Chapter 2, Statistics

Section 1: Percent error or percent difference:

2.
A dose calibrator gives a reading of 3.42 mCi for a radioactive source that has been calibrated 
to contain 3.10 mCi.  What is the percentage difference?



3.10 mCi – 3.42 mCi  x 100% = 10.3 %



3.10 mCi 
4.
A Cs 137 stick source is counted in a well counter each morning to determine the precision of the instrument.  On Monday a count of 1,356 cpm is obtained.  On Tuesday the counting rate is 


1,193 cpm.  What is the percent difference?


1356 cpm – 1193 cpm x 100% =  12.0 %



1356 cpm
6.
A unit dose is calibrated to contain 22.4 mCi.  The dose calibrator measures the dose at 23.7 mCi.  What is the percent error?



22.4 mCi – 23.7 mCi x 100 % = 5.8 % error



22.4 mCi 
8.
A radiopharmacy technologist has prepared 438 doses.  Seven did not meet the required dose range standards.  What is the technologist’s percent of error?




   7
     x 100 % = 1.6 % error


          438 doses

10.
Duplicate samples are prepared and counted during a blood volume test.  One sample produces 


2640 cpm and the other produce 3346 cpm.  What is the percent difference between the two samples?  



2640 cpm – 3346 cpm x 100 % = 27% difference 




2640 cpm

Section 2: Counting rate determination
Determine the counting rate in cpm for each of the following; round to the appropriate number of significant figures.

	#
	Counts
	Time
	cpm

	1
	74035
	2.0 mins
	37018 cpm

	2
	13,952
	12.0 mins
	1163 cpm

	4
	571,200 
	3.0 mins
	190400 cpm


Determine the counting rate in cps for each of the following.  Round to the appropriate number of significant figures.

	#
	Counts
	Time
	cps

	6
	9,026
	20 seconds
	451. cps

	8
	3318
	2 minutes
	28 cps

	10
	34,573
	60 seconds
	580 cps


12.
If a source provides 244,000 cpm,  how much time is needed to acquire a 30,000,000 count 
flood?






30,000,000 count flood / 244,000 cpm = 123 mins, approximately 2 hours
Section 3:  Effects of background on counts and counting rates

Calculate the net counts, then round to the appropriate number of significant figures.

	#
	Sample

Count
	Background

Count
	Net

Counts

	2
	35,457
	1,233
	34,224 cpm

	4
	7,664
	754
	6,910 cpm


Calculate the net counting rate in cpm, then round to the appropriate number of significant figures.

	#
	Sample

Count
	Background

Count
	Acquisition

Time
	Net

Counting

rate

	6
	6,996
	319
	5.0 minutes
	1,300cpm

	8
	8,153
	1,309
	10.0 minutes
	684 cpm

	10
	9,241
	597
	20.0 minutes
	432 cpm


Section 4:  Mean, median and mode

1.
Determine the mode, median and mean for the following series of numbers.

135, 137,173, 174, 174,187,192


Mean = 167; Mode= 174; Median = 174
2.
14, 27, 41, 54, 60, 60, 60, 62, 75, 86, 93


Mean = 57; Mode = 60; Median = 60
4.
57161, 57449, 57527, 60493, 60805


Mean = 58,687; Mode = 57,527; Median = 57,527
6.
A radioactive has been counted four times.  Calculate the median and mean for the values 
obtained.


10357, 10486, 10836,
11439

Mean = 10,780; Median = 10,661
Section 5:  Standard deviation of a series of values

2.
Three samples are withdrawn from a standard solution using a semi-automatic pipetting device.  What is the standard deviation if the samples provide the following counts?


13967 cpm, 14472 cpm, 14229 cpm


Mean = 13967 + 14472 + 14229 = 14223
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Calculate (value – mean) 2

(13967 – 14223)2  =  65536


(14472 – 14223)2 =  62001


(14229 – 14223)2  =       36   


Calculate the ∑ (values – mean)2:  65536 + 62001 + 36 = 127373

Calculate the SD:  SD = √127373/ (3-1) = √63687 = 252
4.
Four technologists calculated and ejection fraction from a particular patient’s images.  If they obtained the following values, what is the standard deviation?

Mean = 44.5% + 41.5 % + 43.2 % + 43.7 % = 43.3
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(44.5 - 43.3)2 = 1.6

(41.5 – 43.3)2 = 3.0

(43.2 – 43.3)2 =   0.01

(43.7 – 43.3)2 =   0.16

                  ∑ =    4.67


Mean = 43.3;      SD =
√4.67/4-1 = 1.25
6.
Five aliquots of a radioactive solution are measured in a well counter.  Calculate the standard deviation.


Mean = 18,426 + 18,691 + 17,766 + 18,443 + 18,059 = 18,277
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(18426 – 18277)2 = 22201

(18691 – 18277)2 = 171396


(17766 – 18277)2 = 261121


(18443 – 18277)2 =   27556


(18059 – 18277)2 =   47524
                            Total     = 529798


SD = √529798/5-1 = 364; Mean = 18277
 Section 6: Confidence intervals and the standard deviation of a single value
Calculate the standard deviation at the 68% level of confidence

1.
CI68%  =   √10,763 = 104


2.
CI68%  =   √24298  = 156
3.
CI68% =   √644 = 25
Calculate the standard deviation at the 95 % level of confidence:

4.
CI95%  = 2√9,768 =  198
6.
CI95%  =  2√1,864,000 =   2730
Calculate the standard deviation at the 99% level of confidence:

8.
CI99% = 3√112,500 = 1006
For each of the following calculate the range of values covered by 1SD or the 68 % confidence interval.
10.
CI68%  = 100,000 +√100,000 = 100,000 + 316  or 99684 to 100,316 counts
12.
CI68% = 4, 000 + √4,000 = 4, 000 + 63 or 3,937 to 4,063 counts


For each of the following calculate the range of values covered by 2SD or the 95% confidence interval.

14.
CI95% = 2,600 +  2√2600 = 2,600 + 102 or 2,498 to 2,702 counts
For each of the following calculate the range of values covered by 3SD or the 99% confidence interval.

16.
CI99% = 854,000 + 3 √854,000 = 854,000 + 2,772 or 851,228 to 856,772
18.
What range of values would be included at the 68% confidence interval if a sample averaged 7,882 counts?

CI68% = 7,882 + √7,882 = 7,882 + 89 = 7,793 to 7971 counts
20.
A Cs 137 stick source gives and average count of 60,629 cpm.  At the 95% confidence interval, what range of counts would be acceptable if the source is to be used for daily well-counter tests?


CI95% = 60,629 + 2√60,629 = 60,629 + 492 = 60,137 to 61,121 counts
22.
Calculate the acceptable range at the 99% confidence level for a calibration source that produces 92,537 cpm.


CI99% = 92,537 +  3√92,537 = 92,537 + 912 = 91,625 to 93,449 counts
Section 7:  Percent error or coefficient of variation for a series of values

2.
Calculate the % error for a series of values for which the mean is 2.89 and SD is 0.49.



0.49  x 100% = 17 %
 

2.89
4.
Calculate the coefficient of variation at the 68% confidence interval for a series of control samples with a mean value of 1.73 μg/dl and a standard deviation of 0.12.



0.12  x 100 % =  6.9 %
 

1.73
6.
A semi-automatic pipettor is used to prepare a series of samples that have a mean count of 10,521 cpm and a standard deviation of 236.  What is the CV68.


CV68 = 
236 x 100 % = 2.2 %


10,521
 8.
A Cs 137 stick source is counted in a well-counter each morning for quality control testing.  The CV68 is determined on a weekly basis and must be less than 10 % of the acceptable.  For a particular week the mean value is 22,952 cpm and the standard deviation is 1123.  Does the CV fall within acceptable limit?


1123 x 100 % = 4.9 %; yes, the CV is within acceptable limit
 

22952
10.
The results acquired for a control solution are compared to one another for each run during one month.  Did the assays perform at an acceptable level according to the standard of practice, if the SD is 2.51 and the mean is 28.7 ug/dl?


2.51 x100 % = 8.7 %; yes, it is within acceptable limits
 

28.7
 Section 8.  Error inherent in a single value
For each of the following calculate the %SD (% error or % uncertainty) at the 68% confidence interval.

2.
100 %/√46,500 = 0.5% SD
4.
100 % / √1,400 = 2.7 % error
For each of the following calculate the %SD (% error or % uncertainty) at the 95 % confidence interval.

6.
(2)(100 %) / √6,210 =  2.5 % error
8.
(2)(100 %) / √225,000 = 0.4 % error
For each of the following calculate the %SD (% error or % uncertainty) at the 99 % confidence interval.

10.
(3)(100 %) / √821 = 10.5 % error
12.
(3)(100%) / √23,860 = 1.9 % error
Section 9:  Determination of counts required for statistical significance.

2.
5 % = 100% / √N   

(√N) 2 = (100/5)2  =  400 counts
4
5 % = (2) (100 %) / √N             (√N) 2 = (200 / 5)2 = 1600 counts
6.
0.7 % = (2) (100 %) /√N
 (√N) 2 = (200/0.7)2 = 81, 633 counts rounded to 81600 counts
8.
1 % = (3) (100 %) / √N
(√N) 2 = (300 / 1)2 = 90,000 counts
Section 10:  Standard deviation of a counting rate.

Calculate the range of values in cpm covered by 1 standard deviation for the following counting rates.
2.
8610 counts /10 mins = 861 cpm
SD = √ (861cpm / 10) =  9 

861 cpm + 9 = 852 – 870 cpm
4.
5752 counts / 12 mins = 479 cpm
SD = √ (479 / 12) = 6 

479 cpm + 6 = 473 – 485 cpm
Calculate the range of values in cpm covered by 2 standard deviation for the following counting rates.

6.
175,377 counts / 15 mins = 11,692 cpm
2SD = 2√ (11,692 / 15) = 56 
 
11,692 cpm + 56 = 11636 – 11748 cpm
8.
12,410 counts / 3 mins = 4137 cpm
2SD = 2 √ (4,137 / 3) = 74

4137 cpm + 74 = 4063 – 4211 cpm
Calculate the range of values in cpm covered by 3 SD for the following counting rates.

10.
395,400 counts / 12 mins = 32,950 cpm
3SD = 3 √ (32,950 / 12) = 157

32950 cpm + 157 = 32,793 – 33107 cpm
12.
5260 cpm 
3SD  = 3 √ (5260 /1) = 218


5260 cpm + 218 = 5042 – 5478 cpm
Section 11.  Propagation of errors

Calculate the propagated error or combined SD in each of the following cases.
1.
Patient K.B. has a thyroid count of 850,200 cpm and thigh count (body background) of 2,570 cpm.  What is the SD of the net count?


SD = √ (850,000 cpm + 2,570 cpm)
SD = √ 852,570 cpm 

SD = 923 cpm


SD of the net count = 923 
2.
What is the SD of the net count if a sample provides 12,500 cpm and background is 480 cpm?


SD = √ (12,500 cpm + 480 cpm)
SD = 114
3.
A Schilling test sample gives 98,891 cpm with a background count of 815 cpm.  What is the standard deviation of the net count?


SD = √ (98,891 cpm + 815 cpm) = 316
4.
If a background check results in 825 cpm and a sample produces 8,384 cpm, what is the propagated error?


SD = √ (8,384 cpm + 825 cpm) = 96

6.
A sample produces 11,324 cpm.  A background count gives 1,792 cpm.  What is the SD of  the net count?


SD = √ (11,324 cpm + 1,792 cpm) = 114
