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Developing Quality Control Measures

for Scores of Tests with Continuous Administration Mode

Quality Control (QC) procedures for test scores can be divided into two types: QC on tests that are
administered to large population groups on few administration dates using a small set of test forms,
and QC on tests administered to small population groups on many administration dates using a wide
array of test forms. This research relates to the latter, that is, tests that are continuously administered.
Given that the world of testing is rapidly headed in this direction, research in this field is highly

relevant.

Objectives: The study used data pertaining to 24,548 examinees who took an online test (MEIMAD)
over a period of four years (2008-2012). The goal is to develop QC measures for this test in particular

and for continuously administered tests in general.

Methodology, Design & Results: The study first looked at test administration: A descriptive
examination of a weighted sampling of test forms found that the sampling worked as planned; an
analysis using a chi-square test found that the order of sections in each test form was random, as
planned. Next, we looked at the test items: An analysis using paired t-tests found stability in item
difficulty over time. Several test items that were less stable were examined in depth, but no consistent
reason for their lack of stability could be found. ANOVA was used to examine test form equivalence.
A significant difference was found between test forms, but effect size was small. One particular test
form was found to be problematic, supporting a decision (made before this study was conducted) to
stop using it. Stability of scores over time was tracked using a Shewhart control chart; an undesirably
high level of deviation was found. A substantial part of the overall variance was explained well by
examinee demographics and other variables. When plotting a Shewhart control chart for the predictive
residuals, very few deviations were found over the years in question. Finally, data was extracted with

regard to repeat examinees, which will allow for further QC.

Conclusions & Future Directions: Application of QC methods can facilitate fast and accurate
identification of problems in past and current test forms; research on this subject is conducted in order
to improve QC methods and develop new ones. An important goal is to put these methods into place —
to create, as much as possible, an automatic, routine QC procedure in order to neutralize problems in
real time. Moreover, thought is being given to performing QC in a similar format, within the required

parameters, on other continuously administered tests.

Keywords: quality control; scoring; computer-based testing; large-scale assessment; continuously

administered tests.
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0 13 13 12 31 0 0 0 1636  2010-08
0 12 10 14 34 O 0 0 846 2010-09
0 4 11 13 35 0 0 0 626 2010-10
0 10 6 12 48 0 0 0 123 2010-11
0 13 13 13 29 0 0 0 318 2010-12
0 13 15 13 24 O 0 0 791 2011-01
0 13 12 12 28 0 0 0 481 2011-02
0 13 16 14 38 0 0 0 96 2011-03

9 14 23 27 O 0 0 22 2011-04

12 18 38 13 0 0 0 77 2011-05

14 13 27 18 O 0 0 520 2011-06

14 15 29 14 O 0 0 564 2011-07

10 12 22 18 O 0 0 1244 2011-08

13 12 2 21 0 0 0 1206  2011-09

12 13 0 27 O 0 0 436 2011-10

16 12 0 27 O 0 0 95 2011-11

12 12 0 23 0 0 0 457 2011-12

13 13 0 24 0 0 0 834 2012-01

13 14 0 25 O 0 0 617 2012-02

18 13 0 29 0 0 0 38 2012-03
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Control Limits for ¥ - and R-charts
JMP generates control limits for ¥ _and R-charts as follows.
.
. ko

LCL for ¥ chart = “F'

% +20
ucL for ¥ chart = i
LCL for R-chart = n\x(&zln‘-lc-u,t 70, o}
UCL for Rchart = “2/%/9 % #4(%)0

Center line for Rchart: By default, the center line for the fh subgroup, where k is the number of subgroups, indicates an estimate of the expected

value of R, which is computed as im0 . where 9 is an estimate of o_ If you specify a known value (o) for o, the central line indicates the value of

dytn, . ol 34
2799 Note that the central line varies with n,

The standard deviation of an ¥ /R chart is estimated by

R, Ry

& i

;zlnl ] dylmy)
N

where
X. )
¥ = weighted average of subgroup means
o = process standard deviation
n, = sample size of bl subgroup
d,(n) is the expected value of the range of n independent normally distributed vaniables with unit standard deviation
5‘3(.-:) is the standard error of the range of n independent observations from a normal population with unit standard dewiation

-

N is the number of subgroups for which "#
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?LCL nnnn 8 UCL byn LCL UCL pnn»ue  yxmn N qw-wTIn 2N

above 74.26 90.02 19.99 94.03 78 2009-03

above 75.42 88.87 17.03 101.76 107 2010-03

above 70.54 93.74 17.05 95.83 36 2010-04

above 80.42 83.86 23.86 83.94 1636 2010-08

above 67.31 96.98 12.39 103.91 22 2011-04 nobaR
below 79.12 85.16 23.29 78.78 531 2008-06

below 80.21 84.08 22.17 80.10 1292 2008-09

below 79.36 84.92 23.51 78.46 626 2010-10

below 80.17 84.12 23.79 79.90 1244 2011-08

below 75.00 89.28 16.23 73.88 95 2011-11

above 74.93 89.36 22.86 90.51 78 2008-05

above 74.93 89.36 25.61 93.32 78 2009-03

above 77.47 86.82 22.14 87.01 186 2009-05

above 75.99 88.30 16.05 107.06 107 2010-03

above 71.53 92.76 18.69 100.50 36 2010-04

above 79.96 84.34 21.79 84.44 846 2010-09

above 75.64 88.65 2343 94.44 96 2011-03

apounRnn

above 71.81 92.48 15.43 100.71 38 2012-03

below 80.38 83.91 20.29 79.98 1303 2008-08

below 80.42 83.87 20.58 80.26 1358 2009-08

below 79.14 85.15 21.61 78.43 450 2010-02

below 79.46 84.83 19.84 79.19 564 2011-07

below 80.34 83.95 20.73 79.13 1244 2011-08

below 75.61 88.68 17.89 75.43 95 2011-11

above 78.71 81.95 20.00 82.12 1353 2009-09

above 76.37 84.28 21.07 85.84 227 2009-10

above 74.56 86.09 16.75 92.70 107 2010-03

above 78.85 81.80 19.61 81.93 1636 2010-08

above 77.94 82.71 20.96 83.16 626 2010-10

above 74.24 86.41 20.49 92.71 96 2011-03

above 78.61 82.04 20.53 82.47 1206 2011-09

above 70.66 90.00 17.59 91.16 38 2012-03

below 78.67 81.98 18.52 76.96 1303 2008-08 nenay
below 78.71 81.94 18.60 77.64 1358 2009-08

below 76.27 84.38 23.64 73.53 216 2009-11

below 75.06 85.60 22.18 70.89 128 2010-05

below 77.93 82.72 20.32 76.63 618 2010-07

below 74.95 85.70 24.38 71.04 123 2010-11

below 78.64 82.02 19.45 77.71 1244 2011-08

below 74.21 86.44 17.79 62.11 95 2011-11

below 77.54 83.12 21.77 77.43 457 2011-12

above 369.97 442.51 123.01 455.59 78 2009-03

above 375.27 437.20 77.81 519.18 107 2010-03

above 352.85 459.62 91.81 479.39 36 2010-04

above 398.32 414.16 104.89 414.47 1636 2010-08

above 373.55 438.93 106.75 461.03 96 2011-03 -
above 33795 47453 74.53 485.14 22 2011-04 13*11:':
above 354.28 458.20 82.84 485.63 38 2012-03 ',,7,7:,_"
below 39736 415.11 100.96 391.21 1303 2008-08

below 397.55 414.93 102.10 395.88 1358 2009-08

below 384.44 428.03 118.86 382.47 216 2009-11

below 397.16 415.32 105.26 390.06 1244 2011-08

below 373.37 439.10 86.08 336.57 95 2011-11
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(N=1,542) A1 nomu 92y 79pa nbay

800
750
7004 = UCL
650
600
550 —
5004 - |
T 450- ] r L —
.g 115_'__,__] _—__— _Lﬁ_,__] i =
§4°°' z ———— _'_ x —~— Avg=385.61
s T .
250 _L_,
200+
150
100
50 —LcL
R S L S S
© © © © B B B B ye:rmo(:th © © B B B © © ©
SHDDIT FTITIAT JOR YRR N -2
346.8000 30 2010_05
405.2625 80 2010 _06
377.3879 165 2010 _07
396.3676 204 2010_08
394.1043 115 2010_09
392.7711 83 2010_10
360.8667 15 2010_11
355.2000 40 2010_12
403.3173 104 2011_01
374.5172 58 2011_02
428.6923 13 2011_03
497.4000 5 2011_04
407.2414 29 2011_05
375.6099 141 2011_06
377.5301 166 2011_07
376.6374 273 2011_08
434.3810 21 2011 09
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650
600
550
HucL
500 |——|——- - [7
R | ST |
g 450——_|_ _I I—_—n__l—__'L J‘
2 WL I 7 N ]
400 = 1 T i - Avg=401.03
" B _|__|_
w50 . 1 r 7]
l I
300 I r—LJ—
L‘J_— LdieL
250 T T T T T T T T T T T T T T T T T T T T T
88 583832868835 8888583838 8
(X)l col col col col ool ool ool col wl col (Dl 0" 07' O7| 0)' 0)' 0)' 03' O7| OI
SES88888888¢88¢8¢8¢8¢88¢8¢¢
year month
SRS MR TN YRR N TIR-WTIN
421.8095 42 2008 _05
399.8210 257 2008_06
398.3153 425 2008 _07
384.6541 662 2008 _08
407.162 679 2008 09
363.3457 81 2008 _10
412.1742 178 2008 12
406.8524 454 2009 01
404.6223 413 2009 02
443.7755 49 2009 03
397.4231 52 2009 05
444 .6053 38 2009 06
400.7431 144 2009 07
395.3206 262 2009 08
411.9524 105 2009 _09
530.6250 8 2010 05
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650

600

550 |[__l| ucL

— |

500 A [

o L [ ]
R [ ——— L_— — Y
§400 B — : — - Avg=400.43
= 350- '_1[__'__'_1_‘__ ¥ _l_i—L _I’__'_I_I—' o

300 __]r j| i_ LJ

u LCL

250 L_I

200

150 T T T T T T T T T T T T T T T T T T T

T
SHBOT MR 0N YRR N TI-WTIN
359.8846 26 2010_05
408.6337 101 2010_06
388.9114 158 2010_07
412.4245 212 2010_08
390.2346 81 2010_09
416.9437 71 2010_10
357.0000 7 2010_11
393.6000 40 2010_12
397.5086 116 2011_01
408.4407 59 2011_02
473.8667 15 2011_03
513.6667 3 2011_04
432.5714 14 2011_05
412.8824 68 2011_06
401.2976 84 2011_07
393.6803 147 2011_08
393.9500 140 2011_09
389.8750 56 2011_10
349.6364 11 2011_11
396.6667 57 2011_12
394.0183 109 2012_01
405.0465 86 2012 02
471.2000 5 2012 03
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40

650
600 ——
5501 I
500 L —fuct
450 . —
-E _I__II_
5 400- T =8 Avg=405.28
® e x
= 350 -1 _  T—
300 I—LCL
250 I
S —|
200
150 T T T T T T T T
o [} o -~ N - N [0} < [Te]
L
s & & & & & & & & &g
year month
SHDDIT FTTIAT TN PRI N TI-WTIN
392.4660 191 2009 08
414.9496 337 2009 09
399.9167 48 2009 10
367.5769 26 2009 11
380.4815 27 2009 12
409.6429 42 2010_01
389.8235 34 2010_02
544.3333 6 2010_03
335.0000 2 2010_04
511.1429 7 2010 05




(N=1,645) C2 o3 112y 79pa nbaw

800

750

700 ]
650 |
B |
o] J L | | ppues
500 =
7 4504 L _,__,__.I L—- l Lﬁ___‘__rj_l __,r . __| |
“g 4004 _'__L ——; —— Avg=410.17
s [ _“TL. | n _Ir‘_"_ 1ﬂL._]l__r1Lj —ﬂl
300 | |— | —{LCcL
250
| |
150 |
100 |__
50
-
8I §I E\ EI §I S\ il gl E\ ‘g_l ?I %\ ?I ?I %\ ‘ao_al ‘oojl %\ fl SI EI §I EI § EI
NNNNNNNNNNNy:ar:onThNNNNNNNNNNN
shba57 11oman 1R DINRR N nAR-wTIn
419.3810 21 2010_05
413.8617 94 2010_06
402.3864 132 2010_07
415.2271 207 2010_08
421.4455 101 2010_09
426.2386 88 2010_10
355.2500 12 2010_11
389.4000 40 2010 _12
406.3107 103 2011_01
397.0317 63 2011_02
507.7500 12 2011_03
431.5000 2 2011_04
380.2222 9 2011_05
410.7808 73 2011_06
415.0988 81 2011_07
397.0242 124 2011_08
414 5776 161 2011_09
416.9811 53 2011_10
355.2000 15 2011_11
409.0182 55 2011_12
407.8929 112 2012_01
405.6750 80 2012_02
449.4286 7 2012 03
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550
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E‘ 450__| M| A 'r-L_I R R
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2 == ] _ —— — ¥
350 |_ J_-L—-- L_l
300+ =1
250 Lot
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200IIIIIIIIIIIIIIIIIIIIIIIIIIII
8858328658883 5888858832-258838
8| 8| 8| 8| 8| 8| 8| 8| 8| 8| 8| 8| 8| 8| 8| 8| 8| 8| 8| 8| 8| 8| 8| o oo oo
OOOOOOOOOOOOOOOOOOOOOO085555
N N AN ANANNNONONONONONONONONOGNONONONOGNONOGNONNNONOGNCWN
year month
ShBaT TR TN YRR N TIRW-wTIN
442.3611 36 2008 05
424 2117 274 2008 06
398.2812 441 2008 07
397.9766 641 2008 _08
412.4812 613 2008 09
398.2150 107 2008 _10
419.2447 188 2008 12
412.3056 337 2009 01
404.8000 275 2009 02
475.5517 29 2009 03
372.6098 41 2009 _05
416.4696 296 2009 _06
416.1316 433 2009 07
400.6701 288 2009 08
378.2708 48 2009 09
443.7963 54 2009 10
370.0244 41 2009 11
423.1376 189 2009 12
396.5882 51 2010_01
411.9437 71 2010_02
523.3125 16 2010_03
404.3333 3 2010 _04
496.7500 4 2010 05
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B ©O N~ 0 O O «~ N —W N O & I ©O N 0 O O AN ™ © — N «— AN ™
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SRIIIIIRIIRIRIIIIRRIRRIRR]RRR]RE
year month
LT MR POR YRR N mw-wTIn
367.7500 20 2010_05
409.9298 57 2010_06
407.1798 89 2010_07
426.0603 514 2010_08
420.9008 262 2010_09
407.8623 167 2010_10
420.1333 30 2010_11
424.6226 106 2010_12
411.1377 276 2011_01
419.0180 167 2011_02
429.0000 20 2011_03
476.5000 2 2011_04
432.2000 10 2011_05
421.9868 76 2011_06
405.6133 75 2011_07
398.9280 236 2011_08
427.0409 342 2011_09
411.1000 100 2011_10
343.3810 21 2011_11
403.6047 129 2011_12
405.3913 207 2012_01
400.8267 150 2012_02
502.8333 6 2012 03
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Mean of zd
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2009_07+

2009_05
2009_09-]

B9 TR R YRR N -
463.0323 93 2009 05
394.9391 115 2009 06
396.5732 410 2009 07
394.9449 617 2009 08
416.3882 863 2009 09
412.1680 125 2009 _10
388.4966 149 2009 11
406.6182 275 2009 12
399.4453 274 2010_01
396.8087 345 2010 02
516.6235 85 2010_03
495.9677 31 2010 _04
389.7500 12 2010 _05
393.6000 35 2010_06
405.7432 74 2010 _07
410.4870 499 2010 _08
428.2509 287 2010_09
414.5714 217 2010_10
373.0508 59 2010_11
388.3913 92 2010_12
412.0156 192 2011_01
422.5746 134 2011_02
469.5833 36 2011_03
509.3333 6 2011_04
398.2000 10 2011_05
407.5269 93 2011_06
411.0750 80 2011_07
385.7306 219 2011_08
409.3504 254 2011_09
399.1810 116 2011_10
342.6923 26 2011_11
375.3077 104 2011_12
403.2200 200 2012_01
412.4079 152 2012 02
494.7273 11 2012 03
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SB35 MR TN YRR N TR-wTIN
443.2500 4 2011_04
437.4000 5 2011_05
429.0145 69 2011_06
391.3846 78 2011_07
394.6367 245 2011_08
416.5625 288 2011_09
424.6126 111 2011_10
303.5909 22 2011_11
412.6161 112 2011_12
414.1068 206 2012_01
403.0000 149 2012_02
499.2222 9 2012 03
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P-value t 7w (B) 33P0 @7pn PR npy (B) axn» nTpen 28311 °nn
<.0001* 231.65 0.00 1.68 389.61 Intercept
<.0001* -32.88 -0.23 0.74 -24.32 genderf]
<.0001* 14.75 0.11 1.49 22.02 time_multiplier[1.0]
0.58 -0.55 0.00 1.70 -0.94 time_multiplier[1.25]
0.0125* 2.50 0.03 9.72 24.29 campus[CA]
<.0001* 5.04 0.04 2.94 14.83 campus[RA]
<.0001* -5.01 -0.04 3.43 -17.16 campus[SA]
<.0001* -6.33 -0.05 2.90 -18.38 campus[VA]
<.0001* 6.12 0.06 6.69 40.93 campus[GB]
0.0015* -3.17 -0.03 6.57 -20.87 campus[IB]
0.0003* -3.65 -0.04 6.98 -25.48 campus[MB]
0.0086* -2.63 -0.02 4.43 -11.64 campus[YD]
0.5341 -0.62 -0.01 6.12 -3.81 campus[CE]
0.0063* 2.73 0.02 3.96 10.80 campus[IE]
<.0001* 6.52 0.06 6.63 43.21 campus[JE]
0.1161 -1.57 -0.01 476 -7.47 campus[LE]
<.0001* -4.63 -0.04 3.93 -18.18 campus[MG]
0.2297 -1.20 -0.01 9.41 -11.30 campus[RG]
0.0255* 2.23 0.02 3.47 7.76 campus[CH]
0.0428* 2.03 0.02 5.05 10.23 campus[DH]
0.0005* -3.46 -0.03 5.85 -20.24 campus[JH]
<.0001* 8.49 0.06 2.99 25.41 campus[UH]
<.0001* 20.20 0.17 5.01 101.27 campus[OJ]
<.0001* -71.77 -0.06 3.43 -26.61 campus[CK]
0.004* -2.88 -0.02 5.11 -14.71 campus[IK]
<.0001* 7.05 0.07 6.81 48.02 campus[OK]
<.0001* 18.53 0.15 3.75 69.44 campus[CL]
0.0151* -2.43 -0.05 20.18 -49.03 campus[OL]
0.7991 -0.25 0.00 2.52 -0.64 campus[VL]
0.3868 -0.87 -0.01 3.92 -3.39 campus[CN]
0.0041* 2.87 0.02 4.65 13.35 campus[BO]
0.005* -2.81 -0.06 21.17 -59.50 campus[HO]
<.0001* -11.40 -0.14 9.78 -111.49 campus[MO]
<.0001* -11.44 -0.10 5.83 -66.65 campus[TO]
0.1753 1.36 0.01 4.76 6.45 campus[NR]
0.0051* 2.80 0.03 5.96 16.71 campus[PR]
<.0001* -4.72 -0.04 3.30 -15.57 campus[PS]
0.078 1.76 0.01 4.92 8.68 campus[SS]
<.0001* 4.44 0.04 5.40 23.97 campus[HT]
<.0001* 13.11 0.13 7.04 92.29 campus[IT]
<.0001* -4.01 -0.03 3.93 -15.74 campus|VI]
*p<.05
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