Examining Survey Mouse Movements as Indicators

of Individual Cognitive Functioning

*
Introduction ' Evaluate Feature Importances in Machine Learning using SHAP
* Mild Cogmtlve Impalrment is a condition in which | Correctly Classified Samples (n=663) ik Misclassified Samples (n=91) ik
I ig ig
. . |
people have more memory or thinking problems than | 2 Hovers 2 Hovers
|
other people their age [1, 2] : 5_MD_below 2 acc_min ¢ :
_ _ _ : 1 _ypos_min co o 5 MD below
* Mouse Movements in survey could be a window into |
I 3 Xpos_min . 8 xpos flips .
e |
Cognltlve processes [3] I working_0 No 3 Xpos_min
|
 Shapley value, a concept from cooperative game : gender T Male L ¥pos iy
: 3 hovers 2 MD_above time .
theory, is increasing| in machine learning t
eory, is increasingly used achine led 910 : 4 vel_max 7_MD_above_time .
interpret and understand the contributions of individual : 2_Xpos_min - 7_acc_max_time e o
- =]
I -— -—
. . . o I 9 ypos_max S 7 idle_time s S
features in predictive models, offering valuable insights o o
I 8 xpos_flips o5 W@ 18 . % 2 Xpos_min %
into cognitive processes by quantifying the impact of : - & &
9 P Yyq ying P I 5 hover _time il gender_1 Male
, Pl N ! i
eaCh |nF cEarI{'siglnsof.Mildt tput [4] I 4__yp05__ﬂ|ps 4__Ve|__max
: 7 _idle_time . 9 ypos flips .
: 5 idle_time ‘a working_0 No
|
| 8 AUC . . 9 ypos_max
|
1 2 MD above time s@e o 6 xpos _flips
|
I 9 AD 3 hovers
|
: 2_acc_min o o 9 acc_min .
: 9 acc_max ° o 9 AD
| 1.5 1.0 05 0.0 0.5 1.0 . 30 15 10 65 o0 o5 10 "
I - . nh . S -. . . . e =D . _' . -V. . . .
Methodology : SHAP value (impact on model output) SHAP value (impact on model output)
« We train a deep neutral network (DNN) to predict : ------------------------------------------------------------------------
|
either high or low probability of mild cognitive I ®
o | ' Overall samples . Mouse Features
impairment (PCl) using mouse movement features : o o _ l _ - _
I « Surprisingly, age does not significantly influence the : e Hovers: moving within a designated response box or
and demographic features which are captured in the l ' o : o _
: model's predictions. Instead, mouse features play a I area indicates the choice
618 Survey of the Understanding America Study Panel '
4 J d : more dominant role, more so than most demographic : : ot
(N = 754 349 foat ) : ’ I e MD_above/below: maximum deviation above/ below
= ;P = eatures I
| _ : :
, features—except for employment status and gender, : the ideal trajectory
. I L] [l (] []
Shapley values of each features from both correctly : which remain influential : _ - | |
i , . I : e Flips: directional changes along the axis of interest
classified samples and misclassified samples are | _ _ |
I * Mouse feature names are prefixed by their : _ _ _ _ _
evalua UAS618 - Response Overview I | * Idle_time: total time during which there is no movement
Sise of selocted samni - : corresponding screen id/question id. As expected, the |
€6 0 seeciel SaTbe ! _ o |+ AD: arithmetic mean of all signed pointwise deviations
Completed the survey 9883 l model's outputs do not imply causal relationships, and |
T to th 1 : _ _ l between the trajectory and the ideal trajectory
tarted but did not complete the survey 8 : its performance isn't flawless due to overlaps between ! h | :
Did not start the survey 4624 I | q | | fied | I Furt er evd uat|0n
' correctly and incorrectly classified samples. . o
Response rate 67.75% l y y P I  Compare SHAP Distributions for Correct vs.
| Overall Samples (n=754) High |
| . . .
I o Fervars : Misclassified Samples: aggregate analysis, feature
e e I =
Training Strategy ! 5 MD_below : importance disparities, and directional consistency
. . |
« Explored a total of N =754 instances (575 with low PCI ' 1_ypos_min I _ _ N _ _
: SEE56E i I * Investigate Disparities Across Demographics: examine
and 179 with high PCI) I - !
I working_0 No : differences in feature importance and misclassification
. . |
« The DNN model with two hidden layers (96 and 32 l gender_1 Male ; rates
. . . _— : 4 vel _max L L L o o o o o o o o o o o o o o e o e e e e e e e e o
units), dropout regularization, and Adam optimizer : I
| o | . 3_hovers ' Reference
(Iearnlng rate_o'001) Is trained on a 70-30 train-test : 9_ypos_max o | [1] Javed, Abdul Rehman & Saadia, Ayesha & Mughal, Huma & Gadekallu, Thippa & Rizwan, Muhammad &
=2 |
split, with 50% of the test data used for validation ! 8_xpos_flips : > !
’ ’ | o I Reddy, Praveen & Mahmud, Mufti & Liyanage, Madhusanka & Hussain, Amir. (2023). Artificial Intelligence for
] ] ] ] I 2 _Xpos_min 2 I
I ©
|n00rp0rat|ng CIaSS WelghtS tO handle Imbalanced data I 7 idle time ® & : Cognitive Health Assessment: State-of-the-Art, Open Challenges and Future Directions. Cognitive
. . . . . . |
5 I
and early stopping (monitoring validation loss with : 5_hover time : ‘ ! Computation. 15. 10.1007/512550-023-101534.
. _ gy . e e . 4 ypos_flips |
patience=5) to prevent overfitting while minimizing l - I
: 5 idle time 3 | [2] Bozoki, Andrea, et al. "Mild cognitive impairments predict dementia in nondemented elderly patients with
precision recall fl-score support | , :
| 2_MD_above_time : memory loss." Archives of neurology 58.3 (2001): 411-416.
: 2 _acc_min . 1
0 0.78 0.90 0.84 82 | 8 AUC P : [3] Leipold, F. M., Kieslich, P. J., Henninger, F., Fernandez-Fontelo, A., Greven, S., & Kreuter, F. (2025).
1 0.58 0.34 0.43 32 [ - |
: 7_MD_above_time I Detecting Respondent Burden in Online Surveys: How Different Sources of Question Difficulty Influence
|
| 9 AD
REEHEACY 0.75 114 | - : Cursor Movements. Social Science Computer Review, 43(1), 191-213.
macro avg 0.68 0.62 0.63 114 : 20 -15 -10 -05 00 05 10 row I
weighted avg 0.72 0.75 0.72 114 | SHAP value (impact on model output) : [4] Scott M. Lundberg and Su-In Lee. 2017. A unified approach to interpreting model predictions. In
|
I
) Proceedings of the 31st International Conference on Neural Information Processing Systems (NIPS'17).
: ¢

Curran Associates Inc., Red Hook, NY, USA, 4768—-4777.

Department of Statistics, LMU Munich

LUDWIG-

MAXIMILIANS- ContaCt:

UNIVERSITAT

MUNCHEN a|I|nI|u@Imude




