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Major Goals:  In this research we built upon the insights of research of Decisions from Experience (DfE), 
developments in network science and collective intelligence research to create models of collective behavior that 
are emergent from individual cognition.



Models that start with strong representations of individual behavior should be able to explain and make more 
accurately represent the aggregate effects of network-based tasks, compared to network science models that 
mostly assume simple and non-cognitive agents.



We aim at advancing the current state of the art in network science by contributing to: methods of information 
aggregation; strategies to learn from observation of other members in a network; generalizing rational benchmarks 
to simple social strategic games; and connecting incentives to social preferences such as cooperation, fairness, 
trust, and reciprocity.



Our efforts entail experimentation in choice tasks where individuals, pairs, and small groups interact and where we 
vary the levels of information provided to group members. This project also involves the construction of new models 
that represent the aggregate behavior of pairs or small groups from the emergent behavior of individual cognitive 
agents. Specifically, we work on: (1) systematic expansions of mechanisms of instance-based learning theory 
(IBLT) through the inclusion of methods known in social dilemmas and network science research; (2) the empirical 
investigation of the interaction between information, incentives, and network structure on efficient networks and 
social welfare; and (3) the computational implementation of cognitive models to test new theoretical expansions of 
collective network models, against experimental data.



There are at least three current scientific challenges that this research is currently addressing:

1) The Network-Cognitive Science Gap – Two scientific communities (Network Science and Cognitive Science) 
are often interested in diverse levels of understanding of behavioral phenomena.  Cognitive Scientists on the one 
hand, study human behavior and cognition mostly from an individual perspective. Many psychology experiments 
often approach DfE in learning studies individually. Often experiments involve learning tasks out of context, with 
minimum instructions, and in isolation from others for reasons of experimental control. Social scientists on the other 
hand, are interested in precisely what studies of individual want to control for: the interaction with others and 
understanding how decisions are made in the presence of others and by observing others. However, they are often 
less interested in each of the individual’s cognition and how that impacts the group behavior. Thus, cognitive and 
social sciences vary in their “unit of analysis”: the group or the individual.

2) Scaling up experimentation from individuals to groups. – Although executing experiments in large groups may 

Report Date:  24-Nov-2021

INVESTIGATOR(S):

Phone Number:  4122686242
Principal:  Y

Name:  Cleotilde  Gonzalez 
Email:  COTY@CMU.EDU



seem like something that psychologist “should have figured out”, the reality is that the execution of large team 
experiments and the technology behind such endeavor are relatively new and the developments are relatively 
recent. 

3) Scaling up cognitive models of learning and DfE to learning and DfE in groups. – Most well-known cognitive 
models of learning represent individual learning.  We scale up current Instance-Based Learning (IBL) models of 
learning by building on current efforts to expand the cognitive theories and models of decisions from experience in 
simple social situations. A new theoretical integration is expected to provide understanding of how people appraise 
their own actions and actions of others when making decisions from experience, and a clarification of the role of 
information and the incentives in a network.
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Accomplishments:  Overall, this project produced 12 publications; 6 journal articles and 6 conference proceedings 
publications. 



During the first year we analyzed human data reported and collected in team studies conducted by Mason, Jones, 
and Goldstone (2008) to demonstrate how the dynamics emerging from various network structures and function 
complexity suggest the emergence of exploration and exploitation in networks. We also proposed a model of 
dynamic decision-making by networked individuals in which agents probabilistically select from all available 
options, in contrast to models in which choices are made among explicitly encoded strategies. We observe 
exploitation-exploration trade-offs in human networks and explain the decrease of exploration and increase in 
exploitation over time using cognitive models.

Also, during the first year we investigated a number of platforms to run experiments with large number of 
participants online.  We programmed and ran an online group experiment using the using game. 



During the second year we invested our efforts in: (1) conducting a set of experiments of pairs and groups;  (2) 
analyzing existing data sets to investigate of learning and decision making of individuals and groups, particularly 
the concept of exploration-exploitation in problem solving tasks done in groups; (3) improve our Python IBL 
modeling architecture (PyIBL) to address the possibility of creating models that involve multiple IBL agents; (4) 
generate new agent-based models, independent form IBL, to propose how emergent group behavior may form 
from individual self-interest decisions.



During the third year of this grant we invested our efforts in: (1) Emergence of cooperation by trusting other’s 
decisions;  (2) generate new agent-based algorithms that demonstrate the emergence of collective intelligence 
from individual selfish behavior; (3) explore variability and aggregation in models; (4) analyze existing data sets to 
investigate of learning and decision making of individuals and groups, particularly the concept of exploration-
exploitation in problem solving tasks done in groups.

Training Opportunities:  This project supported two Ph.D. students in Social and Decision Sciences.  They were 
both trained in Cognitive Modeling, particularly introduced to Instance-Based Learning Models and Bayesian 
approaches. After graduation, Erin McCormick has continued her research career at the Air Force Research 
Laboratories.



This grant also supported fourPost-Doctoral fellows. The post-docs were introduced to cognitive modeling and 
experimental approaches for testing and verifying predictions of an agent-based model.
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Results Dissemination:  Overall this grant produced 6 journal papers and 6 papers in conference proceedings:



Journal papers:



1. Konstantinidis, E., Harman, J.L. & Gonzalez, C. (2022). Patterns of choice adaptation in dynamic risky 
environments. Memory & Cognition. https://doi.org/10.3758/s13421-021-01244-4.



2. McCormick, E., Cheyette, S., & Gonzalez, C.  (2022). Choice Adaptation to Changing Environments: Trends, 
Feedback and Awareness of Change. Memory & Cognition (In Press).



3. Sloman, S. J., Goldstone, R., & Gonzalez, C. (2021). A Social Interpolation Model of Group Problem-Solving. 
Cognitive science. 45(12), e13066. https://doi.org/10.1111/cogs.13066



4. Mahmoodi, K., West, B. J., & Gonzalez, C., (2020). Selfish Algorithm and Emergence of Collective Intelligence. 
Journal of Complex Networks. Volume 8, Issue 3, June 2020, cnaa019, https://doi.org/10.1093/comnet/cnaa019



5. Rajivan, P., Aharonov-Majar, E., Gonzalez, C. (2020). Update now or later? Effects of experience, cost, and 
risk preference on update decisions. Journal of Cybersecurity., 6(1). https://doi.org/10.1093/cybsec/tyaa002



6. Aharonov-Majar, E., Rajivan, P., Gonzalez, C., Erev, I. (2019). The impact of variability and prechoice 
experience on taking safety measures: The case of security updates. Journal of Behavioral Decision Making. 2019;
1-12, https://doi.org/10.1002/bdm.2131



Conference proceedings:



7. Sloman, S., Goldstone, R., & Gonzalez, C. (2022). A cognitive computational model of collective search with 
social information. The fifth Multi-disciplinary Conference on Reinforcement Learning and decision Making (RLDM 
2022). Brown University, Providence, RI, USA, June 8-11, 2022. 



8. McCormick, E., Blaha, L., & Gonzalez, C (2020). Analyzing variability in instance-based learning model 
predictions using recurrence quantification analysis. 53nd Annual Meeting of the Society for Mathematical 
Psychology (MathPsych 2020). July 20-July 31, Virtual meeting.



9. McCormick, E., Blaha, L., & Gonzalez, C (2020). Exploring Dynamic Decision Making Strategies with 
Recurrence Quantification Analysis. 42nd Annual Meeting of the Cognitive Science Society (CogSci 2020). July 29-
August 1, Virtual meeting. pp. 3041-3047.



10. Sloman, M., Goldstone, R. & Gonzalez, C. (2019). Complex exploration dynamics from simple heuristics in a 
collective learning environment. 41th Annual Meeting of the Cognitive Science Society (CogSci 2019). July 24-27, 
2019, Montreal, Canada.



11. Mahmoodi, K. & Gonzalez, C. (2019). Emergence of Collective Cooperation from Selfish-Imitation and Selfish-
Attachment. 41th Annual Meeting of the Cognitive Science Society (CogSci 2019). July 24-27, 2019, Montreal, 
Canada.



12. Sloman, S., Goldstone, R., & Gonzalez, C. (2019). Individual and Group-Level Exploration in a Collective 
Search Task. ACM Conference on Collective Intelligence. June 13-14, 2019, Carnegie Mellon University. 
Pittsburgh, PA, USA.

Honors and Awards:  2021 Lifetime Fellow of the Cognitive Science Society. Formal recognition at the 2021 
Cognitive Science Society annual meeting, Vienna, Austria.



2020 Best Paper Award. International Conference on Decision and Game Theory for Security (GameSec; 
October 26-30, 2020) – “Exploiting Bounded Rationality in Risk-based Cyber Camouflage Games”.



2020 Best Paper Award. 53rd Hawaii International Conference on System Sciences (HICSS; January 8-10, 
2020) - Digital Government Track - "Adaptive cyber deception: Cognitively informed signaling for cyber defense" 
(from Cyber Deception for Defense Minitrack).
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Protocol Activity Status: 

Technology Transfer:  Potential technology transfer:

1) Augmented NodeGame: a platform for network experimentation over the web (Gonzalez, Morrison, Bailetti)



2) PyIBL: An IBL modeling architecture for network science (Gonzalez, Ben-Asher, Morrison, in preparation; 
DDMLab, 2016) (http://www.hss.cmu.edu/departments/sds/ddmlab/downloads.html#pyibl)
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Publication Type:  Journal Article
Journal:  journal of complex networks

Publication Location:  
Article Title:  Selfish algorithm and emergence of collective intelligence

Keywords:  Selfish Algorithm, Reinforcement Learning, Emergence, Collective Intelligence, Adaptive Reciprocity, 
Resilience
Abstract:  We propose a model for demonstrating spontaneous emergence of collective intelligent behaviour (i.e. 
adaptation and resilience of a social system) from selfish individual agents. Agents’ behaviour is modelled using 
our proposed selfish algorithm (?SA?) with three learning mechanisms: reinforced learning (?SAL?), trust (?SAT?) 
and connection (?SAC?). Each of these mechanisms provides a distinctly different way an agent can increase the 
individual benefit accrued through playing the prisoner’s dilemma game (?PDG?) with other agents. SAL 
generates adaptive reciprocity between the agents with a level of mutual cooperation that depends on the 
temptation of the individuals to cheat. Adding SAT or SAC to SAL improves the adaptive reciprocity between 
selfish agents, raising the level of mutual cooperation. Importantly, the mechanisms in the SA are self-tuned by 
the internal dynamics that depend only on the change in the agent’s own payoffs. This is in contrast to any pre-
established reciprocit

Publication Type:  Journal Article
Journal:  Memory and Cognition

Publication Location:  
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Keywords:  decisions from experience, dynamic decision making
Abstract:  An important aspect of making good decisions is the ability to adapt to changes in the values of 
available choice options, and research suggests that we are poor at changing behavior and adapting our choices 
successfully. The current paper contributes to clarifying the role of memory on learning and successful adaptation 
to changing decision environments. We test two aspects of changing decision environments: the direction of 
change and the type of feedback. The direction of change refers to how options become more or less rewarding 
compared to other options, over time. Feedback refers to whether full or partial information about decision 
outcomes is received. Results from behavioral experiments revealed a robust effect of the direction of change: 
risk that becomes more rewarding over time is harder to detect than risk that becomes less rewarding over time; 
even with full feedback. We rely on three distinct computational models to interpret the role of memory on learning 
and adaptation

Publication Identifier Type:  DOI
Issue:  3

Date Published:  6/1/20   4:00AM

Publication Identifier Type:  DOI
Issue:  

Date Published:  

Peer Reviewed: Y 

Peer Reviewed: Y 

Publication Status: 1-Published

Publication Status: 1-Published



RPPR Final Report 
as of 11-Jan-2023

Publication Identifier:  
First Page #:  Volume:  

Date Submitted:  4/19/22  12:00AM

Authors:  McCormick, E., Cheyette, S.,  Gonzalez, C.

Distribution Statement:  2-Distribution Limited to U.S. Government agencies only; report contains proprietary information
Acknowledged Federal Support:  Y

Publication Identifier:  
First Page #:  Volume:  

Date Submitted:  4/19/22  12:00AM

Authors:  Sloman, S. J., Goldstone, R., Gonzalez, C.

Distribution Statement:  1-Approved for public release; distribution is unlimited.
Acknowledged Federal Support:  Y

Publication Type:  Journal Article
Journal:  Memory and Cognition

Publication Location:  
Article Title:  Choice Adaptation to Changing Environments: Trends, Feedback and Awareness of Change.

Keywords:  decisions from experience, dynamic decision making
Abstract:  the system does not allow me to enter the abstract.  Please see the attached paper

Publication Type:  Journal Article
Journal:  Cognitive science

Publication Location:  
Article Title:  A Social Interpolation Model of Group Problem-Solving

Keywords:  Computational modeling; Exploration–exploitation trade-off; Group dynamics; Social net-works; 
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Abstract:  How do people use information from others to solve complex problems? Prior work has addressed this 
question by placing people in social learning situations where the problems they were asked to solve required 
varying degrees of exploration. This past work uncovered important interactions between groups' connectivity and 
the problem's complexity: the advantage of less connected networks over more connected networks increased as 
exploration was increasingly required for optimally solving the problem at hand. We propose the Social 
Interpolation Model (SIM), an agent-based model to explore the cognitive mechanisms that can underlie 
exploratory behavior in groups. Through results from simulation experiments, we conclude that “exploration” may 
not be a single cognitive property, but rather the emergent result of three distinct behavioral and cognitive 
mechanisms, namely, (a) breadth of generalization, (b) quality of prior expectation, and (c) relative valuation of 
self-obtained information.
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Major Goals 
A description of the major goals of the project.  
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In this research we built upon the insights of research of Decisions from Experience (DfE), developments in network science and collective 
intelligence research to create models of collective behavior that are emergent from individual cognition. 
 
Models that start with strong representations of individual behavior should be able to explain and make more accurately represent the aggregate 
effects of network-based tasks, compared to network science models that mostly assume simple and non-cognitive agents. 
 
We aim at advancing the current state of the art in network science by contributing to: methods of information aggregation; strategies to learn 
from observation of other members in a network; generalizing rational benchmarks to simple social strategic games; and connecting incentives to 
social preferences such as cooperation, fairness, trust, and reciprocity. 

mailto:coty@cmu.edu
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Our efforts entail experimentation in choice tasks where individuals, pairs, and small groups interact and where we vary the levels of information 
provided to group members. This project also involves the construction of new models that represent the aggregate behavior of pairs or small 
groups from the emergent behavior of individual cognitive agents. Specifically, we work on: (1) systematic expansions of mechanisms of 
instance-based learning theory (IBLT) through the inclusion of methods known in social dilemmas and network science research; (2) the 
empirical investigation of the interaction between information, incentives, and network structure on efficient networks and social welfare; and (3) 
the computational implementation of cognitive models to test new theoretical expansions of collective network models, against experimental data. 
 
There are at least three current scientific challenges that this research is currently addressing: 

1) The Network-Cognitive Science Gap – Two scientific communities (Network Science and Cognitive Science) are often interested in diverse 
levels of understanding of behavioral phenomena.  Cognitive Scientists on the one hand, study human behavior and cognition mostly from 
an individual perspective. Many psychology experiments often approach DfE in learning studies individually. Often experiments involve 
learning tasks out of context, with minimum instructions, and in isolation from others for reasons of experimental control. Social scientists 
on the other hand, are interested in precisely what studies of individual want to control for: the interaction with others and understanding 
how decisions are made in the presence of others and by observing others. However, they are often less interested in each of the individual’s 
cognition and how that impacts the group behavior. Thus, cognitive and social sciences vary in their “unit of analysis”: the group or the 
individual. 

2) Scaling up experimentation from individuals to groups. – Although executing experiments in large groups may seem like something that 
psychologist “should have figured out”, the reality is that the execution of large team experiments and the technology behind such endeavor 
are relatively new and the developments are relatively recent.  

3) Scaling up cognitive models of learning and DfE to learning and DfE in groups. – Most well-known cognitive models of learning represent 
individual learning.  We scale up current Instance-Based Learning (IBL) models of learning by building on current efforts to expand the 
cognitive theories and models of decisions from experience in simple social situations. A new theoretical integration is expected to provide 
understanding of how people appraise their own actions and actions of others when making decisions from experience, and a clarification 
of the role of information and the incentives in a network.  

 
Accomplished under Goals 
A description of what was accomplished under the goals during the reporting period.  
Text Only. A PDF document can be uploaded in the "Upload" section. 
8,000 Characters Left 
 

Overall, this project produced 12 publications; 6 journal articles and 6 conference proceedings publications.  
 

During the first year we analyzed human data reported and collected in team studies conducted by Mason, Jones, and Goldstone 
(2008) to demonstrate how the dynamics emerging from various network structures and function complexity suggest the emergence 



of exploration and exploitation in networks. We also proposed a model of dynamic decision-making by networked individuals in 
which agents probabilistically select from all available options, in contrast to models in which choices are made among explicitly 
encoded strategies. We observe exploitation-exploration trade-offs in human networks and explain the decrease of exploration and 
increase in exploitation over time using cognitive models. 
Also, during the first year we investigated a number of platforms to run experiments with large number of participants online.  We 
programmed and ran an online group experiment using the using game.  
 
During the second year we invested our efforts in: (1) conducting a set of experiments of pairs and groups;  (2) analyzing existing 
data sets to investigate of learning and decision making of individuals and groups, particularly the concept of exploration-exploitation 
in problem solving tasks done in groups; (3) improve our Python IBL modeling architecture (PyIBL) to address the possibility of 
creating models that involve multiple IBL agents; (4) generate new agent-based models, independent form IBL, to propose how 
emergent group behavior may form from individual self-interest decisions. 
 
During the third year of this grant we invested our efforts in: (1) Emergence of cooperation by trusting other’s decisions;  (2) generate 
new agent-based algorithms that demonstrate the emergence of collective intelligence from individual selfish behavior; (3) explore 
variability and aggregation in models; (4) analyze existing data sets to investigate of learning and decision making of individuals and 
groups, particularly the concept of exploration-exploitation in problem solving tasks done in groups. 
 

 
Training Opportunities 
A description of Opportunities for training during the reporting period.  

Nothing to Report 
8000 character limit 
8000 Characters Left 
 
This project supported two Ph.D. students in Social and Decision Sciences.  They were both trained in Cognitive Modeling, particularly introduced 
to Instance-Based Learning Models and Bayesian approaches. After graduation, Erin McCormick has continued her research career at the Air Force 
Research Laboratories. 
 
This grant also supported four Post-Doctoral fellows. The post-docs were introduced to cognitive modeling and experimental approaches for testing 
and verifying predictions of an agent-based model. 
 
Results Dissemination 



A description of dissemination during the reporting period.   
Nothing to Report 
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