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Song, and Nakayama 
(2006)

Freeman and Ambady
(2009)

Spivey, Grosjean, and Knoblich
(2005) 

Compatibility with other methods

History

Freeman et al. 
(2008) 

MouseTracker: Software
（2010）

D. Oh et al.
(2021)

Brooks et al
(2019)

Stolier et al
(2016)



Introduction of mouse tracking (MT)
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Paradigm 1
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animate inanimate

start



Paradigm 1

7

animate inanimate



Paradigm 1

8
Chen, K., Wang, R., Huang, J., Gao, F., Yuan, Z., Qi, Y., & Wu, H. (2022). A resource for assessing dynamic binary choices in the adult brain using EEG and 
mouse-tracking. Scientific data, 9(1), 1-10.

Kun Chen

animate inanimate



Paradigm 2
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start
Stillman et al. (2018)



Paradigm 2
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choose

Sullivan et al. (2015)



Paradigm 2
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choose

Sullivan et al. (2015)
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Hand in motion reveals mind in motion

Mouse trajectories Measure of conflict time-course of a decision
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Hand in motion reveals mind in motion

Mouse trajectories Measure of conflict time-course of a decision



Mouse trajectories – different stimuli

14
Freeman and Ambady

(2009)
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Mouse trajectories – different stimuli

Freeman and Ambady
(2009)
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Hand in motion reveals mind in motion

Mouse trajectories Measure of conflict time-course of a decision
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Hand in motion reveals mind in motion

Mouse trajectories Measure of conflict time-course of a decision



Mouse tracking measures
• Conflict between choices: MD & AUC

21Stillman, P. E., Krajbich, I., & Ferguson, M. J. (2020). PNAS
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Mouse tracking measures
• Velocity & Acceleration & Angle
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Mouse tracking measures
• Velocity & Acceleration & Angle
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Mouse tracking measures
• Flips along the x coordinate & Entropy
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Hand in motion reveals mind in motion

Mouse trajectories Measure of conflict time-course of a decision
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Hand in motion reveals mind in motion

Mouse trajectories Measure of conflict time-course of a decision
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Time course of a food choice
• Rate 160 different foods on three dimensions  
• tastiness 

(“How tasty is this food?”)
• healthfulness 

(“How healthy is this food?”)
• overall liking 

(“How much would you like to eat this food at the
end of the experiment?”)

Sullivan, N., Hutcherson, C., Harris, A., & Rangel, A. (2015). Psychological science

• Rate binary choices among randomly selected 
pairs of foods.



28

Time course of a food choice

Sullivan, N., Hutcherson, C., Harris, A., & Rangel, A. (2015). Psychological science

Tastiness: 3

Healthfulness : 9

Tastiness: 7

Healthfulness : 3

T difference: -4

H difference : 6

θ

θ

Angle θ ~ value difference 

choices between a tasty food (tasty but unhealthy) and a healthy food (healthy but not tasty)
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Tastiness comes first
• Angle of every time point ~ value difference

Sullivan, N., Hutcherson, C., Harris, A., & Rangel, A. (2015). Psychological science

Tastiness

Healthfulness
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Tastiness comes first

Sullivan, N. J., & Huettel, S. A. (2021). Nature Human Behaviour

Relative value signal (RVS)

due to a later entry of health to the decision process 
(at t*H = 500 ms), it begins contributing to the RVS 
later than in the left example
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Mouse tracking in fMRI
• Univariate 

Hehman, E., Ingbretsen, Z. A., & Freeman, J. B. (2014). Neuroimage
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EEG

Brain stimulation

fMRI

Computational modeling

Moral decision

Research examples

Mouse tracking

Wu et al,..preprint,2021

Xu et al,..In Prep
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Memory



aIAT(autobiographical Implicit Association 
Test ) with MT
• The autobiographical Implicit Association Test (aIAT; Sartori et al., 2008) is 

a variant of the Implicit Association Test (IAT; Greenwald et al., 1998) that 
is used to establish whether an autobiographical memory is encoded in the 
respondent's mind/brain.

37

Classic IAT with 7 blocks
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The autobiographical IAT

Xu, X. J., Liu, X., Hu, X., & Wu, H. (2021, September 18). 

Xinyi Julia Xu
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The connectionist model
Xinyi Julia Xu

Xu, X. J., Liu, X., Hu, X., & Wu, H. (2021, September 18). 

Bedder, R. L., Bush, D., Banakou, D., Peck, T., Slater, M., & Burgess, N. (2019). Cognition
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Model the data with the drift diffusion model(DDM)

Xu, X. J., Liu, X., Hu, X., & Wu, H. (2021, September 18). 

Xinyi Julia Xu

Bedder, R. L., Bush, D., Banakou, D., Peck, T., Slater, M., & Burgess, N. (2019). Cognition
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Regression Resuls
Xinyi Julia XuAngle θ ~ value difference 

Xu, X. J., Liu, X., Hu, X., & Wu, H. (2021, September 18). 
Sullivan, N., Hutcherson, C., Harris, A., & Rangel, A. (2015). Psychological science
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Moral



Example study 1

Moral by default? The dynamic tradeoffs between honesty and 
self-interest



Instruction1
• Before each block, there are two allocation options (A, B) for

you and another people. You will send the option to other one
and told him/her which option is better for him/her.

• For example, in this trial the A option is

• the B option is

you other
60 70

Coded by Mouse Tracker

you other
70 60



Instruction2
• click start by mouse

• you will see the two options, and may want tell player 2 the option B
is better by lying

• Click one option you want to send to player2

start

A B

start

A B

you other
60 70

you other
70 60



49



Analysis 
• The latency of the movement, total time of motion, Area under 

the Curve, Maximum pull towards the incorrect information 
etc.(by R);
• Mapping discrete choice, confidence, averaged trajectory for 

each condition;
• compute trajectory divergence, accumulated evidence, time 

related regression; 



Combine MT with computational model



How to implement it in Mouse tracker?

1 Trial structure 2 set up 3 Build Trials in csv

https://github.com/andlab-um/MT_workshop
Part 1

https://github.com/andlab-um/MT_workshop


Results



Reward and self-consistency: Dissecting  the role of social brain 
and cognitive control in moral decisions

54

Example study 2
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External
Reward

Social
Norm

Luu, L et al. (2018)

Reward seeking and self-consistency are both critical in moral decisions
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+

Question 
Presentation

Trial
Start Respond in 4s End of Run

(a)

history difference > 0
history difference < 0

*

(b)

(c)

Fixation

Paradigm

Xu et al (In Prep)



Research Questions

1 2

3 4
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How human trade off 
reward and consistency 
in weights and in timings

How reward and 
consistency are 
associated with the 
cognitive-control and 
reward related brain 
regions? 

How does the activity in 
the related regions 
change along the 
sessions?

how are mouse 
trajectories and brain 
activity patterns mediated 
by personal traits?

Xu et al (In Prep)
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session session
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time bin time bin time bin

session 1 session 2 session 3

Dishonesty and honesty responses had different mouse trajectories

59
Xu et al (In Prep)
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1 How human trade off reward and consistency in 
weights and in timings?
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Consistency and reward: different weights, different timings
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2
How are the weights of reward and consistency 
are associated with the cognitive-control and 
reward related brain regions? 
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honesty

dishonesty
reward
consistency



Weights of reward: mediated by mouse tracking index AUC
reward anticipation (sgACC)

drift rate 
of reward

0.14**
-2.32*

0.35
beta

AUC

OFC

drift rate 
of reward

0.14**
-1.70

0.25
beta

AUC

-2.23*

0.29

-2.08*
0.27

honesty
dishonesty

reward
consistency

64
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3 How does the activity in the related regions 
change along the sessions?



Activations of cognitive control brain regions increased along the sessions

x = -40

SMA dlPFC

x = 40

PCC

z = 26 x = -8

prACC

z-
sc

or
e

x = 15

dACC

** * **

OFC

z = -12

66
Xu et al (In Prep)
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4 how are mouse trajectories and brain activity 
patterns mediated by personal traits?



x = 12 y = -44 z= 6
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0.24

z= 10x = 22 y = -56 Sp
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0

0.30

personal traits (IRI+SVO)
IS-RSA brain map for honesty condition in session 3  

(q < 0.05 FDR corrected)  

personal traits (IRI+SVO)
IS-RSA brain map for dishonesty condition in session 3  

(q < 0.05 FDR corrected)  

Effects of personal traits on behavior and brain 

Interpersonal Reactivity Index
(IRI)

Social Value Orientation
(SVO)

68
Xu et al (In Prep)
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Other
Decisions



72Chen, K., Wang, R., Huang, J., Gao, F., Yuan, Z., Qi, Y., & Wu, H. (2022). A resource for assessing dynamic binary choices in the adult brain using EEG and 
mouse-tracking. Scientific data, 9(1), 1-10.

Kun Chen

Paradigm
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Task Description
Resting-state Measures EEG activity during rest.

Food choice A food preference task based on mouse tracking. 
Measures the dynamic process and corresponding EEG signals of food preferences.

Image choice
A semantic classification task for image based on mouse tracking. 
Measures the dynamic semantic process and corresponding EEG signals of binary 
decisions.

Word choice
A semantic classification task for word based on mouse tracking. 
Measures the dynamic semantic process and corresponding EEG signals of binary 
decisions.

Resting-state Food choice

Image choice Word choice

~ 27 minutes~ 26 minutes ~ 26 minutes~ 16 minutes

Chen, K., Wang, R., Huang, J., Gao, F., Yuan, Z., Qi, Y., & Wu, H. (2022). A resource for assessing dynamic binary choices in the adult brain using EEG and 
mouse-tracking. Scientific data, 9(1), 1-10.

Kun Chen

Task Overview
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Data collection platform

Chen, K., Wang, R., Huang, J., Gao, F., Yuan, Z., Qi, Y., & Wu, H. (2022). A resource for assessing dynamic binary choices in the adult brain using EEG and 
mouse-tracking. Scientific data, 9(1), 1-10.

Kun Chen
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Kun Chen

Average mouse trajectories in different tasks

Chen, K., Wang, R., Huang, J., Gao, F., Yuan, Z., Qi, Y., & Wu, H. (2022). A resource for assessing dynamic binary choices in the adult brain using EEG and 
mouse-tracking. Scientific data, 9(1), 1-10.
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Mouse tracking + EEG + DDM

Harris, A., & Hutcherson, C. A. (2022).  Wiley Interdisciplinary Reviews: Cognitive Science



Hand in motion reveals mind in motion

Wu et al (2021)
preprint

Memory Moral

Chen et al (2022)
Scientific Data

Decisions

► MT can be combined with computational modeling and investigate the latent process

► MT can be combined with EEG and provide more temporal course information

Xu et al (2021)
preprint
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Implementation

80

https://github.com/andlab-um/MT_workshop/tree/main/Part1

http://www.mousetracker.org/
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MT with Opensesame
• https://osdoc.cogsci.nl/

• https://github.com/andlab-um/MT_workshop/tree/main/Part2

85
choose

https://osdoc.cogsci.nl/
https://github.com/andlab-um/MT_workshop/tree/main/Part2


MT with Opensesame
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MT with Opensesame

87



MT with Opensesame
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MT with Psychopy

90

Kun Chen

https://github.com/andlab-um/MT_workshop/tree/main/Part3
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# mouse tracking data process
class mouseData:

...
def preprocess(self):

self.dataformat()
...
self.cal_metrics()

def dataformat(self):
# data clean
self.data["x"] = self.data.xTrajectory.map(

squeak.list_from_string)
...

def cal_metrics(self):
# Mouse Stats
self.data["md"] = self.data.apply(lambda trial: 
squeak.max_deviation(trial["nx"], trial["ny"]), axis=1)

...
# instantiation
food_df = mouseData(tmp_beh_path, foodtask)
food_df.preprocess()

MT with Psychopy
Kun Chen

https://github.com/andlab-um/MT_workshop/tree/main/Part3
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EGI recording

# EGI netstation initialization
if netstation:

import egi.simple as egi
ns = egi.Netstation()
print("import pynetstation")
# set ip address
ns.connect("10.10.10.42", 55513)
ns.BeginSession()
print("connected to netstation")
if recording:

ns.StartRecording()
print("start recording")

# send marker
def send_to_NS(key_):

if netstation:
ns.sync()
ns.send_event(key=key_)

send_to_NS("0400")

Kun Chen

Combine with EEG

https://github.com/andlab-um/MT_workshop
Part 3

https://github.com/andlab-um/MT_workshop
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Combine with fMRI

Xu et al (In prep)
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Tools & data Import

Wulff, D. U., Kieslich, P. J., Henninger, F., Haslbeck, J. M. B., & Schulte-Mecklenbeck, M. (2021). PsyArXiv.

mt_data <- mt_import_wide(mt,xpos_label = "X", ypos_label = "Y",
timestamps_label = "T", pos_sep = "_")

iat <- read_bulk("iat", fun=read_mt, extension=".mt")
iat <- mt_import_wide(iat)



Preprocessing
• Remapping to the left side

• Temporal normalization: The duration of each trial was sliced 
into 101 identical time bins using linear interpolation to permit 
the average of their length across multiple trials. 

• Spatial normalization: standard coordinate space (top left: [-1, 1]; 
top right: [1,1]) 

97

mt_data <- mt_remap_symmetric(mt_data)

mt_data <- mt_time_normalize(mt_data)

mt_data <- mt_align_start_end(mt_data)



• Calculate the measures
• Plot the trajectories

98

Basic processing

https://github.com/andlab-um/MT_workshop

Part 5

https://github.com/andlab-um/MT_workshop
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https://github.com/andlab-um/MT_workshop

Part 5

https://github.com/andlab-um/MT_workshop
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