Conditional Analysis Testing Upgrade (CAT2)
11/5/06
Project Description:  This is an upgrade of the existing CAT spreadsheet and the Price Behavior Maps that I produce using that spreadsheet.  
Discussion:  Currently, I use the CAT spreadsheet to generate Price Behavior Maps which show the historical behavior of seven currency pairs under a variety of different technical conditions.  The map shows the behavior as a set of median values for maximum rise, maximum decline, total change and period length for the period during which the technical condition is true.  For example, the map might show that when GBP/USD crosses above the 20-day moving average, the median length of time that it stays above the average is 27 days, the highest rise during such a period is 48 pips, the lowest decline is 23 pips, and the median change is +12 pips.

In the example, the fact that the median rise is about twice the median decline is somewhat helpful and indicates an obvious bullish tendency, but this is not really all that a trader needs.  A trade involves choosing a stop point and a target as well as the direction.  Suppose the bar which moves above the 20-day SMA in our example closes at 1.8850.  From our analysis, the trader knows that there is a 50% chance that the price will hit 1.8898 and a 50% chance that it will go as low as 1.8827.  Setting the target or stop at a point which would be hit about half the time isn’t really satisfactory though, and the use of just the median value gives us a picture of price behavior that is too indistinct.  
This upgrade will incorporate several changes to the calculations in the CAT spreadsheet.

1.  I will determine the 25th and 75th percentile values for maximum rise and 
decline during the period instead of the median (50th percentile) values.  This will 
bring more “focus” to the price behavior.


2.  I will no longer calculate the total change over the period as this is not really 
relevant to the trade.  


3.  I will clean up the list of conditions that I’ve been using on the PBM so that 
they are all symmetrical, thus eliminating the “overbought” and “oversold” 
conditions.  The problem with these types of conditions was that they lasted for a 
very short period of time, while their converse condition would last for a very 
long time.  Also, there is really no use in knowing the price behavior during the 
short period of time during which an indicator like RSI is in an overbought 
condition for example.  Such an indicator is meant to signal what will happen 
later as a result of this short-lived condition, not what will happen while the 
condition exists.  This sort of OB/OS indicator needs to be the subject of another 
study involving price behavior that occurs at the conclusion of the OB/OS 
condition and after, which is not what the CAT spreadsheet does.  

4.  I will calculate a score and direction for each pair/condition combination using 
the formula for Expected Return.  This will identify the best trading opportunities 
within the map.  
“Expected Return” Discussion & Rationale:  For each pair and condition, there will be four statistics; the maximum price rise and decline with both a 25% and a 75% historical probability.  For example:


Percentile

25th

75th



Hit Probability
75%

25%

Rise


24

68


Decline

-36

-102

Although we can set up eight possible trades by placing our stop and target at different combinations of these locations, the purpose of using the 25th and 75th percentile is to set up trades that are more likely to be successful.  Therefore, I make the simplifying assumption that our stop is always at the harder to reach spot (75th percentile) while the target is set at an easier to reach location (25th percentile).  This leaves us with two possibilities:
LONG

Stop at -102
Target at 24

SHORT
Stop at 68
Target at -36

Since there is a 0.25 historical probability that the stop is hit, the stop giving us a loss of 68 is clearly preferable to the other one.  Similarly, the target profit of 36 is preferable because both targets have an equal historical hit probability of 0.75.  

Many situations will not be so clear however, and we need a way of comparing them.  The scoring method I will use is simply to apply the formula for expected return to each of the two possible trades.  Expected return is the probability of a profit multiplied by the amount of profit minus the probability of a loss multiplied by the amount of the loss:

LONG:  (0.75 x 24) - (0.25 x 102) = 18 – 25.5 = loss of 7.5 pips per trade
SHORT: (0.75 x 36) – (0.25 x 68) = 27 – 17 = gain of 10 pips per trade

However, these results are not the actual expected returns of the trades!   
We cannot calculate the real expected return like this because we would be making several erroneous assumptions.  First of all, there are more possible outcomes than the stop being hit or the target being hit.  Neither one could be hit, or they could both be hit.  Those possibilities have probabilities too.  It is tempting to try to determine those probabilities by using joint probabilty formulas and saying that the probability that both will be hit is 0.75 x 0.25 = 0.1875 for example.  This is not correct either because the two events are not independent of one another.  If the target is hit, it is less likely that the stop will be hit because the price is further from the stop and vice-versa.  The only way to really determine the actual probabilities of all four possibilities is empirically, and even then we would run into the problem of determining whether the stop or target was hit first in the case where both are hit.  
So I am not using the expected return formula in order to calculate the actual expected return of any trade setup.  I am simply using it as a scoring system which allows us to compare one trade setup with another.  So in the example above, I don’t know if the expected return of the trades are -7.5 and 10 or not, but what I do know is that the short trade is better than the long one.  

Leading OB/OS Indicators:  Going back to the change I mentioned in #3 on page 1, I have just thought of a way to deal with oscillating indicators such as RSI and Williams Percentage Range.  

For Conditional Analyis Testing (CAT) results to make sense, I have to keep the domains of the opposite conditions symmetrical.  This means I can’t have conditions like 

“RSI > 80” and “RSI <= 80” because the domain of the second one is huge compared to that of the first.  We don’t get meaningful information from price behavior data under these types of conditions.  

On the other hand, just looking at the data from two (approximately) symmetrical conditions like “RSI > 50” and “RSI <=50” isn’t very useful either because that ignores the point of the indicator which is to show extreme overbought/oversold conditions in the price movement.  The reason such indicators are called “leading” though is that the price reaction to an OB or OS condition occurs after the condition has disappeared as opposed to during the period when the condition is true as is the case with a price that is above a moving average for example.  
Although not perfect, one way to look at the cyclical nature of OB/OS indicators while still conforming to the requirement for symmetrical conditions is to look not only at the position of the indicator with respect to its zero line, but at the direction of the indicator as well.  An oscillator generally goes through a cycle which can be described by the following four phases:   Above zero and rising, above zero and falling, below zero and falling and below zero and rising.   I will set up the new version of the CAT spreadsheet to look at both oscillator position and oscillator direction.  Looked at together, these sets of conditions may be useful.     
11/7/06
Construction and testing:  Wow, I hope some other people read these notes soon to double check my work and see if I’ve made some kind of conceptual error somewhere.  The initial results I’m getting are extremely consistent across currency pairs, and it’s making me think that there may be something causing type-I errors here.  Or it could be that the “keep it simple” approach just works pretty well.  

Anyway, I built the new spreadsheet, dubbed “CAT2” last night.  I’m looking at 14 technical indicators each of which has two opposite conditions (above or below the moving average, rising or falling, and so forth).  For each condition, CAT2 just looks at each historical period for which the condition was true and finds the maximum rise and decline of the price during the period as measured from the close of the first bar in the period.  It then finds the 25th and 75th percentile for these sets of rises and declines and translates these into probabilities of 0.25 and 0.75.  So for example, for a particular currency pair and condition our results might look like this:

25%
75%
75%
25%
-9
-6
3
10

This is basically telling us that when the condition occurred, the pair was able to rise by at least 3 pips 75% of the time, but could rise to 10 pips only 25% of the time.  Similarly, the pair managed to decline by 6 pips 75% of the time, but only declined 9 pips or more 25% of the time.  

Here’s a portion of the actual results from last week’s 10-minute bar data:

	Technical Analysis Conditions
	USD/CAD
	GBP/USD

	
	Decline
	Rise
	Decline
	Rise

	
	25%
	75%
	75%
	25%
	25%
	75%
	75%
	25%

	Close vs. 5-Bar SMA
	C > SMA(5)
	-9
	-5
	3
	12
	-10
	-5
	4
	12

	
	C <= SMA(5)
	-9
	-4
	5
	8
	-12
	-4
	5
	10

	Close vs. 20-Bar SMA
	C > SMA(20)
	-10
	-6
	3
	10
	-11
	-7
	3
	11

	
	C <= SMA(20)
	-10
	-4
	5
	10
	-11
	-4
	6
	10

	5-bar MA vs. 20-bar MA
	SMA(5) > SMA(20)
	-10
	-6
	3
	10
	-11
	-7
	3
	11

	
	SMA(5) <= SMA(20)
	-10
	-4
	5
	10
	-11
	-4
	6
	10

	5-bar %R vs. 50%
	%R(5) > 50%
	-9
	-5
	3
	13
	-10
	-5
	4
	15

	
	%R(5) <= 50%
	-9
	-4
	4
	8
	-12
	-5
	6
	11

	5-bar %R direction
	%R(5) rising
	-9
	-5
	3
	9
	-9
	-4
	3
	10

	
	%R(5) declining
	-10
	-4
	4
	8
	-11
	-4
	4
	8


The price movement is colored green if it is higher than the corresponding movement under the opposite condition and red if it is lower.  For example, the USD/CAD had a 75% probability decline of 5 pips when the close was above the SMA(5) but the same decline was only 4 pips when the close was below the moving average.  So the 4-pip decline is in green because it’s more bullish than the 5-pip decline shown in red.  This color scheme isn’t really crucial though, and I could just as well do without it.  

The next step is to use the “expected return” formula to find the best trade direction for each situation and to assign a score to the trade.  Again, this score is not really the expected return of the trade; we’re just using the formula as a consistent means of comparing one possible trade to another.  
As an example we’ll look at the first condition in the list which is that the close is above the 5-bar simple moving average and apply that to the USD/CAD to see how price behaves.  We can see our results from the top left set of data on the previous page which I’ve reproduced here:

25%
75%
75%
25%
-9
-5
3
12

To simplify matters, I have set up CAT2 to assume that we always use a very probable target and a very improbable stop, meaning that we always use target prices that have a 75% chance of being hit and stops which only have a 25% chance of being hit (historically of course).  This assumption will only allow us one possible trade for each direction, which in this case are:

LONG:  
Target at 3
Stop at -9

SHORT:
Target at -5
Stop at 12

Now using the “expected return” concept, for every four trades we can expect to hit the target 3 times and the stop once (have I mentioned that this isn’t actually true and that we’re just using this formula as a way of comparing...oh, I have?  Ok, good).   So we just multiply the win amount by 3 and subtract the loss amount (multiplied by one) to get the score.  I use this “four trades” interpretation because I like to end up with whole number scores.  The scores of the long and short trades shown above are:

LONG:  
(3 x 3) – (1 x 9) = 0

SHORT:  
(3 x 5) – (1 x 12) = 3

So when the price moves above the SMA(5) on the USD/CAD, the better trade is to go short with a target of 5 pips down and a stop that is 12 pips up.  We measure the 5 and 12 pips from the first close above the moving average, so if a price bar penetrated above the average and closed at 1.1290, we would set our target at 1.1285 and our stop at 1.1302 according to this analysis.  

Of course this particular trade isn’t too exciting and who knows if it would really work over the long term?  However, CAT2 allows us to look at all pairs against all the conditions on the list and do the exact same analysis.  On the spreadsheet, the format of the scoring results for the above analysis look like this:

L
S
?
#
0
3
S
3
The “L” and “S” columns show the scores of the long and short trades, the “?” column shows which direction turned out to be best (short in this case) and the “#” column shows the score for that choice.   Here are the scoring results for the first two currency pairs from last week’s short term charts:

	Technical Analysis Conditions
	USD/CAD
	GBP/USD

	
	Analysis
	Analysis

	
	L
	S
	?
	#
	L
	S
	?
	#

	Close vs. 5-Bar SMA
	C > SMA(5)
	0
	3
	S
	3
	2
	3
	S
	3

	
	C <= SMA(5)
	6
	4
	L
	6
	3
	2
	L
	3

	Close vs. 20-Bar SMA
	C > SMA(20)
	-1
	8
	S
	8
	-2
	10
	S
	10

	
	C <= SMA(20)
	5
	2
	L
	5
	7
	2
	L
	7

	5-bar MA vs. 20-bar MA
	SMA(5) > SMA(20)
	-1
	8
	S
	8
	-2
	10
	S
	10

	
	SMA(5) <= SMA(20)
	5
	2
	L
	5
	7
	2
	L
	7

	5-bar %R vs. 50%
	%R(5) > 50%
	0
	2
	S
	2
	2
	0
	L
	2

	
	%R(5) <= 50%
	3
	4
	S
	4
	6
	4
	L
	6

	5-bar %R direction
	%R(5) rising
	0
	6
	S
	6
	0
	2
	S
	2

	
	%R(5) declining
	2
	4
	S
	4
	1
	4
	S
	4

	20-bar %R vs. 50%
	%R(20) > 50%
	-2
	8
	S
	8
	-3
	7
	S
	7

	
	%R(20) <= 50%
	8
	1
	L
	8
	5
	1
	L
	5

	20-bar %R direction
	%R(20) rising
	1
	6
	S
	6
	0
	5
	S
	5

	
	%R(20) declining
	2
	5
	S
	5
	2
	4
	S
	4

	5-bar %R vs. 20-bar %R
	%R(5) > %R(20)
	5
	1
	L
	5
	6
	-3
	L
	6

	
	%R(5) <= %R(20)
	0
	6
	S
	6
	-3
	4
	S
	4

	14-bar RSI vs. 50
	RSI(14) > 50
	-1
	8
	S
	8
	-5
	5
	S
	5

	
	RSI(14) <= 50
	3
	3
	 
	 
	5
	1
	L
	5

	14-bar RSI direction
	RSI(14) rising
	0
	4
	S
	4
	0
	6
	S
	6

	
	RSI(14) declining
	3
	5
	S
	5
	2
	3
	S
	3

	MACD(12,26,9) vs. 0
	MACD > 0
	1
	-1
	L
	1
	-13
	11
	S
	11

	
	MACD <= 0
	8
	-1
	L
	8
	14
	-9
	L
	14

	MACD(26,12,9) direction
	MACD rising
	0
	5
	S
	5
	-2
	5
	S
	5

	
	MACD declining
	4
	3
	L
	4
	5
	1
	L
	5

	MACD vs. signal line
	MACD > Signal
	2
	-3
	L
	2
	-6
	11
	S
	11

	
	MACD <= Signal
	2
	11
	S
	11
	3
	2
	L
	3

	MACD histogram direction
	Histogram rising
	0
	2
	S
	2
	2
	2
	 
	 

	
	Histogram declining
	4
	3
	L
	4
	3
	3
	 
	 


There’s some color coding on these scoring results too, but it’s much more useful than the coding on the raw price behavior results.  For each currency pair, I highlight the highest score in gold so we can see which technical condition worked the best for that pair historically.  As we can see above, the best trade for USD/CAD was to go short when the MACD crossed below its signal line.  This trade had a score of  11.  An even better score of 14 is shown under GBP/USD and was achieved by going long the pair when the MACD line fell below zero.  To find the actual stop and target distances for these trades, we would need to look back at the price behavior results as shown in the table on page 4.  
In addition to highlighting the best scoring condition for each pair, I’ve highlighted all scores of 10 or more.  The reason I did this has to do with the overall results I observed when I finished plugging all the currency pairs into CAT2 and generating the full table (which only took about 15 minutes).  The whole table of scoring results won’t fit on this page, but basically, every single pair with the exception of USD/CAD showed the highest score in the “MACD vs. 0” indicator.  Sometimes the best scoring trade was in the “MACD > 0” condition and sometimes it was in the “MACD <= 0”  condition, but always in the same indicator.  

These results are probably not due to chance, and they indicate that the MACD was the indicator of choice for short-term traders across the board last week.  This is when I started to think that this consistency must be due to some underlying factor that I wasn’t considering, causing me to see significance in results that wasn’t really there (type-I errors).  So I began considering some possible causes of this phenomenon.   
First of all, I checked to see if there were other scores that were nearly as high in other locations.  That’s why I highlighted all the scores of 10 or more.  When I did this, I found that 6 more high scores showed up, but that 1 of them was in the “MACD vs. 0” row, two were in the “MACD vs. Signal” row, and the other three were scattered around.  So the MACD indicator was definitely getting the lion’s share of high scores.  
Next, I thought that maybe these results were caused simply by a situation where the MACD spent most of its time on one side of the zero line or the other over the whole week.  This would cause our sample size to be very low, because we’d only be looking at one or two periods where MACD was on either side, and this in turn would skew the results greatly toward whatever the direction the price was moving during those very few periods.  That wasn’t true either.  On the next page is a chart of the MACD for the AUD/USD during the week, and it crossed zero numerous times, giving about 25 instances of each type of period.  The other pairs have similar activity.  So we had enough samples to make the results meaningful.

AUD/USD
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11/8/06
Finally, I thought that perhaps since all seven currency pairs have the US dollar as one component, the pairs may have moved in synch during the week, causing consistent behavior in relation to the MACD.  In order to check this, I compared the MACD data from the three pairs with the USD as the base currency to see when all three were either equal to zero, above zero or below zero at the same times.  Then I did the same for the other four pairs where the US dollar is the counter-currency.  The chart below and on the next page show the results.  The dark areas denote times when all the MACDs in the group were on the same side of zero. 
There is actually more correlation between the MACD’s than I would expect from random chance, so this may account for the consistency of the high scores across all the currency pairs.  On the other hand, there are a lot of long time frames during which there wasn’t a complete correlation, so this approach was inconclusive.     

3 DOLLAR BASED PAIRS; MACD CORRELATIONS
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4 DOLLAR COUNTER PAIRS;  MACD CORRELATIONS
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The next thing to check is whether or not the other technical conditions show the same scoring consistency across currency pairs as the MACD did.  Below is the raw data of all the scores, along with their averages, standard deviations and coefficients of variation.  

	Scores
	Avg
	SD
	COV

	3
	3
	7
	6
	7
	8
	8
	6
	2.16
	36%

	6
	3
	5
	4
	4
	5
	6
	5
	1.11
	24%

	8
	10
	5
	7
	4
	5
	6
	6
	2.07
	32%

	5
	7
	7
	7
	4
	6
	7
	6
	1.21
	20%

	8
	10
	5
	7
	4
	5
	6
	6
	2.07
	32%

	5
	7
	7
	7
	4
	6
	7
	6
	1.21
	20%

	2
	2
	5
	6
	2
	7
	7
	4
	2.37
	54%

	4
	6
	5
	6
	5
	5
	5
	5
	0.69
	13%

	6
	2
	5
	8
	6
	6
	8
	6
	2.04
	35%

	4
	4
	5
	5
	6
	6
	4
	5
	0.90
	19%

	8
	7
	5
	10
	4
	3
	6
	6
	2.41
	39%

	8
	5
	6
	6
	4
	5
	9
	6
	1.77
	29%

	6
	5
	5
	9
	8
	6
	8
	7
	1.60
	24%

	5
	4
	5
	5
	5
	6
	4
	5
	0.69
	14%

	5
	6
	3
	6
	4
	5
	7
	5
	1.35
	26%

	6
	4
	4
	6
	9
	7
	3
	6
	2.07
	37%

	8
	5
	3
	8
	4
	7
	8
	6
	2.12
	34%

	 
	5
	 
	 
	4
	5
	7
	5
	1.26
	24%

	4
	6
	5
	5
	8
	6
	8
	6
	1.53
	25%

	5
	3
	5
	 
	5
	6
	 
	5
	1.10
	23%

	1
	11
	4
	13
	13
	17
	7
	9
	5.65
	60%

	8
	14
	13
	 
	4
	6
	15
	10
	4.60
	46%

	5
	5
	6
	6
	6
	3
	8
	6
	1.51
	27%

	4
	5
	5
	4
	5
	6
	5
	5
	0.69
	14%

	2
	11
	4
	9
	 
	7
	6
	7
	3.27
	50%

	11
	3
	4
	5
	3
	6
	11
	6
	3.48
	57%

	2
	 
	9
	6
	7
	8
	8
	7
	2.50
	38%

	4
	 
	5
	4
	4
	6
	6
	5
	0.98
	20%


We can see that all of the COVs are less than 1, indicating very little variation among scores for any given technical condition.  So the consistency of the MACD scores across the seven currency pairs is not significant.  That same level of consistency is present in even higher levels (lower COV) by the other technical conditions as well.  

Here’s a better table, leaving out the raw score data but showing the actual indicators, conditions, and COV of the scores.   

	Indicator
	Condition
	COV

	Close vs. 5-Bar SMA
	C > SMA(5)
	36%

	
	C <= SMA(5)
	24%

	Close vs. 20-Bar SMA
	C > SMA(20)
	32%

	
	C <= SMA(20)
	20%

	5-bar MA vs. 20-bar MA
	SMA(5) > SMA(20)
	32%

	
	SMA(5) <= SMA(20)
	20%

	5-bar %R vs. 50%
	%R(5) > 50%
	54%

	
	%R(5) <= 50%
	13%

	5-bar %R direction
	%R(5) rising
	35%

	
	%R(5) declining
	19%

	20-bar %R vs. 50%
	%R(20) > 50%
	39%

	
	%R(20) <= 50%
	29%

	20-bar %R direction
	%R(20) rising
	24%

	
	%R(20) declining
	14%

	5-bar %R vs. 20-bar %R
	%R(5) > %R(20)
	26%

	
	%R(5) <= %R(20)
	37%

	14-bar RSI vs. 50
	RSI(14) > 50
	34%

	
	RSI(14) <= 50
	24%

	14-bar RSI direction
	RSI(14) rising
	25%

	
	RSI(14) declining
	23%

	MACD(12,26,9) vs. 0
	MACD > 0
	60%

	
	MACD <= 0
	46%

	MACD(26,12,9) direction
	MACD rising
	27%

	
	MACD declining
	14%

	MACD vs. signal line
	MACD > Signal
	50%

	
	MACD <= Signal
	57%

	MACD histogram direction
	Histogram rising
	38%

	
	Histogram declining
	20%


So what we have here is an argument that there may be nothing significant at all about the “MACD vs. zero” indicator achieving consistently high scores.  All the indicator conditions were consistent, not just the MACD, and obviously one of the indicators would have to come out on top just by chance.  

But I also decided to look at a comparison of the average scores of all the technical conditions.  They are shown in chart below.
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Now we do see something special about the MACD for last week.  It’s not the consistency of its scores across currency pairs that’s significant; it’s the level of those scores in relation to the other indicators.  The MACD scores are clearly outliers here as all the other scores fall between about 4.5 and 6.5 while these two are 9.5 and 10.  
Conclusions:  
The question of whether the new analysis method that I’ve built into CAT2 provides statistically significant information on price behavior with respect to different technical indicators is still an open one after these preliminary tests.  There is no question however that the trading setup information provided by using the 25th and 75th percentiles instead of the median values for price movement is very user-friendly for trading purposes.  In order to see if I can observe any consistency in price behavior over time, I will track the average score for each technical condition from week to week.  Even though we have found that a high level of consistency in scores over the “currency pair axis” is normal and not significant, we have yet to determine how the scores behave over the time axis.  That will of course take...time.  So I will begin using CAT2 for trading purposes and track the results.  
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