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We describe an ACT-R model of performance and learning in a real-time dynamic decision-making task. The task, called Pipes, is a simulation of a water distribution system. This simulation is an abstraction of a real-world resource management task performed in an organization with large-scale logistical operations (The United States Postal Service) (Lerch, Ballow and Harter, 1997).

The system consists of a total of 23 tanks connected by pipes and controlled by pumps. Water arrives at pre-assigned intervals in the leftmost tank (source) and is to be pumped from left to right through a tree of tanks into the rightmost tanks (factories). Each factory has an associated deadline by which a certain number of water buckets must be delivered. To distribute the water, each tank has two pumps associated with it that can be turned on and off, with the restriction that at most five pumps can be active at any time. The goal of the experiment is to schedule the pumps to minimize the number of missed buckets over the course of the experiment. This task is a real-time dynamic decision-making task because:

1. It requires a series of decisions rather than a single decision.

2. The decisions are interdependent. Each decision affects all the following decisions.

3. The environment changes continuously, both autonomously and from subject actions.

4. Decisions need to be made in real time, at the correct time.

In this experiment subjects were assigned to either of two situations that varied the speed at the simulation changed and thus the time pressure on the subjects. Since working memory (WM) is a principal system in the performance of cognitive tasks, subjects were given tests of WM capacity. The basic results are that subjects in the slow condition improved their performance faster than subjects in the fast condition (after controlling for time on task), and the performance improvement was correlated with measures of WM capacity. Moreover, performance was better when subjects' decisions did not conform to a number of general strategies. 

Because performance improvement is correlated with the abandonment of general strategies, we decided to model learning in this task through the acquisition of specific examples. The basic structure of this model is somewhat similar to that of the navigation experiment (Anderson, Bothell, Douglass & Lebiere, 1997). The urgency of each tank is evaluated in sequence, and the most urgent tank is selected to have its pump(s) activated. If no pump is available, then the tanks associated to the currently activated pumps are evaluated to determine the least urgent tank whose pump could be turned off. The evaluation of the urgency of a tank is based upon some basic characteristics of the tank: the amount of time until its deadline, the number of water buckets in the tank, and the distance between the tank and the factory. Initially, a production rule implementing a general heuristic strategy can be used to evaluate a tank. When the goal to evaluate a tank is accomplished and popped, it becomes a chunk in declarative memory recording that evaluation. That evaluation can then be adjusted when its outcome becomes clear (e.g. missed deadline). Subsequent evaluations can be performed by retrieving chunks encoding instances of similar evaluations. Instead of retrieving a single past instance, the aggregate evaluation of a set of related instances is retrieved according to the new blending mechanism proposed in (Lebiere, 1999). The performance improvement in the model is similar to the subjects' improvement. Individual differences among subjects can be reproduced by variations of the ACT-R activation noise parameter. Additional issues related to the modeling of the other experimental conditions are discussed.
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ACT-R Cognitive Modeling
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Structure of Chunks
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Initial Comparison to Users Learning
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Conclusions

		Cognitive Modeling of Learning in RTDDM is challenging

		Activation noise is a plausible candidate source of individual differences

		Many future modeling issues: Time pressure, Individual Differences, Training Practices
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Initial Exploration of Noise on Learning
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Critical Productions















Meet Deadline:


 


IF 


 


the goal is to meet a deadline and it is not 10:00 o'clock


 


THEN


 


set a goal to make a decision


 


Evaluate with Previous Situation


 


IF


 


the goal is to evaluate a tank and t


he simulation has been run once


 


THEN


 


calculate the urgency of the decision according to the weighted


-


retrieval procedure of previous memory, and pop the goal of 


evaluating a tank.


 


Evaluate by


 


Rule


 


 


IF


 


the goal is to evaluate a tank and this is the first ti


me to run the simulation


 


THEN


 


calculate the urgency of the decision according to the time to the deadline, and pop the goal of evaluating a tank.


 


Choose Tank On:


 


IF


 


the goal is to make a decision and there is a tank with at least one pump off that hasn’t b


een evaluated and the tank has 


enough water and the tank’s deadline is not expired


 


THEN


 


set a goal to evaluate turning on the tank and store the evaluation


 


Turn Tank On:


 


IF


 


the goal is to make a decision and there are available pumps to turn on and the pum


p to turn on has been chosen


 


THEN


 


update the status of the pump and pop the goal of making a decision


 


Choose Tank Off:


 


IF


 


the goal is to make a decision and there is a tank with at least one pump on that hasn’t been evaluated and the tank has enough 


water 


and the tank’s deadline is not expired


 


THEN


 


set a goal to evaluate turning off the tank and store the evaluation


 


Turn Tank Off:


 


IF


 


the goal is to make a decision and the tank to turn on is more urgent than one of the tanks currently on and the pump to turn


 


off has been chosen


 


THEN


 


update the status of the pumps and pop the goal of making a decision
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Symbolic Representation of 

ACT-R model of Pipes
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ACT-R symbolic representation: User Model
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ACT-R symbolic representation: User Model


Environment: Simulation


Actions caused by User:


Change Pump status


Independent change of the environment:


Auto add water


Pump Water from previous tanks


Verify cleaning/queued pumps


Verify deadlines


Feedback actions


Calculate missed buckets


GOAL:
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Current
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Trial*Condition*Raven
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Sheet1


			Case Summaries						1			2			3																					Case Summaries


			condition						MISSED1			MISSED2			MISSED3																					condition						IDLE1			IDLE2			IDLE3


			FF			Mean			169.5238095238			135.1428571429			116.9761904762																					FF			Mean			0.0335178588			0.016816191			0.0164484226						3.3517858812			1.681619102			1.6448422557


						N			14			14			14																								Std. Deviation			0.0338623478			0.023666198			0.0272967094


			VSF			Mean			172.9210526316			119.6052631579			95.8859649123																					SF			Mean			0.0071788294			0.0034809175			0.0048741444						0.7178829362			0.3480917464			0.487414437


						N			19			19			19																								Std. Deviation			0.0093994964			0.0076955722			0.0065039487


			Total			Mean			171.4797979798			126.196969697			104.8333333333																					VSF			Mean			0.0155701825			0.0024451943			0.0082090711						1.5570182549			0.2445194282			0.8209071138


						N			33			33			33																								Std. Deviation			0.0224191376			0.0051284739			0.01205479


																																				Total			Mean			0.0179580564			0.0068893887			0.0094742159


																																							Std. Deviation			0.0252635475			0.0148489863			0.0170700845


			Low Raven																																	Case Summaries


																																				condition						SWEEP1			SWEEP2			SWEEP3


			Case Summaries																																	FF			Mean			0.2046567456			0.2009339564			0.1933234126						20.46567456			20.0933956446			19.3323412644


			raven>54 and userid <> "jesst78" and userid <> "alsst44" (FILTER)			condition						MISSED1			MISSED2			MISSED3																					Std. Deviation			0.0274451125			0.0192682391			0.0262522023


			0			FF			Mean			179.3095238095			156.7857142857			144.4047619048																		SF			Mean			0.2377604159			0.2160416674			0.1942968752						23.7760415922			21.6041667387			19.4296875192


									N			7			7			7																					Std. Deviation			0.0432115413			0.0352989511			0.0277032671


						VSF			Mean			208.55			137.6			112.2333333333																		VSF			Mean			0.2364144725			0.2111184217			0.1834831867						23.6414472523			21.1118421664			18.3483186652


									N			10			10			10																					Std. Deviation			0.0460861389			0.0328956518			0.0190780804


						Total			Mean			196.5098039216			145.5			125.4803921569																		Total			Mean			0.227780328			0.2098161649			0.1898256801


									N			17			17			17																					Std. Deviation			0.0424576357			0.0305340512			0.024272051


			1			FF			Mean			159.7380952381			113.5			89.5476190476


									N			7			7			7


						VSF			Mean			133.3333333333			99.6111111111			77.7222222222


									N			9			9			9


						Total			Mean			144.8854166667			105.6875			82.8958333333


									N			16			16			16


			Total			FF			Mean			169.5238095238			135.1428571429			116.9761904762


									N			14			14			14


						VSF			Mean			172.9210526316			119.6052631579			95.8859649123


									N			19			19			19


						Total			Mean			171.4797979798			126.196969697			104.8333333333


									N			33			33			33


						Std. Deviation			56.4596807957			38.8238638907			34.5814497479


			Case Summaries


			raven>54 and userid <> "jesst78" and userid <> "alsst44" (FILTER)						MISSED1			MISSED2			MISSED3


			0			Mean			196.5098039216			145.5			125.4803921569


						N			17			17			17


			1			Mean			144.8854166667			105.6875			82.8958333333


						N			16			16			16


			Total			Mean			171.4797979798			126.196969697			104.8333333333


						N			33			33			33
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			Correlations


									RAVEN			RSPANN			VSPANN


			Pearson Correlation			RAVEN			1


						RSPANN			0.413			1


						VSPANN			0.525			0.481			1


			Sig. (2-tailed)			RAVEN			.			0.0031779138			0.0001061881


						RSPANN			0.0031779138			.			0.000470596


						VSPANN			0.0001061881			0.000470596			.


			N			RAVEN			49			49			49


						RSPANN			49			49			49


						VSPANN			49			49			49


			**			Correlation is significant at the 0.01 level (2-tailed).








			










Chart2


			1			1


			2			2


			3			3





FF


VSF


Day


Performance


High Raven


159.7380952381


133.3333333333


113.5


99.6111111111


89.5476190476


77.7222222222





Sheet1


			Case Summaries						1			2			3																					Case Summaries


			condition						MISSED1			MISSED2			MISSED3																					condition						IDLE1			IDLE2			IDLE3


			FF			Mean			169.5238095238			135.1428571429			116.9761904762																					FF			Mean			0.0335178588			0.016816191			0.0164484226						3.3517858812			1.681619102			1.6448422557


						N			14			14			14																								Std. Deviation			0.0338623478			0.023666198			0.0272967094


			VSF			Mean			172.9210526316			119.6052631579			95.8859649123																					SF			Mean			0.0071788294			0.0034809175			0.0048741444						0.7178829362			0.3480917464			0.487414437


						N			19			19			19																								Std. Deviation			0.0093994964			0.0076955722			0.0065039487


			Total			Mean			171.4797979798			126.196969697			104.8333333333																					VSF			Mean			0.0155701825			0.0024451943			0.0082090711						1.5570182549			0.2445194282			0.8209071138


						N			33			33			33																								Std. Deviation			0.0224191376			0.0051284739			0.01205479


																																				Total			Mean			0.0179580564			0.0068893887			0.0094742159


																																							Std. Deviation			0.0252635475			0.0148489863			0.0170700845


			Low Raven																																	Case Summaries


																																				condition						SWEEP1			SWEEP2			SWEEP3


			Case Summaries																																	FF			Mean			0.2046567456			0.2009339564			0.1933234126						20.46567456			20.0933956446			19.3323412644


			raven>54 and userid <> "jesst78" and userid <> "alsst44" (FILTER)			condition						MISSED1			MISSED2			MISSED3																					Std. Deviation			0.0274451125			0.0192682391			0.0262522023


			0			FF			Mean			179.3095238095			156.7857142857			144.4047619048																		SF			Mean			0.2377604159			0.2160416674			0.1942968752						23.7760415922			21.6041667387			19.4296875192


									N			7			7			7																					Std. Deviation			0.0432115413			0.0352989511			0.0277032671


						VSF			Mean			208.55			137.6			112.2333333333																		VSF			Mean			0.2364144725			0.2111184217			0.1834831867						23.6414472523			21.1118421664			18.3483186652


									N			10			10			10																					Std. Deviation			0.0460861389			0.0328956518			0.0190780804


						Total			Mean			196.5098039216			145.5			125.4803921569																		Total			Mean			0.227780328			0.2098161649			0.1898256801


									N			17			17			17																					Std. Deviation			0.0424576357			0.0305340512			0.024272051


			1			FF			Mean			159.7380952381			113.5			89.5476190476


									N			7			7			7


						VSF			Mean			133.3333333333			99.6111111111			77.7222222222


									N			9			9			9


						Total			Mean			144.8854166667			105.6875			82.8958333333


									N			16			16			16


			Total			FF			Mean			169.5238095238			135.1428571429			116.9761904762


									N			14			14			14


						VSF			Mean			172.9210526316			119.6052631579			95.8859649123


									N			19			19			19


						Total			Mean			171.4797979798			126.196969697			104.8333333333


									N			33			33			33


						Std. Deviation			56.4596807957			38.8238638907			34.5814497479


			Case Summaries


			raven>54 and userid <> "jesst78" and userid <> "alsst44" (FILTER)						MISSED1			MISSED2			MISSED3


			0			Mean			196.5098039216			145.5			125.4803921569


						N			17			17			17


			1			Mean			144.8854166667			105.6875			82.8958333333


						N			16			16			16


			Total			Mean			171.4797979798			126.196969697			104.8333333333


						N			33			33			33
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			Correlations


									RAVEN			RSPANN			VSPANN


			Pearson Correlation			RAVEN			1


						RSPANN			0.413			1


						VSPANN			0.525			0.481			1


			Sig. (2-tailed)			RAVEN			.			0.0031779138			0.0001061881


						RSPANN			0.0031779138			.			0.000470596


						VSPANN			0.0001061881			0.000470596			.


			N			RAVEN			49			49			49


						RSPANN			49			49			49


						VSPANN			49			49			49


			**			Correlation is significant at the 0.01 level (2-tailed).
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Average Fit for Rule Following Behavior
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			Case Summaries																																																																					number of decisions


			condition						AT2NP1			AT2NP2			AT2NP3			ATV2NP1			ATV2NP2			ATV2NP3			ATVC2NP1			ATVC2NP2			ATVC2NP3																																							condition			Experiment			AvgOfCountOfActionHr


			FF			Mean			0.6232676183			0.625089758			0.6056393505			0.6470276316			0.6551728029			0.6388446514			0.6699384902			0.68303482			0.680226705																																							FF			1			43.1428571429


						Minimum			0.32180913			0.4374192584			0.4031959469			0.3119394933			0.4640762109			0.4761836922			0.4193877423			0.5330974055			0.5518384157																																							FF			2			43.9285714286			FF			45.1547619048			43.7023809524			41.5476190476


						Maximum			0.7902655454			0.8310259168			0.783243676			0.7734024418			0.8029351837			0.7709381864			0.7888273528			0.8499739701			0.8184922586																																							FF			3			44.3571428571			VSF			50.4736842105			45.0959752322			39.149122807


						Std. Deviation			0.1238734162			0.1082706764			0.1065140468			0.1143862005			0.0955552322			0.09543425			0.1004094748			0.0900560387			0.0856335112																																							FF			4			46.9285714286


			SF			Mean			0.6562086448			0.6462683122			0.6189023878			0.681346888			0.6837433827			0.6560732527			0.6909283609			0.7131170821			0.7037740594																																							FF			5			46.0714285714


						Minimum			0.4878420314			0.4965542328			0.500449304			0.5490649177			0.5314534191			0.5649958902			0.5473150306			0.5344738319			0.5918463309																																							FF			6			46.5


						Maximum			0.8272789104			0.784790087			0.77711932			0.8120668096			0.802320513			0.798100509			0.8285694763			0.8136937442			0.8706079251																																							FF			7			44.3571428571


						Std. Deviation			0.1004407834			0.0827360074			0.0774254709			0.0800874028			0.0720606796			0.0748688873			0.0823398642			0.0838885034			0.0836786412																																							FF			8			44.6428571429


			VSF			Mean			0.6323169482			0.5854842412			0.5484784538			0.6565348988			0.6392721788			0.5971374755			0.665685412			0.6598210387			0.6305330255																																							FF			9			43.5714285714


						Minimum			0.4580555556			0.4419354839			0.4189563691			0.5118998129			0.5129718954			0.4704812448			0.4889369178			0.5170272391			0.5033445857																																							FF			10			44.0714285714


						Maximum			0.8547414762			0.7168487018			0.8017993114			0.822494429			0.7626402582			0.7933142292			0.807860656			0.8168914586			0.8317628014																																							FF			11			42.6428571429


						Std. Deviation			0.1053957063			0.088065869			0.0964812767			0.0842100486			0.0750801743			0.0788786353			0.0864340224			0.0846845682			0.0832074625																																							FF			12			42.9285714286


			Total			Mean			0.6375327957			0.6166479631			0.5878057089			0.6619204108			0.6583364237			0.6282981469			0.6751431728			0.6838563373			0.6686466593																																							FF			13			43.3571428571


						Minimum			0.32180913			0.4374192584			0.4031959469			0.3119394933			0.4640762109			0.4704812448			0.4193877423			0.5170272391			0.5033445857																																							FF			14			40.2857142857


						Maximum			0.8547414762			0.8310259168			0.8017993114			0.822494429			0.8029351837			0.798100509			0.8285694763			0.8499739701			0.8706079251																																							FF			15			41


						Std. Deviation			0.1079834462			0.0944457931			0.0972833905			0.0917018388			0.0810647812			0.0850027788			0.0881883955			0.0871733999			0.088294644																																							FF			16			42.7857142857


									Time			Time-Vol			Time-Vol-Chain																																																									FF			17			41.2142857143


			FF						0.617998909			0.6470150286			0.6777333384																																																									FF			18			40.6428571429


			VSF						0.5887598811			0.6309815177			0.6520131587																																																									SF			1			49.2


																																																																								SF			2			50.5


									1			2			3																																																									SF			3			51


																																																																								SF			4			47.25


																																																																								SF			5			45.875
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