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Abstract

“Ground Truth” is a concept from the analysis of aerial photographs and satellite imagery.  It refers to the validation of an image by comparison of that image with reference data collected on the ground.  Without this ground truthing of models of social behavior, it is not possible to assess the validity of the models.  In this paper, hypothesis testing is used to ground truth two models of human behavior.  In one, a predictive model is constructed for robberies in Richmond, VA in 1997. In the other the hedge fund strategy of “Pairs Trading” is tested.  In both cases the model can be shown to be in correspondence with real world behavior.
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Ground Truthing Models of Social Behavior:  Two Real World Examples
Louise F. Gunderson & James P. Gunderson
“Ground Truth” is a concept from the analysis of aerial photographs and satellite imagery.  It refers to the validation of an image by comparison of that image with reference data collected on the ground.  It is used to verify information extracted from the remotely sensed data [Lillesand and Kiefer, 1994].  The reason for using a term from remote sensing in this paper is to point out that computational social science, like remote sensing, is primarily an observational science.  While in some cases it is possible to run experiment, such as Zimbardo’s 1971 Stanford Prison Experiments, in most cases running experiments is neither feasible nor ethical. In addition, when an experiment is constructed in a synthetic environment, there is always the danger that it will not correspond to the behavior in the real world.  An interesting example of this was demonstrated in the Second World War.   Inductees were routinely given a test of depth perception.  This test was a very simple test, which used only the binocular mechanism of the eyes, with no other perception cues.  It was later found that the results of this test had very little correspondence with the ability of the inductee to perform tasks that used depth perception, such as landing an airplane [Brunswik, 1956].  It is not that the test is wrong, simply that it is testing the wrong thing, in this case the ability of the human to judge depth using only their binocular mechanism. 
This poses an interesting problem; theories in computation social science must be ground truthed by using observed behavior in a natural situation.  One argument against this is that the data may not exist, but with the large amount of data that is routinely recorded, many natural behaviors are observed and recorded.  In this paper, a method of ground truthing based on hypothesis testing is suggested.  In this method, a cognitive or social theory is used to create a model that explains the behavior.  This model is used to create a prediction of future behavior.  Then the predicted behavior is compared to the actual behavior, and the null hypothesis, that the model does not explain the predicted behavior, is tested. 
In this paper, two different models of human behavior are constructed, one is for the choice of targets by burglars in Richmond VA, and the other is of the pricing of pairs of highly correlated stocks in the three major American Exchanges.  Both of these models are constructed using judgment analysis.  The correspondence of the models with the real world is tested and is not rejected. 
Using Judgment Analysis to Construct a Theory of Criminal Behavior 
This work is about the observed result of judgments made by criminal as to the “goodness” of potential targets.   Because of this none of the prescriptive decision theories were used, since they describe the best way for a criminal to select a target, and this work is not intended as a training manual for criminals.  Instead, descriptive decision theory was used, specifically judgment analysis, a theory developed by Egon Brunswik [Cooksey, 1996].  In this theory, the judgment process is represented by the lens model, which is shown in Figure 1 [Brunswik, 1956].  The observer perceived the cues that can be observed about an object.  The subject weights the cues and uses a function of these weighted cues to make a judgment as to the true state.  Because of the errors in the observation of the cues, the judgment also contains an error term, based on the particular cue (i).  This cue weighting has a correlation to the relationship of the cues to the actual state (Cue Utilization Validity).  The actual achievement (performance) in the judgment task can be used to update the weights placed on the cues in future judgment tasks (probabilistic functionalism).  Note that since only one observation by one individual is being discussed the j and the k subscripts are suppressed. This initial model is described by the equation: 
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where v = the judgment of the actual state 


xi  = cue value of  i, as i goes from 1 to n,


wi = the weighting of feature i, as i goes from 1 to n, and


n = the total number of features.
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Figure 1 - Lens Model

One of the first questions that needs to be answered is “How does a criminal choose a specific target?”  There are a number of potential targets, individuals in the case of robbery, and a criminal must select one of them.  One criterion that would make a victim a “good” target would be the vulnerability of the victims.  Research has been done into the judgments of burglars selecting specific houses for breaking and entering.  In studies done on convicted burglars, visual cues used to assess the vulnerability of a house were identified [Shaw and Gifford, 1994].  This work has been extended to show that police officers use the same cues in assessing vulnerability that the burglars use [Ham-Rowbotton et al, 1999].  
Discovering the Preferences of Criminals
If the above model is correct, then criminals are using the features of the victims to select targets.  So, given that the criminals are selecting freely, the rate of robbery should reflect those perceptions. Unfortunately the data set did not include adequate descriptions of the victims, so proxy variables were used.  These were demographic information (from the 1990 census) as a proxy for the type of available victim and weather information as a proxy for the number of available victims.  Cluster specific salience discovery, a sequential clustering method, was performed to discover clusters of robbery events in the feature space made up of the proxy features for robbery in Richmond, VA in 1996 [Brown & Gunderson, 2002].  Nine clusters were discovered in the space of “distance to roads”, “temperature of the previous day”, and “percentage employment”.  

In order to construct a predictive model, the four features that changed over the period the period of study (“temperature of the previous day”, “precipitation of the previous day”, “total crimes on the previous day”. “total crimes two days previous”, “crimes in the cluster on the previous day”, “crimes in the cluster two days previous”) were used.  These features were used to construct a general linear regression with a Poisson distribution to explain the crime in the cluster on each day in the period of study.   Four clusters formed a model with significant predictive ability.  These four clusters together formed the model:
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= the predicted number of crimes for cluster k on day t,

yk,t-1 = the number of events in the cluster on the previous day,

yk,t-2 = the number of events in the cluster on the two days previous,

T = the average temperature of the previous day,

       
I3 = 1 if average temperature for previous day is greater than 55 and less than 73


      0 otherwise, and

.
I5 = 1 if Lagged Temperature is less than 69


       0 otherwise.

These 4 clusters explained 792 of the 1549 events
In order to ground truth the model, it must be used to predict events, so a prediction was constructed for each day in 1997.  Each robbery event in 1997 is assigned to one of the clusters discovered above.  For each day, the number of events in the 4 predictive clusters is compared to the actual number of crimes that occurred.  The null hypothesis is that the best predictor of the number of robbery events is the average of the number of events per day in the previous year.  The predictive models explained 842 events out of the total of 1577 events.  

The deviance reduction of the predictive model was 343.0, on 8 degrees of freedom, which is statistically significant at a = .05.  In terms of mean squared error, the MSE for the average model was 4.3 crimes/day and for the predictive model the MSE was 2.8 crimes/day.  This set of tests allows for the rejection of the null hypothesis that the predictive model is not a statistically significant improvement over the average model.  While not a proof, this ground truthing allows for a certain confidence that the model is in correspondence with eth real world.
Testing an Existing Hedging Strategy (Pairs Trading)
The second example is based in the stock market.  A risk neutral strategy is one in which one stock transaction is used to offset the risk of another stock transaction. These techniques use a suite of statistical arbitrage tools.  One of these is pairs trading.  In a pairs trade, two stocks are located, where their price has been correlated over the long term, but in the short term has become uncorrelated.  This short term divergence is expected to re-converge, and if this occurs the long and short positions are closed out.  The trader matches a long position in one stock with a short position in the other [Mitchell, 2003].  This strategy has been shown to be successful, when used on a subset of available stocks [Gatev, et al, 1998].  In this study one question is asked.  Is there a statistically significant difference between the number of highly correlated stock pairs that reconverge within a set period of time, and the reconvergence rate of a random set of stock pairs?   

Judgment analysis can be used to construct a cognitive model for the potential validity of pairs trading.  Let us consider a stock. Any stock will have a number of available cues that can be used to make a judgment as to the desirability of that stock.  Some of these would include price data, technical indicators, and fundamentals.  Let us further say that one of these cues has suddenly changed for a given stock, this would then affect the desirability of that stock, causing it to become uncorrelated with any other stocks for which this change did not happen.  This is equivalent to a “shock term” in a time series analysis.  If that cue then becomes less important over time, then the tendency of the desirability of that stock would be to return to the original value.  This would both explain the observed tendency, and set the stage for investigation of the nature of the shock terms.  However, in order to even start the investigation, it must be determined that the hypothesis of reconvergence can not be rejected.
   In order to do this, data for all of the stocks on the three major exchanges was collected for the period from January 2, 2002 to June 1, 2004.  For each day in the period from January 2, 2004 to June 1, 2004, the following analysis was done:

· To ensure liquidity, stocks with 10 day average prices of less than two dollars or 10 day average volumes of less than 100,000 shares were rejected.

· The pairwise correlation over the last 500 days was calculated for all remaining stocks (long term correlation).

· The pairwise correlation over the last 20 days was calculated for all remaining stocks (short term correlation).

· All pairs of stocks that had a long term correlation greater than 0.9 and a short term correlation less than 0.50 were recorded.

·  The number of days until the short term reconvergence was greater than 0.5 was recorded for all pairs.
Figure 2 Shows the time to reconvergence of the 32,948 cases of divergence.
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Figure 2 - Days to reconvergence
   This was compared to the time to reconvergence of 10,000 randomly chosen pairs.  A chi-squared test shows that the hypothesis that the two distributions are the same can be rejected at α = .005.    It should also be noted that for the high correlation set the percentage of pairs that fails to converge at 60 days is 3%, while for the random set it is 10%.
Conclusions

In this paper, two studies of social behavior have been shown.  In both cases, a model has been constructed from judgment analysis.  This was used to construct a predictive model that could be tested against a null hypothesis, with real data. While it is often difficult to obtain the data, ground truthing ensures some confidence that the predictive model has some correspondence with human behavior in the real world.  If we intend to use our theories to predict future human behavior, this is well worth the time and expense. 
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