0 0.00 90.17 1 2.27 86.36
48 1 0.95 89.53 1 1.64 91.81 0 0.00 86.36
49 0 0.00 89.53 0 0.00 91.81 0 0.00 86.36
50 2 1.90 91.43 0 0.00 91.81 2 4.55 90.91
51 0 0.00 91.43 0 0.00 91.81 0 0.00 90.91
52 1 0.95 92.38 0 0.00 91.81 1 2.27 93.18
53 2 1.90 94.29 1 1.64 93.44 1 2.27 95.45
54 2 1.90 96.19 2 3.28 96.72 0 0.00 95.45
55 0 0.00 96.19 0 0.00 96.72 0 0.00 95.45
56 0 0.00 96.19 0 0.00 96.72 0 0.00 95.45
57 2 1.90 98.10 1 1.64 98.36 1 2.27 97.73
58 2 190  100.00 | 1 1.64  100.00 1 227  100.00

st 105 100 61 100 44 100
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w5 ) A | TiaE | REi t & P& |effect-size

g4 61 25.03 16.98

Ry -1.160 0.249 -0.114
4 4 44 28.91 16.78
g4 15 47.67 5.88

Fam .0.853 | 0402 | -0.169
+ 4 11 49.55 5.05
g4 31 23.71 10.19

LAV -2.097 0.041x% -0.282
4 4 22 29.50 9.49
72 15 5.13 1.46

[RPAN:E -3.005 | 0.006%x | -0.504
4 4 11 7.09 1.87

¥P<.055 **¥P<. 015 *xxxP< 001
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204-1-5 v 4 pRmepu L B2 B G

KRS PERT A dk Tiag | {LEXL t e P i |effect-size
54 61 10.03 8.68

FERY -1.040 0.301 -0.105
&4 44 11.83 8.41

‘ g4 15 19.53 2.50

B A e -0.731 0.472 -0.143
4 11 20.27 2.61
g4 31 10.19 7.36

AU N} — -1.671 0.101 -0.232
L4 22 13.32 5.64
g4 15 0.20 0.56

WA — -0.306 0.762 -0.058
4 11 0.27 0.65
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KRS PERT A dk Tiag | {LEXL t e P i |effect-size
54 61 15.00 9.72

Ry -1.090 0.278 -0.107
4 44 17.11 9.92
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