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Fig.2 Fluid circulation microworld.
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There are seven propositions, A through G. Three students, Rhea, Sarah,
and Tiffany have investigated the propositions
(1) Assuming Propasitions D, Rhea proved Proposition C. Based on thal,
she proved Proposition G
(2) Assuming Proposition F, Sarah proved Proposition C Basad on that,
she proved Proposition B
(3) Assuming Proposition A, Tiflany proved Proposition G. Based on that,
she proved Proposition D, and she further proved Proposition F
The students have confirmed that every proof given in (1) through (3} is
correct.  They are now invesligating propositions which are equivalent 1o
Proposition C.  How many propositions can they find, excluding Proposition C

itself?

Fig.4 An example of a problem-solving subtask.
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Fig.5 Control panel.
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Table 1 : Schedule for Experiment 1

Trial

Day 1 y. 3 4 5 b

1 n p(60) h1(90) p(60) p(60) -

2 p(150) n h1(100) n p(40) —

B h1(250) p(130) n n h2(180) 1(100)

w=+0.2

4 h1(120), h2(120), 1(70) m=-0.2, n — o
1(200), o = +0.2 p(180) p(100)

5 p stage 2 (80), h1(110), 1(70) @ =-0.1, n 1(130) m =-0.2, —
1(150)0 = +0.2 p(180) p(110) p(150),

h2(180)

Note. n=no failure; p = pipe rupture; hi = heater i failure; 1 = level indicator failure. x(y)denotes the
Event x occurs at time point y. o denotes coefficient for linear growth of error in the reading of the level
indicator.

BREBE
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Fig.6 Location of switches for mode selection of the auto-supply system and the

auto-shutdown system.
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® Automatic feedback control hides a failure
Table 2 |1 Z/3A 7 O & 72 & ZITHHLD T T BefE & main pump O filf#HE
— R(E&E)or FENORAKRZRL TS
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Table 2 : Awareness of Pipe Rupture and Control Mode of the Main Pump

Control Mode of the Main Pump

Pipe Rupture Automalic Marnual
Repaired in the first stage 6 14
|(t‘|_‘-.]1l'\'\i in the second stage 22(6%) 4
Accident occurred 3 0
"The plant was shut down by auto-shutdown system six times in 22 cases.
e HiY
L= A F =T —ANRED X IR E L 52 52083 5
o i
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¢ F1: Level indicator of Tank 1 (D1) started to give an erroneous reading when
286 sec elapsed from the beginning of a trial. The coefficient, ®, of the error
growth with time in the reading of D1 is +0.2.
¢ F2: Level indicator of Tank 2 (D2) gave an erroneous reading when 169 sec

elapsed. The coefficient m is -0.2.

« F3: The fluid began to leak at a site between Tank 2 and FR1 when 39 sec

elapsed.

« F4: Heater 1 failed when 286 sec elapsed.
¢ F5: Heater 1 failed when 234 sec elapsed.
+ F6: Heater 2 failed when 169 sec elapsed.

Ay 22— )% Table 3
Table 3 : Schedule for Experiment 2

Trial

Participant 1 2 3 4 5 [ 7 8 9 10

Group A
sl F5 F3 N N N N R2 F4 F1 Fé6
s2 F4 N F2 N F3 Fé F1 N N F5
s3 F3 F5 Fé6 F4 N F2 N N F1 N
s4 F4 F2 N N N F3 F1 F5 N F6
s5 F6 F5 F1 N N F4 N N F2 F3
s6 F2 N F4 N F1 Fa N F3 N F5
s7 F2 F4 N N F3 Fé6 N F5 F1 N
s8 F4 N F1 N Fé N F3 N F2 F5

Group B
s9 F6 F3 F1 F5 N F2 N N N F4
s10 N F3 F1 F2 F5 F4 N F6 N N
sl N F4 F3 F2 N Fé6 N F1 F5 N
s12 F3 N N F6 F4 F5 N N F2 F1
s13 N N N F2 F5 N F4 F3 F6 Fl
sl4 F3 F5 N F6 N N N F4 F1 F2
s15 F3 N F2 N F1 Fé F4 F5 N N
sl6 F3 F2 F4 N N F1 N Fé N F5

FIE
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® Acquiring skills for controlling the plant
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% (Fig.9)

Mean, Box Mean-SE, Mean+SE, Whisker Mean-S0, Mean+50D

6000

7000 ¢ = A;

HH 5

GROLIE

Fig.9 Learning curves for acquisition of controlling skills.
® Fault management
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Fig.10 Cumulative plots of time to detect a failure.

Fig.11 An example of log-normal plots of time to detect a failure(Group A, F1).

Table 4 : Parameters of Log-Normal Plots

A B
Failure 1.5 195 L5 1.95
F1 54 88 111 1173
F2 80 223 49 153
F4 61 697 157 1300
F5 16 64 42 90
Fé6 26 63 5 98
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