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Goals

• Develop an ontology of self regulation 

• Use initial behavioral study to determine draft ontology for 
imaging 

• Using imaging study to identify neurobehavioral ontology 
for subsequent target engagement testing



Initial behavioral study

• Target: 500 subjects 

• Discovery sample: 200 subjects 

• Validation sample: 300 subjects 

• Will also perform followup retest with 50 subjects 

• Validation sample will be opened once hypotheses are 
pre-registered on OSF



Battery development

• Surveyed literature broadly 

• Identified 35 cognitive tasks and 28 surveys



Surveys
• alcohol/drugs survey 

• BIS-11 

• BIS-BAS 

• Brief self control survey 

• Cognitive reflection test 

• Demographics  

• Dickman functional/dysfunctional impulsivity 

• DOSPERT 

• Eating survey 

• Emotion regulation questionnaire 

• Five-facet mindfulness survey 

• Future time perspective 

• Grit scale

• Holt-Laury risk titrator 

• Eysenck Impulsivity-venturesomeness survey 

• K6 mental health survey 

• Leisure time activity survey 

• Mindful attention-awareness survey 

• MPQ control 

• selection optimization compensation survey 

• Self-regulation survey 

• Sensation-seeking survey 

• Ten-item personality survey 

• Theories of willpower survey 

• Time perspective survey 

• UPPS+P



Tasks
• adaptive n-back 

• angling risk task 

• attention network task 

• Bickel titrator 

• choice reaction time 

• Columbia card task cold 

• Columbia card task hot 

• dietary decision task 

• digit span 

• directed forgetting 

• discount titrate 

• dot pattern expectancy 

• go-nogo

• Simon task 

• simple reaction time 

• spatial span 

• stimulus selective stop 
signal task 

• stop signal task 

• Stroop task 

• three-by-two task switching 

• tower of London 

• two stage decision task 

• writing task 

• hierarchical rule task 

• information sampling task 

• keep-track task 

• Kirby discounting task 

• local-global letter 

• motor selective stop signal 

• probabilistic selection task 

• psychological refractory 
period 

• Raven's progressive matrices 

• recent probes 

• shape matching 

• shift task



mTurk Data Collection

• Developed a 
platform to allow 
repeated visits over 
time 
• expfactory.org 

• Started 3/17 and 
finished 5/26

http://expfactory.org




Keys to success

• Flexibility in data collection 
• Allow subjects to return whenever they want, over the 

course of a week 
• Engagement with mTurk community





Quality control

• Subjects are only included if the complete the entire 
battery 

• Subjects are removed it they fail basic quality control on 
>3 tasks  

• Components of “basic” QC are accuracy, reaction time, 
response distribution and missed percentage  

• Individual tasks may have internal checks as well, used to 
remove particular variables: Probabilistic Selection, Stop 
Signal Tasks, Two Step task 



Demographics

• 50/50% male/female 
• 81% white 
• mean age 33.04 (range 

20-59 years) 
• 25.5% have children 
• 36% report lifetime 

psychiatric history 
• 20% depression 
• 7% anxiety 
• 3% ADHD



Relevant self-regulation issues

• Percentage ever divorced: 10.5 
• Percentage with current gambling problem: 1.5 
• Percentage with at least one traffic ticket in last year: 8.5 
• Percentage arrested at least once: 16.5 
• Percentage arrested more than once: 8.0 
• Percentage with >$10,000 credit card debt: 7.0



Obesity

0.33 percent subjects with BMI>30 (obese)
0.08 percent subjects with BMI>40 (extreme obesity)



Drug use/smoking

• Percentage of lifetime smokers (100 cigs): 50.00 
• Percentage of current smokers: 29.00 
• Percentage of cannabis users (at all): 23.00 
• Percentage of cannabis users (at least once/month): 

12.50 
• Percentage of daily cannabis users: 7.00 
• Percentage of heavy drinkers (4+ times per week, 3+ 

drinks per time): 6.50 
• Percentage reporting trouble stopping their drinking: 1.50



Initial data analyses

• Factor analysis and item response 
theory analyses ongoing 

• Multidimensional IRT 
• Takes all 508 survey items 

regardless of source 
• Model selection suggests 4-6 

factors 
• Tested across range from 1-8 

factors 
• Needs to be run on full dataset 

to be believable
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Task modeling: Drift diffusion model

Provides interpretable 
measures combining 
accuracy and RT



Task data

columbia_card_task_cold.loss_sensitivity
columbia_card_task_hot.loss_sensitivity
dietary_decision.taste_sensitivity
columbia_card_task_cold.probability_sensitivity
columbia_card_task_hot.probability_sensitivity
directed_forgetting.proactive_interference_EZ_non_decision
stop_signal.proactive_SSRT_speeding
attention_network_task.conflict_EZ_non_decision
two_stage_decision.model_based
simon.simon_EZ_non_decision
probabilistic_selection.reg_value_sensitivity
threebytwo.cue_switch_cost_EZ_drift
threebytwo.task_switch_cost_EZ_thresh
threebytwo.cue_switch_cost_EZ_non_decision
tower_of_london.avg_move_time
tower_of_london.planning_time
angling_risk_task_always_sunny.keep_loss_percent
angling_risk_task_always_sunny.release_loss_percent
stroop.stroop_EZ_non_decision
stroop.EZ_thresh_congruent
attention_network_task.EZ_thresh_neutral
choice_reaction_time.EZ_thresh
simon.EZ_thresh_congruent
psychological_refractory_period_two_choices.PRP_slope
psychological_refractory_period_two_choices.PRP_slowing
recent_probes.EZ_thresh_xrec
dot_pattern_expectancy.EZ_thresh_AX
stroop.stroop_EZ_drift
stim_selective_stop_signal.EZ_thresh
stop_signal.EZ_thresh
simon.simon_EZ_drift
local_global_letter.EZ_thresh_neutral
adaptive_n_back.EZ_thresh
threebytwo.EZ_thresh_cue_stay
tower_of_london.total_moves
information_sampling_task.Decreasing_Win_motivation
information_sampling_task.Fixed_Win_motivation
adaptive_n_back.EZ_non_decision
local_global_letter.EZ_non_decision_neutral
columbia_card_task_hot.avg_cards_chosen
columbia_card_task_cold.avg_cards_chosen
stim_selective_stop_signal.EZ_non_decision
stop_signal.EZ_non_decision
simon.EZ_non_decision_congruent
choice_reaction_time.EZ_non_decision
threebytwo.EZ_non_decision_cue_stay
attention_network_task.EZ_non_decision_neutral
motor_selective_stop_signal.EZ_non_decision
dot_pattern_expectancy.EZ_non_decision_AY
stroop.EZ_non_decision_congruent
recent_probes.proactive_interference_EZ_thresh
motor_selective_stop_signal.reactive_control
writing_task.neutral_probability
dietary_decision.health_sensitivity
threebytwo.task_inhibition
writing_task.positive_probability
local_global_letter.conflict_EZ_thresh
stop_signal.proactive_slowing
simon.simon_EZ_thresh
threebytwo.task_switch_cost_EZ_drift
local_global_letter.switch_cost_EZ_thresh
local_global_letter.switch_cost_EZ_drift
probabilistic_selection.positive_learning_bias
probabilistic_selection.reg_positive_learning_bias
dot_pattern_expectancy.AY.BY_EZ_non_decision
dot_pattern_expectancy.AY.BY_EZ_drift
dot_pattern_expectancy.BX.BY_EZ_non_decision
dot_pattern_expectancy.BX.BY_EZ_drift
attention_network_task.conflict_EZ_thresh
dot_pattern_expectancy.BX.BY_EZ_thresh
dot_pattern_expectancy.AY.BY_EZ_thresh
recent_probes.proactive_interference_EZ_non_decision
recent_probes.proactive_interference_EZ_drift
local_global_letter.conflict_EZ_non_decision
directed_forgetting.EZ_thresh_pos
directed_forgetting.proactive_interference_EZ_drift
threebytwo.task_switch_cost_EZ_non_decision
threebytwo.cue_switch_cost_EZ_thresh
local_global_letter.switch_cost_EZ_non_decision
local_global_letter.conflict_EZ_drift
attention_network_task.conflict_EZ_drift
go_nogo.dprime
shift_task.learning_rate
motor_selective_stop_signal.selective_proactive_control
motor_selective_stop_signal.EZ_thresh
recent_probes.EZ_non_decision_xrec
directed_forgetting.EZ_non_decision_pos
stop_signal.SSRT_low
motor_selective_stop_signal.SSRT
stop_signal.SSRT_high
stim_selective_stop_signal.SSRT
columbia_card_task_cold.gain_sensitivity
columbia_card_task_hot.gain_sensitivity
columbia_card_task_hot.information_use
columbia_card_task_cold.information_use
angling_risk_task_always_sunny.release_score
angling_risk_task_always_sunny.keep_score
local_global_letter.EZ_drift_neutral
tower_of_london.num_correct
tower_of_london.num_optimal_solutions
stroop.stroop_EZ_thresh
stroop.EZ_drift_congruent
simon.EZ_drift_congruent
dot_pattern_expectancy.EZ_drift_AX
choice_reaction_time.EZ_drift
recent_probes.EZ_drift_xrec
directed_forgetting.EZ_drift_pos
attention_network_task.EZ_drift_neutral
dot_pattern_expectancy.dprime
stim_selective_stop_signal.EZ_drift
stop_signal.EZ_drift
motor_selective_stop_signal.EZ_drift
information_sampling_task.Decreasing_Win_boxes_opened
information_sampling_task.Decreasing_Win_P_correct
information_sampling_task.Fixed_Win_boxes_opened
information_sampling_task.Fixed_Win_P_correct
two_stage_decision.model_free
kirby.percent_patient
discount_titrate.percent_patient
directed_forgetting.proactive_interference_EZ_thresh
keep_track.score
digit_span.forward_span
digit_span.reverse_span
hierarchical_rule.score
ravens.score
threebytwo.EZ_drift_cue_stay
spatial_span.forward_span
spatial_span.reverse_span
adaptive_n_back.EZ_drift
adaptive_n_back.mean_load

processing speed 
working memory 

discounting

conflict 
switch cost

nondecision time

threshold 
reward sensitivity



Task + survey data

time_perspective_survey.present_hedonisticbis_bas_survey.BAS_fun_seekingsensation_seeking_survey.boredom_susceptibilitysensation_seeking_survey.experience_seekingsensation_seeking_survey.disinhibitiondospert_eb_survey.recreationalsensation_seeking_survey.thrill_adventure_seekingimpulsive_venture_survey.venturesomenessupps_impulsivity_survey.sensation_seekingpsychological_refractory_period_two_choices.PRP_slopepsychological_refractory_period_two_choices.PRP_slowingtower_of_london.avg_move_timetower_of_london.planning_timedospert_rp_survey.recreationaldospert_rp_survey.socialdospert_rp_survey.health.safetydospert_rp_survey.ethicaldospert_rp_survey.financialstroop.stroop_EZ_non_decisionstroop.EZ_thresh_congruentchoice_reaction_time.EZ_threshattention_network_task.EZ_thresh_neutralsimon.EZ_thresh_congruentcolumbia_card_task_cold.loss_sensitivitycolumbia_card_task_hot.loss_sensitivitycolumbia_card_task_hot.probability_sensitivitycolumbia_card_task_cold.probability_sensitivityangling_risk_task_always_sunny.keep_loss_percentangling_risk_task_always_sunny.release_loss_percentholt_laury_survey.safe_choicesattention_network_task.conflict_EZ_non_decisionstop_signal.proactive_SSRT_speedingthreebytwo.cue_switch_cost_EZ_driftdietary_decision.taste_sensitivitywriting_task.positive_probabilitythreebytwo.task_inhibitionrecent_probes.proactive_interference_EZ_non_decisionrecent_probes.proactive_interference_EZ_driftlocal_global_letter.switch_cost_EZ_threshlocal_global_letter.switch_cost_EZ_driftmotor_selective_stop_signal.reactive_controldospert_eb_survey.socialdirected_forgetting.proactive_interference_EZ_non_decisionrecent_probes.EZ_thresh_xrecdot_pattern_expectancy.EZ_thresh_AXlocal_global_letter.conflict_EZ_non_decisiondirected_forgetting.EZ_thresh_posdirected_forgetting.proactive_interference_EZ_driftstroop.stroop_EZ_drifteating_survey.cognitive_restraintstop_signal.EZ_threshstim_selective_stop_signal.EZ_threshlocal_global_letter.EZ_thresh_neutralsimon.simon_EZ_driftadaptive_n_back.EZ_threshthreebytwo.EZ_thresh_cue_staytwo_stage_decision.model_basedsimon.simon_EZ_non_decisionthreebytwo.task_switch_cost_EZ_threshthreebytwo.cue_switch_cost_EZ_non_decisionprobabilistic_selection.reg_value_sensitivityadaptive_n_back.EZ_non_decisioncolumbia_card_task_hot.avg_cards_chosencolumbia_card_task_cold.avg_cards_chosenwriting_task.neutral_probabilitydietary_decision.health_sensitivityfive_facet_mindfulness_survey.observeleisure_time_activity_survey.activity_levelfuture_time_perspective_survey.future_time_perspectivebis_bas_survey.BAS_reward_responsivenessbis_bas_survey.BAS_drivedickman_survey.functionalten_item_personality_survey.opennessten_item_personality_survey.extraversiontime_perspective_survey.present_fatalistictime_perspective_survey.past_negativebis_bas_survey.BISdospert_eb_survey.health.safetydospert_eb_survey.financialdospert_eb_survey.ethicaltower_of_london.total_movesinformation_sampling_task.Decreasing_Win_motivationinformation_sampling_task.Fixed_Win_motivationstop_signal.EZ_non_decisionstim_selective_stop_signal.EZ_non_decisionlocal_global_letter.EZ_non_decision_neutralthreebytwo.EZ_non_decision_cue_staychoice_reaction_time.EZ_non_decisionsimon.EZ_non_decision_congruentdot_pattern_expectancy.EZ_non_decision_AYstroop.EZ_non_decision_congruentattention_network_task.EZ_non_decision_neutralmotor_selective_stop_signal.EZ_non_decisionrecent_probes.EZ_non_decision_xrecdirected_forgetting.EZ_non_decision_posmotor_selective_stop_signal.SSRTstop_signal.SSRT_lowstop_signal.SSRT_highstim_selective_stop_signal.SSRTerq_survey.suppressioncolumbia_card_task_hot.gain_sensitivitycolumbia_card_task_cold.gain_sensitivityangling_risk_task_always_sunny.keep_scoreangling_risk_task_always_sunny.release_scoreselection_optimization_compensation_survey.loss.based_selectionlocal_global_letter.EZ_drift_neutraldirected_forgetting.proactive_interference_EZ_threshattention_network_task.conflict_EZ_threshlocal_global_letter.conflict_EZ_threshstop_signal.proactive_slowinginformation_sampling_task.Decreasing_Win_boxes_openedinformation_sampling_task.Decreasing_Win_P_correctdot_pattern_expectancy.BX.BY_EZ_threshdot_pattern_expectancy.AY.BY_EZ_threshkeep_track.scoredigit_span.forward_spandigit_span.reverse_spandot_pattern_expectancy.AY.BY_EZ_non_decisiondot_pattern_expectancy.AY.BY_EZ_driftdot_pattern_expectancy.BX.BY_EZ_non_decisiondot_pattern_expectancy.BX.BY_EZ_driftrecent_probes.proactive_interference_EZ_threshholt_laury_survey.number_of_switchesthreebytwo.task_switch_cost_EZ_driftsimon.simon_EZ_threshprobabilistic_selection.positive_learning_biasprobabilistic_selection.reg_positive_learning_biasthreebytwo.cue_switch_cost_EZ_threshthreebytwo.task_switch_cost_EZ_non_decisionlocal_global_letter.switch_cost_EZ_non_decisionlocal_global_letter.conflict_EZ_driftattention_network_task.conflict_EZ_driftgo_nogo.dprimeshift_task.learning_ratemotor_selective_stop_signal.EZ_threshmotor_selective_stop_signal.selective_proactive_controlstroop.stroop_EZ_threshstroop.EZ_drift_congruentchoice_reaction_time.EZ_driftsimon.EZ_drift_congruentdot_pattern_expectancy.EZ_drift_AXattention_network_task.EZ_drift_neutraldirected_forgetting.EZ_drift_posrecent_probes.EZ_drift_xrecdot_pattern_expectancy.dprimestim_selective_stop_signal.EZ_driftstop_signal.EZ_driftmotor_selective_stop_signal.EZ_drifttower_of_london.num_correcttower_of_london.num_optimal_solutionscognitive_reflection_survey.intuitive_proportioncognitive_reflection_survey.correct_proportionspatial_span.reverse_spanspatial_span.forward_spanadaptive_n_back.EZ_driftadaptive_n_back.mean_loadcolumbia_card_task_hot.information_usecolumbia_card_task_cold.information_useinformation_sampling_task.Fixed_Win_boxes_openedinformation_sampling_task.Fixed_Win_P_correcttwo_stage_decision.model_freekirby.percent_patientdiscount_titrate.percent_patienthierarchical_rule.scoreravens.scorethreebytwo.EZ_drift_cue_stayimpulsive_venture_survey.impulsivenessdickman_survey.dysfunctionalupps_impulsivity_survey.lack_of_premeditationmpq_control_survey.controlbis11_survey.Motorupps_impulsivity_survey.positive_urgencyupps_impulsivity_survey.negative_urgencyselection_optimization_compensation_survey.compensationselection_optimization_compensation_survey.elective_selectiontime_perspective_survey.futuretime_perspective_survey.past_positiveten_item_personality_survey.agreeablenessfive_facet_mindfulness_survey.nonjudgefive_facet_mindfulness_survey.describeerq_survey.reappraisalfive_facet_mindfulness_survey.nonreactten_item_personality_survey.emotional_stabilityeating_survey.uncontrolled_eatingeating_survey.emotional_eatingbis11_survey.Nonplanningten_item_personality_survey.conscientiousnessbrief_self_control_survey.self_controlself_regulation_survey.controlbis11_survey.Attentionalmindful_attention_awareness_survey.mindfulnessfive_facet_mindfulness_survey.act_with_awarenessselection_optimization_compensation_survey.optimizationgrit_scale_survey.gritupps_impulsivity_survey.lack_of_perseverance

conscientiousness 
dysfunctional impulsivity

speed of processing 
intelligence 
discounting

control 
inhibition 

risk-taking

negative emotion

control 
risk-taking 

functional impulsivity

sensation seeking


