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INTRODUCTION METHOD I: UAV paradigm RESULTS: UAV Experiment CONCLUSIONS

This presentation will present findings from colleagues in the Tufts Unmanned aenal vehicle (UAV) experiment consisted of The UAV experiment showed that using a time series of 1. Uncovering cognitive workload via INIRS could indeed
Human Computer Interaction Lab. As neuroimaging technology 3~7 moving UAVs being added or removed according to the confidence classifications to only change at times of high provide useful information for the user to raise their
improves, human computer interaction no longer has to rely solely on cognitive workload of the user. The participant had to certainty could augment the user performance. The number performance during mentally demanding tasks.
explicit commands of the user to adapt to the users' needs. With dynamically guide the UAVs to a sequence of targets as of successful trials remained consistent for both groups, but 5 Th . ants show that th .
: : : : . . . . o . : . These experiments show that the computers can now
functional near-infrared spectroscopy (NIRS) passively sensing quickly as possible without crashing onto the obstacles. the significant decrease 1n failures was observed. < th et loarn ol fh , Ff]
: . . g . . . assist the user 1n learning or controlling their work flow
the brain activity of the user, people's mental states can now be Cognitive workload was measured by by observing the Adaptively alternating the number of UAVs not only hether that be adiust S i ] S orial t d,t
. : : . . . . . whether that be adjusting the pace of material presented to
inferred in real time, giving the computer an unprecedented general trend, while the UAVs were removed when there reduced the operator's fail rate by 35% over the baseline, o } e b
. C e , . . : : : . the individual or balancing the tasks load on the screen.
opportunity to adapt and optimize itself to fit the user's needs were no obstacles 1n the path because those demanded low but also the variables associated with failures, showing that
without the user expending any of their resources. attentional resources from the user. the Brain-Based Dynamic Difficulty Engine prevents user Findings suggest that fNIRS could have much potential in
oy N 'S R Dynamic Difficulty Engine degrading 1in performance and enable a much longer span of l l ith hi
. 28 \\ improving the performance of users with high-demand tasks.
Experiments from the Tufts HCI Lab that successfully enhanced human , — - N . p s e p - S ,
. . . = « « «|) @ attention. With the resources for cognitive workload finite,
performance through this approach will be explored in the unmanned O :
. . . . | Failures Obstacles Entered Dist. In Obstacles Avg. Neglected UAVs computers could serve as a better gulde for us to
aerial vehicles (UAV) experiment and the brain automated chorales 9 14 600 2 L. ,
: | T T ; maximize the efficiency of our resources.
(BACh) experiment. peguaion || Fivwing | 165 | 12 - . 4
L O e , 175 Furthermore, computers having a better knowledge of the
: - " 10 . . . .
Figure 3. The UAV operator simulation. Figure 4. Closed-loop Dynamic Difficulty : 400 N user's physiology could improve the user experience by
Participants had to navigate the UAVs to a Adaptation Engine paradigm. 5 ’ - controlling their attention span to be in the optimal state
sequence targets while aV()iding moving The fNIRS data were filtered via MATLAB, then 4 6 b t t 1 t t f b d d . t
M ET H O D - fN I R S obstacles (teal octagons) as soon as used to classify the cognitive workload of the user. . 200 125 ciween mental states o1 borecdom and anxicty.
- possible. The participant was penalized When the user was in a suboptimal state with , 4
for flying through them or staying idle. confidence average over 80% (boredom or anxiety), : 100 1 Future research should explore whether the confidence of
. . . . 5 1 1 1 1 [ ] [ J [ ]
fNIRS uses non-invasive near-infrared light to detect levels of Hence, the participant had to balance UAVS were either added or removed to assist the the sensor data could be raised by increasing the number
. speed with control to avoid collision. user 1in maintaining the optimal mental state. 0 _ 0 _ 0 . 0.75 . o . i ]
OXygenatC d (HbO) and dGOXygenate d hemo gIOblIl (HbR) on the SurfaC e Adaptive Control Adaptive Control Adaptive Control Adaptive Control Of SEeNSors. A llmltatlon Of fN IRS 1S that 1t dCtGCtS SIOW
of the head. The light at this wavelength could go through the . osure 7 p?:fl:l';:z graphs showing the effects of Brain-Based Dynamic Diffieulty Engine trends of hemodynamic changes, like the fMRI. Thus, there
biological tissue and bone to be absorbed by thOgIObin in the M ET H O D I I . BAC h pa ra d Ig i I I Upward slopes indicate a better performance with the adaptive condition interface, while will always be a Sllght delay between what the person
bloodstream. downward slopes Indicare agetzerf;rg"sﬁa?fe in the baseline condition. 1he following four experiences and what the sensors tell us. Moreover, fNIRS
.. . . . . . measurces snowedad signiticantly (p . CLICT periormance 1in tne adaptive condaition imiteriace. . . . . . .
Because neural activity is accompanied by increased oxygen demands Brain Automated Chorales (BACh) experiment had the will be limited to only detecting the activity of the prefrontal
in order to metabolize glucose, INIRS can detect activation at localized computer dynamically adapt the level of difficulty of the cortex and fail to target the subcortical areas.
areas of the brain. material according to the user's cognitive state. The R E S U LTS - B AC h Expe riment . . . .
Fioure 1. The fNIRS blaced on the forehead via a . . With research showing that certain level of stress 1s
gure 1. P Vi cognitive workload of the user was measured by how active . .
= headband to detect the prefrontal cortex activity. ho brai It he hasel . h necessary for creative work, future research could integrate
~ Each lights source (optical fibers) of the probe will the brain was relative to the baseline, as previous researc The BACh experiment had measured the participants' brain sensing data from fNIRS with electrodermal activity
: emit near-infrared light at two different wavelength has shown that increased proficiency leads to less necessit : . . .
5 - © . b J Y performance level and those in the BACh group reported (EDA), which logs the stress level via measuring the
(690 and 830 nm) 1-3 cm deep into the cortex. for cognitive workload resources to perform the same task. hioher ratine of masterv over the piece. plavine correct] > .
Biological tissues are relatively transparent to these B AC condition - Level 1 Normal Condition g g . Iy p i playing Y sympathetlc nervous system arousal, to IlOtlfy the user at
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deoxygenated hemoglobin the main absorbers of the | d (I / ot : : .o :
near_?ffmred light : o : b lowrdd s rraped group. Personalization of the progress was also evident from the computer implicitly detect the objects the user finds
. » : ' — -t Db the time each participant spent on each difficulty level. ' ' : '
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