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X Project Objective o Methodology cont. )
- Increasing complexity of human-automation interactions necessitates || Human Subject Study: .

automation that is responsive to human cognitive behavior to avoid its || * Obstacle avoidance game with automation assistance mg;‘;‘{fﬁ{'ﬁ,ﬁ'm completes final
misuse, disuse, and abuse [1]. - O acts as a proxy of the input of the automation that e ” participant survey
- Trust and self-confidence cognitive states affect the human’s decision to rely scales the human's input u while playing the game ey s :
on automation [2] but most existing model frameworks consider only trust. * Participants enable (a = 1) or disable(a = 0) automation P partcipan G
« The ability to estimate and predict cognitive states enables autonomous assistance prior to each trial - ornet il = :‘4 | |
systems to aptly respond and adapt to humans for better task performance. Umoa = (1 —a@)u + abu Wai for Response K it o Response | Upoq = (1 — a)u + afu
- BUT a mathematical model of human cognitive state evolution is required Data Collection: 340 participants’ behavioral data used for _ ves
Objective: Develop a probabilistic dynamic model for real-time model parameter estimation _ . Edfd@ — i
estimation and prediction of human trust and self-confidence Sy§tem Identification angl Machmg Learning: . .
behavior Trained POMDP model using behavioral response data and a genetic algorithm
. | | | ,, P N
51u]nl-?.1lgg;asuraman and V. Riley, “Humans and Automation: Use, Misuse, Disuse, Abuse,” Hum Factors, vol. 39, no. 2, pp. 230-253, 4 Results ) Future wo l'k al‘ld Potential
[2] J. D. Lee anq N. Moray, “Trust, self-confidence, and operators’ adaptation to automation,” International Journal of Human- \_ ) I
Computer Studies, vol. 40, no. 1, pp. 153-184, 1994. . . mpaCt Of ResearCh
Transition Probabilities: Collsion PTG DT vevel - J

f Methodol 1|* Demonstration of Attribution owos omms(En) | @Rosis owns From self reported data:

L ethodoliogy J|  Theory: depending on o « T|SCland T1SC| y
Trust and self-confidence modeled States Trust and Self-Confidence performance and input from | correspond to 28 o 08
using Partially Observable Markov Actions Collisions. Game Time. © Level the ggtomatlon gsswtange, o poor perfqrmance. : 2} ’ ; .
Decision Process (POMDP) ovsarvatons | 1 eporey o Particpants AlibUle el s soomsuson | oacaor ||| Sombinations of g —
Coupling exists between ported Self-Confidence successes and failures to eﬁher Do batilitios e | Probability T-SC states result : | . S
« Trust and Self-confidence states ;:'?ll)sai;iitl)i?y t(s'ls, @) = T(sp|sp, S0 @)T(sh|Sr S50 ) themselves or the automation. 1 e in different reliance °°' 02

across consecutive time steps ——— « For overa!l peﬁormancg |mprovement case shown, 008/ o behaviors 0 e e 0
« Reliance observation and trust and Probability e(ols) = e(oglst, ssc) (osclssc) SC level likely to be maintained. %:,0_67 States
self-confidence states. f\ § o [If" — Performance attributed to automation. 2ou | || Closing the Loop: Design feedback control
Therefore, coupling is applied to © T —>_Pe_rformance a_tt_rl_buted to human. 2 /:/,x’_’Tru;t,Augo_%gf . algorithms to calibrate the human's self-confidence
« formulation of the transition probabilities ... ... Reliance Emission Probabilities: [ mmmews ||| and trust. Behavioral trends from self-reported data
(probability of transitioning to the current * SCt — Trustis proportional to likelihood to rely O e mosiiarae .|| can be incorporated in future algorithm design.
state given the previous states and actions) 7 . SCJ, — Reliance likelihood almost equally distributed 1 - Generalize the model to other contexts: Adapt
* emission probabilities (probability of observing Model Performance: 208 POMDP framework to other HAIl contexts and
the emitted observation given current state). e gt » Receiver operating characteristic (ROC) curves are  %os incorporate other control algorithms in place of ©.

- S generated for both the cognitive states and reliance  2,,!
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