5.5 Managing Backup Timing Error

The next group of failure modes deal with the source of backup timing error: 

13. The hand-timer is subject to error judging the moment (start or finish). 
14. There is synchronization error between the electronic timer and the hand watches. 
15. There is synchronization error between the start and finish watches. 
16. The hand-timer, or time-recorder, is subject to error reading the racer’s bib number. 
17. The hand-timer is subject to error when reading or verbalizing the watch display, or the time-recorder is subject to error understanding, or recording, the spoken value. 
18. The time-recorder is subject to transposition  error. 
19. The chief of timing and calculation is subject to transposition and calculation error.
We'll divide these into distinct categories: the errors of accuracy; the errors of transcription; the errors of transposition. 

5.5.1 Backup Timing -- Errors of Accuracy

Let’s start with the first three failure modes listed, that I place in the category of errors of accuracy.  To reiterate, these modes are: 

13. The hand-timer is subject to error judging the moment (start or finish). 
14. There is synchronization error between the electronic timer and the hand watches. 
15. There is synchronization error between the start and finish watches.
In essence, there are two classes of accuracy errors: random errors and systemic errors.  What do we mean?  By random errors I mean those that are introduced without pattern, or consistency, and cannot be traced to a common root cause.  By systemic errors I mean those that exhibit a pattern, have some consistency to the margin of error, and can be traced to a common root cause. 

Suppose, for example, that the additional weight of ice on a tree branch causes the branch to suddenly snap off and fall beside the hand timer.  The timer is startled.  This is a circumstance that happens very seldom.  The hand timer could just as easily be distracted by snow or ice falling nearby.  We could also imagine a skier veering by in close proximity or someone shouting to the timer.  All of these are distractions.  None of them share a common root cause.  Therefore, I would classify them as random distractions. 

On the other hand, suppose the finish hand timer consistently hits the stopwatch button as the racers’ ski tips reach the finish line.  The timer’s reasoning is that they wish to account for reaction time.  The small delay from decision (in the mind) to push the button until action (at the finger) to push will, it is reasoned, reconcile for the brief moment it takes for the racers’ boots to reach the finish. 

However, it is just as likely that another hand timer will strive to hit the button just as the racers’ boots reach the finish.  Actually, the first hand timer is correct in judging that there is a reaction time.  However, it is impossible to guess whether the tactic will accurately compensate for it.  In the second example, reaction time will be a definite factor.  In neither case will the hand timer be likely to exactly match the finish beam sensor. 

In both cases there is error introduced and it is consistent and traceable.  We know the common root cause of the error; it is reaction time.  There is a discernible pattern, either typically early or typically late triggering of the stopwatch.  Were the stopwatches accurately synchronized to the primary timer we could easily measure the mean difference between the two and determine the margin of error.  Therefore, these are examples of systemic error. 

Systemic error of this kind, as we hinted before, is surprisingly consistent.  The effect of reaction time is inaccuracy in the hand timing.  Still, there is a very high likelihood that, throughout, the margin of error will be pretty much the same.  This is true at the start as well as at the finish.  And yet, the results are still in error.  However, the margin of error can be measured so we can compensate for the error.  After compensating for the error, our result will be the equivalent of what the primary timing would have measured. 

Many readers are well aware of where this is leading.  For those who do, suspend your expectations for a few moments. 

How, one is to ask, do we measure the margin of error so as to compensate?  Well, one way we could do it, is to subject our hand timers to controlled condition tests and measure their average reaction time. 

We would require a compensation value for the hand timer at the start. 

We would require a compensation value for the hand timer at the finish. 

It would also be necessary to know the reaction time of everyone likely to serve as a hand timer, or substitute for one. 

We would then be subject to changes in reaction time when fatigue, illumination level, cold, or physical condition changes from those that existed at the time of the test.  This introduces the idea of compensation for the compensation value to account for differences from the original test conditions.

Certainly our list is not complete, but I think the point has been clearly made.  The whole idea introduces unmanageable complications.  An engineer might describe this as a system with more than one degree of freedom.  Nevertheless, compensating for the error is necessary. 

Fortunately it’s a whole lot easier than that.  All we need to do is compare a statistically valid sample of hand times to statistically corresponding sample primary times.  The process is otherwise known as bench marking .  The average difference between corresponding sample lots is determined.  The result is the margin of error.  Several steps can be saved this way.  Only the results, or elapsed times, are actually compared.  By working the calculation this way we can catch the whole kettle of fish  in one step.  We explain the procedure, in detail, in Chapter 12, Calculating E.E.T. 

Let’s consider the advantages.  Through this method we take into account the margin of error at the start.  We also take into account the margin of error at the finish.  The synchronization error is accounted for as well.  It yields a single value that can be applied directly to calculated hand times.  The result is a statistically valid equivalent time. 

We know that it is impossible to account for all the factors that may bias the result.  We have solved that by using a comparison against an accepted benchmark.  That benchmark, of course, is the primary electronic time.  However, it is not statistically valid to calculate one margin of error and apply it universally throughout.  Why? 

Consider this:  Individual reaction time is influenced by fatigue, illumination level, cold, or physical condition (to mention only a few).  Diligence could suffer due to these factors.  Add to that the variability of individual attention spans.  Maintaining diligence and accuracy throughout a race comprised of two-hundred fifty racers is more challenging than for seventy-five. 

What’s our point?  That the margin of error is likely to be variable over time as reaction time degrades, attention span wanes, weather conditions change, and fatigue sets in.  The error bias changes over time.  Therefore the margin of error is a value that is valid for a limited period. 

What does this mean in practice?  A primary time is missed for racer-x.  Here is the basic procedure for calculating an E.E.T. : 

1. Elapsed times are calculated from the hand times of the five racers that ran before racer-x, and the five racers that ran after.  This assumes that they all received a valid primary time. 
2. What if a notation on the recording sheet indicates a change in timing method?  Select the ten hand times closest to the missing time that use the timing or time conditions most similar to those for the missing time. 
3. The elapsed hand times are then compared to the primary times for those ten racers.  The difference between them is determined.  This process is what we call bench marking. 
4. The differences are averaged together. 
5. The result is the compensation factor. 
6. When applied to the elapsed hand time for racer-x, we render the E.E.T.

This compensation factor takes care of synchronization error completely.  Of all the sources of error, synchronization error is the easiest to manage.  That’s because it is almost perfectly consistent.  It merely means that the timing systems are out of phase with each other.  The phase shift does not vary any more than the accuracy of the timepieces vary relative to each other, which is a very small amount.  Measure that phase shift through relatively simple arithmetic, and it is compensated for quite easily. 

Error judging the moment is also consistent, although not perfectly.  For those of us who have calculated many an E.E.T., it is still amazing that the error quite often falls within a range no greater than ±.12 seconds.  Quite often, it is less than that.  Over the length of time required for a typical run in Giant Slalom, that’s a margin of error of less than ±.25%.  For a two run combined time it is less than ±.12%.  In practice this often means a margin of .02 seconds (2/100ths) or less!  This has, historically, been an acceptable margin. 

Let’s illustrate this method, if not the actual procedure, with some simple values: 

Example of Benchmarking: 
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Using the figures in the example, it’s easy to judge whether a given backup elapsed time is greater or lesser than the primary elapsed time.  The difference is written in either the shorter-than-column or the longer-than-column.  Note that the average, identified as the compensation factor, is a very small value.  In this case it’s 1/100 of a second.  This is not unusual. 

Let’s explore an example that demonstrates how this is useful.  For a moment, let’s return to the subject of illegible handwriting.  Should one of the values recorded by the time recorder be misread, it will render an inaccurate elapsed time calculation.  That inaccuracy is very likely to place it far outside the range of values evidenced by the other comparisons, perhaps two or three times as great, or more, than any of the other greater than or less than results.  If we find such a large difference after bench marking, we can regard the value as being suspect and choose another data set (racer) to use in our calculation.  By dropping this value we will filter out the error. 

Values that fall outside of the exhibited range exhibit a high probability that they are in error.  Values that fall within the exhibited range demonstrate an equally high probability that they are valid and accurate. 

What if the error had a small order of magnitude?  Suppose that it wasn’t great enough to kick the result outside the expected range?  In this case it will be accepted as accurate and averaged in with the other values.  We can clearly see, in the example above, that a change in value within the exhibited range will have a very small effect, or no effect at all, on the averaged result.  Because the numbers are averaged together, an inaccurate value only has a 10% weight on the final result.  Since the final result is usually so small, in our example 1/100 seconds, the error introduced will be imperceptible. 

The lesson here is that we cannot absolutely control all the sources of error in backup timing.  Nevertheless, we can limit the impact of error to a very low order of magnitude.  We do this in two ways.  First, we filter extreme values out.  Second, we average a sample of values together which limits the impact, or weight, of any one value to a lower order of magnitude. 

What is the normal magnitude of the expected range?  It is different for every sample set.  If sample sets were to be charted as a frequency distribution they would exhibit unique means and standard deviations.  The expected range is closely related to the standard deviation. 

It can be shown, in most cases, that the limits of the range fall within so many standard deviations, plus or minus, from the mean.  However, it is impractical to calculate standard deviation for such a small sample set.  A sample set of fewer than thirty values is generally considered to be statistically unreliable by most statisticians.  So, once again, we are using a practical method, as we did by bench marking in the first place.  The ten values that exhibit the most consistency establish the expected range limits.  Any value that falls outside those limits is suspected to be invalid. 

In this way, by leveraging from the probabilities, we render trivial or eliminate the introduction of error. 

5.5.2 Backup Timing -- Errors of Transcription

Let’s continue with the next two failure modes, that I place in the category of errors of transcription.  To reiterate, these modes are: 

16. The hand-timer, or time-recorder, is subject to error reading the racer’s bib number. 
17. The hand-timer is subject to error when reading or verbalizing the watch display, or the time-recorder is subject to error understanding, or recording, the spoken value.
In these cases the wrong value is recorded. 

Let’s address the first example.  If a bib number is improperly recorded, the sequence of bib numbers on the recording sheet is probably discrepant with the sequence in the primary timing record.  This will become obvious to anyone calculating an E.E.T.  Discrepancies of this type should be questioned.  It is not safe to assume that the time-recorder’s sheet is in error.  Determine what the actual run order was, and ascertain what values are correctly attributable to each racer. 

Referring to the next example, it is not possible to determine with certainty that an incorrect time value has been recorded.  Furthermore, it is unlikely that a hundred or more numbers can be transcribed in this manner without error.  As we described above, errors of this kind are very likely to place the calculated result outside the exhibited range of values.  Once again, our E.E.T. procedure suggests that we drop extreme values.  Consequently, there is a very high probability that we will filter out the infrequently occurring errors of this type. 

5.5.3 Backup Timing -- Errors of Transposition

The final failure modes are ones I place in the category of errors of transposition.  To reiterate, these modes are: 

18. The time-recorder is subject to transposition error. 
19. The chief of timing and calculation is subject to transposition and calculation error.
This type of error, common whenever information is transcribed, means that something was recorded in incorrect order.  For example, the number 123 was read and the number 132 was written.  The 2 and the 3 were written out of order. 

Although common, errors of this type are infrequent.  The procedure to drop the values that fall outside the exhibited range will filter out these errors.
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5.6 Summary

We have used the model of Murphy's Law as the operative condition for timing an alpine ski race. Murphy's Law implies that there are operative root cause determinants of a system failure.  The root cause determinants of failure give us important clues as to potential circumstances that will trigger Murphy's Law.  The circumstances are called failure modes.  The determinants are categorized by the two major outcomes: a missed time or the introduction of error.  Here is a list of root cause determinants: 
  

	Root Cause Determinants of Timing Failure Modes

	1. Catastrophic failure  
     (missing a time): 
    a) Due to equipment failure: 
        · Mechanical 
        · Electrical 
     b) Due to act of God or nature: 
        · Weather 
        · Wildlife 
        · Entropy 
     c) Due to human error: 
        · Inattention or distraction 
        · Mistake or confusion 
        · Lack of proper training 
        · Abuse of equipment 
        · Racer falls and takes out equipment
	2. Introduction of error 
     (inaccuracy): 
    a) Due to equipment failure: 
        · Mechanical 
        · Electrical 
    b) Due to act of God or nature: 
        · Weather 
        · Wildlife 
        · Entropy 
     c) Due to human error: 
        · Inattention or distraction 
        · Mistake or confusion 
        · Lack of proper training 
        · Synchronization 
        · Judgment (offset) 
        · Calculation 
        · Transcription 
        · Transposition


These root causes are manifested in more specific events that we call Failure Modes.  We have derived a few failure modes from this list of root cause determinants.  For our purpose, failure mode is a term used to describe any circumstance that would yield a result deemed to be unsatisfactory.  It is unsatisfactory if a result is in error, inaccurate, or is missing. 
. 
We combined and re-listed the modes of failure we described in previous chapters.  We shortened the descriptions for convenience: 

1. Timing wire breaks. 

2. Start wand fails. 

3. Finish beam fails. 

4. Timing clock, or recording printer, fails. 

5. Timing clock operator fails to set, start, arm, or reset the clock. 

6. False start or finish events are triggered inappropriately (human error). 

7. Random start or finish event is detected (electronic anomaly). 

8. DNF  not caught by clock operator. 

9. Racer is overtaken on-course and the finish order exchange is not recognized by clock operator. 

10. The hand-timer is subject to distraction and will fail to observe or record an event. 

11. Extreme weather can kill the hand-time watch or battery. 

12. Extreme weather can render the time-recorders’ handwriting illegible. 

13. The hand-timer is subject to error judging the moment (start or finish). 

14. There is synchronization error between the electronic timer and the hand watches. 

15. There is synchronization error between the start and finish watches. 

16. The hand-timer, or time-recorder, is subject to error reading the racer’s bib number. 

17. The hand-timer is subject to error when reading or verbalizing the watch display, or the time-recorder is subject to error understanding, or recording, the spoken value (transcription error). 

18. The time-recorder is subject to transposition error. 

19. The chief of timing and calculation is subject to transposition and calculation error. 

Working from this (incomplete) list, we examined the methods that the timing and calculation chief uses to limit error or render its occurrence trivial. 

Basic timing procedures include two principal mechanisms that provide fault tolerance for the various modes of failure: 

1) A permanent record on paper of the timed events. 
2) redundancy.

All timed events are recorded.  The electronic clock includes a printing device that records all events on a continuous paper tape.  This is known as a recording tape.  All hand-times are recorded on a recording sheet. 

A backup (redundant) timing system is always utilized.  The most commonly used backup timing is hand-timing.  It utilizes continuous running time stopwatches synchronized with the primary electronic time.  Stopwatch operators are called hand?timers.  Those that write the values on recording sheets are called hand?time recorders. 

Human operators introduce error due to their inability to react with the accuracy and repeatability of a mechanical or electronic device.  This error is, however, in itself consistent.  The margin of error introduced by human operators can be measured, and we can then compensate for it.  By compensating for the margin of error, it is possible to calculate an equivalent value. 

Both primary and backup timing is subject to various modes of failure.  Therefore, both primary and backup systems are imperfect.  Nevertheless, we can rely on the timing system, as a whole.  This is because safeguards will reduce the probability for failure to a low order.  As a result, the probability that both will fail at the same time falls to an acceptable level.  Redundancy insures reliability. 

If the chance of simultaneous failure is less than 1 in 10,000 (one in ten-thousand) it is deemed sufficient for all but the highest level events.  Perhaps 1 in 1,000,000 (one in a million) would satisfy a World Cup jury.  We cannot say what an Olympic committee would demand. 

Once again, catastrophic timing failure is managed by introducing redundancy.  When great reliability is required, more redundancy is introduced.  By so doing, the chance of missing a time is reduced to an acceptable order of probability.  A sanctioned race will not be conducted without a backup timing system.  Two fairly reliable systems, operating in parallel, are many times more reliable than the most reliable system operating alone. 

The timing output is often referred to as time of day.  That term can be misleading when the timing systems are not synchronized with the actual time of day.  They rarely are; and do not need to be.  The technically correct description of the time displayed, and recorded, is continuous running time.  The terms are used interchangeably and time of day is commonly used. 

When inaccuracy is introduced, the margin of error is measured by benchmarking.  Then the average error is applied to the inaccurate result to compensate.  The result is known as an equivalent time.  Benchmarking is a process whereby a sample of values exhibiting error are compared to corresponding values free of error.  The difference between each value in a corresponding pair is calculated.  The remaining values are then averaged together.  The result is a compensation factor, also referred to as a correction factor. 

Extreme values are highly probable to be in error.  Consistent values are highly probable to be accurate.  By discarding the values that are highly extreme, we reduce the probability that erroneous values will affect the accuracy of the calculation. 

The timing system procedures employed by ski racing are carefully conceived.  Taken as a whole, they ensure accurate, reliable, fault tolerant timing and results.  The achievement of those goals can be enhanced by careful and effective training. 



