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da91i3 7 AT zuAuLlsUS s wBIdavevAlsTnel (Two-way Analysis of Covariance)

(atius  A%Tlan 2521 . 315 - ate)

, _ 2 I
I (lx} = ux/npq {Ixy) = GxGy/npq (1y) = Gg/npq
(2x) = ix° (2xy) = LXY (2y) = £v°
2 2
{3x) = (ZAX)/nq {(3xy) = (ZAXAy}/nq {3y} = (EAy)/nq
{dx} = (ZBi)/np (dzxy) = (EBXBy)/np (4y) = (ZBf)np
2 Z
(5x) = (EABX)/H (Sxy} = (ZABXABy)/n {5y) = (EABg)/n
IT AXX = (3x) ~ (1x) Axy = (3xy - (Ixy: Ayy = (3y) - (ly)
BXX = {dx) - (ix) Bxy = (4dxy) ~ (Ixy) Byy = (4dy) - (1ly)
= —_ = o - 3 = 5 .
AB = (5x) {3x) ABxy (5xy) (3xy) Aﬁgy (5y) (3y)
- (4dx) + (Ix) ~- {dxy}) + (ixy) - (4y) + (1ly)
= - = {2 - {5 D = (2 - (5
Exx {2x) (5x) Exy {(2xy) {5xy) Eyg {(2y) (5y)
E° = E - (E2 JE )

gy vy Xy xx




2
IIr E° =E - (E° /E )
vy yy Xy XX
(Axy ¥ Exy)z
(A + E)}” = (A +E ) - A = (A + E) - B
; A
gy vy vy X% + Exx yy Yy gy
(BX + E}{E)2
(B + E)” = (B +E ) = B = (B + E) - E
yy yi yy Bxx + Exx gy vy gy
2
(ABX o+ Ex J
(AB-!-E)'-‘—’(AB{ +E)_ABg+Eg AB” = (AB ' E) - F
yy yy gy XX xx 3 gy gy gy
Source of Variation 55 ar M5 F
MS;
A szdufuigey A° p -1 M5~
gy a
error
MSE
B A Juilunds B” g - 1 M5
gy b
error
MS”
. , P ab
A B AB (p ~ 1)(g - 1) MS
yy ab
error
Error Eyg pg{n - 1) - 1 error
571 - -




N33 LATITHALLLS T I IMuLYdeYEeAlsENaY (Two Way ANCOVA) uasazuuuniaduy

drdnnsfuns lasfiasuatusvads snavnesiu i Souuaz 37 Jufundenoviisnws

#ug (B) BLUE GREEN RED BLACK TOTAL
Sshutu [A) X Y X g X Y X Y X Y
U5 rou () 170 164 | 185 187| 174 200 168 193] 697 744

2

Ansn L( ) 3694 3510 | 4309 4471 3942 5196| 3824 4809|15769 17986
1l 1 LXY 3509 4320 4461 4176 16466
Uszoy () 220 218 218 219 212 226] 209 223| 859 886
Anw 5¢ )% | 6074 5964 6028 6019| 5644 6394| 5473 6243|23219 24620
7 2 LXY 5993 5992 997 5828 23810
Uszeu ) 230 239| =213 233 217 2351 218 231| 878 938
Anw £¢)° | 6620 7041l 5765 6791| 5947 6907| 5964 667924296 27418
i a LXY 6871 6214 6371 6302 25758
15z oy - 224 234 218 224 208 232\ 221 2300 871 920
Anmn I¢ )2 6280 6852 5970 6300 5436 6736| 6145 6622|23831 26510
i a TXY 6548 6111 6024 6371 25054

T¢ ) g44 855 834 83| 911 893 816 877| 3305 3488
TOTAL

z 22668 2336722072 2358120969 25233|21406 24353{87115 96534




{1}
{(ix) = 85336.132 {Ixy) = 90061.250 '(lg) 95048
(2x) = 87115 {(2xy) = 91088 {2y) 96534
(3x) = B6037.968 (3xy) = 90766,437 {3y} 95774.25
(dx) = 85358.406 (dxy) = 90038.031 {4y} 95074.125
(bx) = 86107.625 (5xy) = 80775.750 (5y) 25882
(11}
A = 701.826 A = 705.187 A 726.25
XX Xy Yy
B = 22.274 B = -23,279 B 26.125
XX xy gy
AB = 47,383 AB = 32.407 AB 81.625
XX Xy vy
E = 1007.375 E = 3]2.25 E 652
XX Xy uy
(I77T)
E~ = 555.214
vy
(A - E)° = 772.6033 A7 = 217.3893
vy gy
(B + E})° = 596.992 B = 41.778
vy Yy
AB + E)° = 621.0035 AB" = 6£5.7895
gy vy




n1eAtuaamMIAT taasifuuan (Adjusted Criterion Mean)
ELE A° =13 - b{}l- Lo E )
¥ 7 X3 X
Lo xy 312,25 B
la b == = 1355552 0.39006 = 0.31
XX
FACTOR A <xéufui5uu
1.1 .2 .2 t.4 ﬁﬁtaﬂu
A . 21.768126.84|27.44|27.22| G 3305 _ 55 g2
x f X 128
A . -G 4.04| 1.02| 1.62| 2.40
xJ X :
A . 23.25|27.69] 29.31128.75] 5 = 3285 - 2725
yj y 128
A" = A .~ .31(A .-G ) |24.50|27.37} 28.81]|28.31 27.25
Yy yJ xj x
FACTOR B A uluflundvvoeiisnes
BLUE |GREEN| RED |BLACK A~ Laln
B . 27.38|26.06|25.34| 25.50{¢ = 2392 - 25.82
xJ x 128
B -G 0.56| 0.24|-0.48|~0.32
X X
B . 26.72|26.5, | 2suil 27,416 = 2%8E - 25 25
g3 y 128
B =8 .- .31(B .-G ) |26.55(26.90{28.06|27.51 27.25
y yJj x




r o ! -t d ad pd '
ﬂ11luﬁﬂﬂLnﬂuwuqmﬂﬁLaﬁﬂﬁﬂﬁuuaaﬂauﬁ:ﬂuﬁuL%ﬂﬂﬁﬂ:ﬂﬂlﬂuﬁ1ﬂg

L) L 1
FILUANATIG SHI TR Lﬂﬁil

[uan199zna wnn valls |

. s /n
Ausuuan MbE/n
a: - E; = -~ 2.87 7.2658227%
E; - E; = - 4.31 10.9113820%
Z: - E; = - 3,82 9.6708860%
35 - Z; = - 1.44 3.6455696 »/MsEfﬁ = 0.395
A, - Ay =~ 0.95 2.4050632
A%~ AT = 0.49 1.2405063
3 4
B N Ry s ,_._—_—:—JL— ey = mE = == =
) ™ N d ol e ~ of 'y s o v
A3 Wiy tisuwyanaT taleivsuuaive 0@ iduiiun Seu sk nusfuna ulus g
. HRATNS ZH 1A LA By |HaR1933Ma19A L |
TRl ey
. > M.
ﬁﬂﬂuuaﬁ SE/n
EI; = 26.55 EB - B = - 0.35 0.8860759
B” = 26.9¢ B” - B° = - 1.51 3.8227848%
g b r
B = 28. B! -~ B = =~ 0.9 2.
B’ 8.06 B/ i 0.96 4303797
B” = 27.51 B -~ B = - 1.16 2.9367088
bk s r
= 5, B - B = - 0.6 1.5443037
MS, 00 Bg Tk 1
n = 32 B” - B” 0.55 1.3924050
T bk
* e & ﬁﬂd u‘d = 6
duafgnioadiinazay .05 9 0504, 124) 3.685



L4 1 T - - -
NI LI IRATIN R SUS IUS IV RULDVAYS ZRaU LYY (One Way ANCOVA) vadAzuuuntsduy

[V F |
AadnesduIuuiy

w N o
GRINTIT )

R e I " ST T L -—-..,__"._"._,___.
ud n = 96 fuph n o= 32 TOTAL
X, Y, x, v, X Y
it )r 2489 2611 815 877 3305 3458
2
(zvj) () 65709 72181 214086 24353 87115 96534
XY 68411 22677 91088
xx Xy yy
r° T T T2
1 ¥, 95 ¥y
I (3x ) —— = §4532.51 |- = §7695.614| —— = 71013.76
b I . n
. 1 1 1
T 2 Tx i'y Tj
2 - 20808 .00 11 22363.5 —2 = 24035.281
1l In I
2 2 2
1¥ (2x.) - (3x_ ) F = 1176.49 | E = 715.386 E = 1167.24
J J xxl xyi gyl
E = 598,00 |E = 313.5 I3 = 317.719
XX, x4, ¥Y,
Gfi
P (Ix) = 85336.132\ (1xy} == 90061.25 (ly) = 85048.00
2
Z(2xj) {2x) = 87115.00 | (2xy} = %.088.00 (2y) = 96534.00
R
(ZTX H/n (3x) = 85340.51 | (3xy) = 90059.114 (3y) = 95049.041




XX xy yy
(2) - (1) S = 1778.868 g = 1026.75 g = 1486,00
XX Xy yy
(2} - (3) E = 1774.49 E = 1028.886 E = ]484.959
XX xy oy
(3} - (1) 7 = 5.478 T = ~2.,136 T = 1.041
Xx XX gL
(1026.75)°
57 = = S = J4 - et 2 - . = .
Yy Syy Xy xx) 86 1578 . 568 1486 5892.633 393.367
. .
2 (1028.886)°
ET = ~ (E = J484,969 - ~~——Tra "l
Yy Eyg (Exy/Exx) 4 ? 1774 .49
= 1484.959 -~ 586,569 = 88,390
T £ = E° = 893,367 - 888.390 = 4,977
gy gy gy
nﬁﬁﬁun115Lﬂ11:ﬁﬁ3ﬁuuﬂaﬂ1?u§1u
wource or s df MS F
Variation
Total = 893.367 (&n )-2 = 128~-2 = 126
vy )
Error = 888.390 ! {f(n. ~ 1} -1 = 1251}7.10712
oy J
Tregtment UUR = 5.977 k-1=2 - =1 4.977 0.7002838

F.OS

{1, 125) =

3.92
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The purposes of this study were to investigate legibility of
white letters on different color backgrounds and black background used
in prejection situation for Pratom [ - 4 students, and the differences
inp the legibility among class levels.

The sample of 128 students was obtained by means of Simple Random
Sampling. The instruments used in the study were color slides with Thai
letters on different color backgrounds and black background as produced
by the investigator. Data then were analized by means of Two-way Analysis
of Covariance, One-way Analysis of Covariance and T-Method by Tukey.

The findings were as follows:

l. Different color backgrounds and black bhackground statistically
arfected the differences in legibility of white letters at a .05 level of
significance., Tt also revealed that white letters on a red background
woere significantly more legible than white letters on a bluc one, while
other combinations were egually legible.

2. The legibility of white lettzars on all coloy backgrounds and
black background among different class levels was significantly different
at a .05 level of significance.

The Iegibility of the white letters as shown by Pratom 2, 3, and
4 students was significantly higher than that of Pratom 1 students,
while there were no differences in this matter among Pratom 2, 3, and
4 students,

3. There was no significant difference between the legibility of

white letters on cclor backgrounds and black background.
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