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2. Methodology
2.1. Process Control Task
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. Characteristics of The System
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. Automatic Feedstock Pump Control Algorithm
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TasLE 1
The control algorithms of the feedstock pump used in Lee and Moray {1992} and the
current experinent

Used in Lee and Moray (1992) Current experiment
Input vat range Contrel relation Input vat range Contrcl relation
=750 Piar = Prar + 17 =750 Prate = Prate + (se.point + 10 — Prate) /3
600750 FPrar = Vatin + 3 6O0-750 Prar = Ptar + 2
400—-600 Prar = Vatin +3
350=400 Ptar = Prar — 3 300-600 Prate = Prate + (seipoint — Prate)}2
150-350 Ptar = Vatin — 8 150-300 Prar = Prar =2
=150 Prar = Prar + 16 =150 Praie = Prare — 823

Prar = target  pump rate, Prare = curreni pump  rate, Vadn = infiow rate tw the inpul wvat,
setpoint = mean inflow rate 1o the input vat.

Lee & Moray(1992)
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. The Operators’ Task
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2.5. Introduction of Faults
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2.6. Subjective Questions
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1. How high was your self-confidence in controlling the feedstock pump?
2. How much did you trust the automatic controller of the feedstock pump?
3. How high was your self-confidence in controlling the steam pump?
4. How much did you trust the antomatic controller of the steam pymp?
5. How high was your sell-confidence in controlling the steam heater?
6. How much did you trust the automatic controller of the steam heater?
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3. Results

3.1. A General Overview and A Qualitative Analysis of Allocation Strategies
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Table 2 1%, 2 HHDOEND 6 47T, KHirReE 2 BBV 44K LcEE 2 rd
TABLE 2
The average use (in percent) of the automatic controllers by

each of the 12 operators during the first six trials of the second
day, with the standard deviation in parentheses

Feedstock pump  Steam pump  Steam heater

Operator (S.D.) (8.D.) (8.D))

Group AM 99.75 86.16 0.75
1 (0.61) {33.85) {0.88)

2 25.41 100.00 18,08
(36.85) {0.00) {40.14)

3 0,83 1.83 B5.25
(0.81) (1.12) (20.45)

4 91.50 5.25 100.00
(9.57) (8.72) (0.00)

] 4.41 100.00 2.00
(7.93) (0.00) (4.89)

6 B8.58 1.58 100.00
(7.53) (1.16) (0.00)

Group MA 0.75 275 3.47
7 (0.41) (1.29) (1.68)

8 15.75 100.00 100,00
(9.7 (0.00) (0.00)

9 075 358 4.75
(0.41) (2.31) (1.69)

10 341 0,75 100,00
(3.78) (1.83) (0.00)

11 0.73 100,00 18.83
(0.52) (0.00) (39.96)

12 5083 £3.33 16.66
(26.27) (40.82) (40.82)
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TaBLE 3
The allocation sirategies of operators 1-12, where ecach row represents a different

combination of automaric and manuwal conrrol and the numbers represent the
operators who adopted those allocation schemes

Feedstock pump Steam pump Steam heater  Normal Fault with manual Fault with automatic

A A M 1 1

A MX MX 4

A M A 4 4
MX A A 8 8 ]
MX A MX 2
MX A M 2,512
MX MX M 1,2,12
MX M A ] 4]
MX MX MX 12
MX M M T

M A M 5 11 5
M M A 3,6,10,11 3,10 won
M M M 7.9 g 7.9

M represents an average of less than 15% reliance on the automation, A represents a greater than 85%

reliance on the automation, and MX represents a mixture of automatic and manual control {greater than
15%, but less than 85%).
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3.2. Trust, Self-Confidence, and Reliance upon Automatic Controllers
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3.2.1. A qualitative analysis of the use of automation
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3.2.2. Multitrait-multimethod analysis
® Table 4%, £V T T RAT LCEBTHEFLE BEDZAS(T - SC) & A ByHIEEEH RO
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TaBLE 4
A Muliitrait-multimethod matrix showing the mean of z-transformed correlation
coefficients of the difference between trust and self-confidence and the use of the
automatic comtrollers for 12 operators, n =128 for each operator. T - SC is the
difference between operators® subjective ratings of trust and self-confidence

Use of automatic Use of automatic L'se of automatic

feedstock pump steam pump steam heater
T = 8SC feedstock pump 0.32 —0.01 0.10
(p <0.005) N.S. N.S.
T —SC steam pump 0.08 0.27 0.00
N.S. (p < 0.005) N.S.
T — SC steam heater 0.10 —0.05 0.53
N.S. N.S. {p=0.001)
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3.2.3. Logit functions
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3.2.4. Exploratory behavior and interacting subsystems
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3.2.5. Time series model of trust, self-confidence and automation
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4. Conclusion
® T OWETIE, HEMEFERIZBITAHEOEEMEICHOWTHT L



2010/07/05
i
FH2Y - FiR

> TORE, BEMEEAIE, FEEBEOENIUEFET LI LRWALNER-T

B L BIEOESOZEME, B bEHOZE( LR BT 5

> THAF—E, ARV OFBEEHE BEICOVWTEET LILERD D

> WUIRNRT =~ ADT 4 — RNy 7 &bz, @O Ak AR R E

HEMEAERIE, MBI ABE 26 L7cRBRICKFET 5

> o CTHEME A HT 5 AEelk

> AGICHE FEEUIDRZ O DMIEN B

FRL—ZIFIEFEHT A T A %F> T D

> THAF—1E, BIEO AT 4=~ ARERLTVTH, A —Z T TE3EREELTT
AIREMEZ B E T D BN D D

Future work

> EBROREE, AHOFRTHEM LI AT LIV EMETH D

> BRI BB D ER OB 2

> EEEBENEDO XS ICHIERIIEST 2 D0y, FEM7ZR RS L2

10



|'ihrluw= 31.2 I

[
Yol 425
i TN S stfiow = 3202;

Temp 29 | R :
sitemp = 3045 | ———

B

gé [totel wesle 9B | ‘

|

|totel output = 33 |l

pumprate=_ 328 |

=
| )

Frisure 1. The mimic diagram of the pasteurization plant.
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Froure 2. An illustration of the plant with the location of the faulty subsvstem encircled by a dotted line.
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Ficure 3. The two experimental groupslafd the occurrence and type of faults,
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Number of times plant shutdown

Ficurg 4. The fluctuation of plant cficiency and the occurrence of plant shutdowns, for the two
experimental groups: {a} order 1. FA followed by FM; (#) crder 2: FM followed by FA. Each point
represenis data from six operators. {N=normal operations, FM = fault affecting manual control,
FA = fault affecting automation.)
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FIGURE 5. The fluctuation of trust in the automatic controllers, for the two experimental groups: (a)
order 1: FA followad by FM; (b) order 2; FM followed by FA. Each point represents data from six
operators, (N = normal operations, FM = fault affecting manual control, FA = faull affecting automation.)
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Ficure 8. Trust, self-confidence, and the use of the awomatic feedstock pump for Operator 6.
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FiGURE 9. The use of the automatic controller of the feedstock pump as a function of the difference

between trust and self-confidence (a single outlying data point at T —5C =6 and % Automatic =0 has
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Ficure 10, The use of the automatic controller of the steam pump as a function of the difference
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logit function.
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FiGurg 11. The use of the automatic controller of the steam heater as a function of the difference
between trust and self-confidence. This graph represents the pooled data of all the operators, fitted by a
logit function.
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Figurg 12. The percentage of trials with predominantly manual control, when trust exceeded
self-confdence (exploratory behavior). The data in this figure has been pooled over all 12 aperators.
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FiouRre 13. A block diagram representation and discrete differential equation showing the factors thai

influence the use of the automatic controllers. Al and A2 represent the weights of T~S8C and the

individual bias towards manual control, a(t) represents normally distributed independent fluctuations, and
¢ represents how strongly the current use of automation depends on the past use of automation,
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