Accuracy and Precision in Measuring Water Density
Exercise 1-1
Introduction
Accuracy and Precision (From Wikipedia)
In the fields of science, engineering, industry and statistics, accuracy is the degree of conformity of a measured or calculated quantity to its actual (true) value. Accuracy is closely related to precision, also called reproducibility or repeatability, the degree to which further measurements or calculations show the same or similar results. The results of calculations or a measurement can be accurate but not precise; precise but not accurate; neither; or both. A result is called valid if it is both accurate and precise.

Accuracy vs precision - the target analogy 
Accuracy is the degree of veracity while precision is the degree of reproducibility. The analogy used here to explain the difference between accuracy and precision is the target comparison. In this analogy, repeated measurements are compared to arrows that are fired at a target. Accuracy describes the closeness of arrows to the bullseye at the target center. Arrows that strike closer to the bullseye are considered more accurate. The closer a system's measurements to the accepted value, the more accurate the system is considered to be.

	



High accuracy, but low precision
	


High precision, but low accuracy


To continue the analogy, if a large number of arrows are fired, precision would be the size of the arrow cluster. (When only one arrow is fired, precision is the size of the cluster one would expect if this were repeated many times under the same conditions.) When all arrows are grouped tightly together, the cluster is considered precise since they all struck close to the same spot, if not necessarily near the bullseye. The measurements are precise, though not necessarily accurate.

Further example, if a measuring rod is supposed to be ten yards long but is only 9 yards, 35 inch measurements can be precise but inaccurate. The measuring rod will give consistently similar results but the results will be consistently wrong.

However, it is not possible to reliably achieve accuracy in individual measurements without precision — if the arrows are not grouped close to one another, they cannot all be close to the bullseye. (Their average position might be an accurate estimation of the bullseye, but the individual arrows are inaccurate.) 
Density (From Wikipedia)

In physics, density is mass m per unit volume V. For the common case of a homogeneous substance, it is expressed as:
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where, in SI units:

ρ (rho) is the density of the substance, measured in kg·m-3
m is the mass of the substance, measured in kg
V is the volume of the substance, measured in m3
Density of Water (From Geotechnical, Rock and Water Resources Library)

To examine the density of water and how it varies with temperature and the amount of materials dissolved in it. Relative density is also examined.
The weight density of a material is the weight of a given volume unit of the material divided by that volume unit. An example is that a 1 cubic foot volume of water weighs 62.4 pounds. The density of water is then 62.4 pounds per cubic foot. 

The density of water varies with the amount of material that is dissolved in it. As more material is dissolved in 1 gallon of water then that gallon will weigh more (the total weight is equal to the weight of the water plus the weight of the material dissolved in it). The density is the weight of the gallon divided by 1 gallon. Since the weight of the gallon of water with material dissolved in it weighs more that pure water then the density of the solution also increases from that of pure water. 

The density of water also varies with temperature. The maximum density occurs slightly above freezing. The density of water then goes down for temperatures greater than or lower than 4 degrees C. This is good for us in that lakes do not freeze solid in the winter killing all life in them. 
Measuring the Density of Water

a. 
Weigh an empty 100 ml graduated cylinder to the nearest tenth of a gram on a balance.

b. 
Fill the cylinder with 100 ml of water and weigh it again.

c. 
Subtract the weight of the empty cylinder from the weight of the cylinder filled with tap water. The difference is the weight of 100 ml of water.

Weight of cylinder and water 
grams
Weight of empty cylinder 
grams

Weight of 100 ml of water 
grams

d. 
Compute the density of water by dividing the weight of the tap water by 100 ml. This is your data value.
Density of water 
grams/milliliter
Measuring the Temperature of your water in degrees Centigrade
a. 
Use a centigrade thermometer to measure the temperature of the water in your graduated cylinder.

Water Temperature
  
°C

Accuracy

The accuracy of a particular data point relative to an accepted value is measured by the error.  There are two commonly used methods for expressing the accuracy.  They are:
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and
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Look up the density of water listed in Table 2 below for the temperature you measured. This is the accepted value. Record this value in the space provided.

Accepted Value _______________________ g/ml (From Chart)
Assuming that it is the accepted value for the density, calculate and record the absolute error and percent error of your measurement into Table1 below.

Table 1
Data of Sample:

	Density
(Data Value)

(g/ml)
	Absolute Error (g/ml)
	Percent Error (%)

	
	
	


Show your work:

Table 2. Density of Pure Water (g/cm3) at Temperatures from 0°C to 30.9°C by 0.1°C increments
To use the table below, run down the left column for whole degrees then move across for tenths of a degree. For example, the row/column shaded in yellow shows the density of pure water at 17.7°C = 0.998650 grams/cm3

	
	0.0
	0.1
	0.2
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8
	0.9

	0
	0.999841
	0.999847
	0.999854
	0.999860
	0.999866
	0.999872
	0.999878
	0.999884
	0.999889
	0.999895

	1
	0.999900
	0.999905
	0.999909
	0.999914
	0.999918
	0.999923
	0.999927
	0.999930
	0.999934
	0.999938

	2
	0.999941
	0.999944
	0.999947
	0.999950
	0.999953
	0.999955
	0.999958
	0.999960
	0.999962
	0.999964

	3
	0.999965
	0.999967
	0.999968
	0.999969
	0.999970
	0.999971
	0.999972
	0.999972
	0.999973
	0.999973

	4
	0.999973
	0.999973
	0.999973
	0.999972
	0.999972
	0.999972
	0.999970
	0.999969
	0.999968
	0.999966

	5
	0.999965
	0.999963
	0.999961
	0.999959
	0.999957
	0.999955
	0.999952
	0.999950
	0.999947
	0.999944

	6
	0.999941
	0.999938
	0.999935
	0.999931
	0.999927
	0.999924
	0.999920
	0.999916
	0.999911
	0.999907

	7
	0.999902
	0.999898
	0.999893
	0.999888
	0.999883
	0.999877
	0.999872
	0.999866
	0.999861
	0.999855

	8
	0.999849
	0.999843
	0.999837
	0.999830
	0.999824
	0.999817
	0.999810
	0.999803
	0.999796
	0.999789

	9
	0.999781
	0.999774
	0.999766
	0.999758
	0.999751
	0.999742
	0.999734
	0.999726
	0.999717
	0.999709

	10
	0.999700
	0.999691
	0.999682
	0.999673
	0.999664
	0.999654
	0.999645
	0.999635
	0.999625
	0.999615

	11
	0.999605
	0.999595
	0.999585
	0.999574
	0.999564
	0.999553
	0.999542
	0.999531
	0.999520
	0.999509

	12
	0.999498
	0.999486
	0.999475
	0.999463
	0.999451
	0.999439
	0.999427
	0.999415
	0.999402
	0.999390

	13
	0.999377
	0.999364
	0.999352
	0.999339
	0.999326
	0.999312
	0.999299
	0.999285
	0.999272
	0.999258

	14
	0.999244
	0.999230
	0.999216
	0.999202
	0.999188
	0.999173
	0.999159
	0.999144
	0.999129
	0.999114

	15
	0.999099
	0.999084
	0.999069
	0.999054
	0.999038
	0.999023
	0.999007
	0.998991
	0.998975
	0.998959

	16
	0.998943
	0.998926
	0.998910
	0.998893
	0.998877
	0.998860
	0.998843
	0.998826
	0.998809
	0.998792

	17
	0.998774
	0.998757
	0.998739
	0.998722
	0.998704
	0.998686
	0.998668
	0.998650
	0.998632
	0.998613

	18
	0.998595
	0.998576
	0.998558
	0.998539
	0.998520
	0.998501
	0.998482
	0.998463
	0.998444
	0.998424

	19
	0.998405
	0.998385
	0.998365
	0.998345
	0.998325
	0.998305
	0.998285
	0.998265
	0.998244
	0.998224

	20
	0.998203
	0.998183
	0.998162
	0.998141
	0.998120
	0.998099
	0.998078
	0.998056
	0.998035
	0.998013

	21
	0.997992
	0.997970
	0.997948
	0.997926
	0.997904
	0.997882
	0.997860
	0.997837
	0.997815
	0.997792

	22
	0.997770
	0.997747
	0.997724
	0.997701
	0.997678
	0.997655
	0.997632
	0.997608
	0.997585
	0.997561

	23
	0.997538
	0.997514
	0.997490
	0.997466
	0.997442
	0.997418
	0.997394
	0.997369
	0.997345
	0.997320

	24
	0.997296
	0.997271
	0.997246
	0.997221
	0.997196
	0.997171
	0.997146
	0.997120
	0.997095
	0.997069

	25
	0.997044
	0.997018
	0.996992
	0.996967
	0.996941
	0.996914
	0.996888
	0.996862
	0.996836
	0.996809

	26
	0.996783
	0.996756
	0.996729
	0.996703
	0.996676
	0.996649
	0.996621
	0.996594
	0.996567
	0.996540

	27
	0.996512
	0.996485
	0.996457
	0.996429
	0.996401
	0.996373
	0.996345
	0.996317
	0.996289
	0.996261

	28
	0.996232
	0.996204
	0.996175
	0.996147
	0.996118
	0.996089
	0.996060
	0.996031
	0.996002
	0.995973

	29
	0.995944
	0.995914
	0.995885
	0.995855
	0.995826
	0.995796
	0.995766
	0.995736
	0.995706
	0.995676

	30
	0.995646
	0.995616
	0.995586
	0.995555
	0.995525
	0.995494
	0.995464
	0.995433
	0.995402
	0.995371


Typical Value

The average value for a data set (collection of measurements or values) is the “typical” value for a data set. The Mean is the most probable value for a data set.  In scientific analyses, the mean or average is the “typical” value most cited.  It is calculated by:
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 symbol means to sum up the N terms, N = 12 in this case, within the data set.  

Calculate the mean values for the density abs error and % error and record the results in Table 3.

Table 3
Class Data Set:

	
	Density 

(Data Value) (g/ml)
	Absolute Error (g/ml)
	Percent Error 

(%)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	

	11
	
	
	

	12
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Precision

A measure of how consistent the data within a set are relative to each other, the precision of the data set, is given by the standard deviation.  The standard deviation of a data set is calculated by the following method:
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The first formula is used if the data set has 10 or more measurements.  The formula on the right is used if the data set contains less then 10 measurements.  Calculate the standard deviation of the density measurements in Table 5 below, assuming that the accepted value, , is the mean value of the densities from Table 4 above.

Table 5
Standard Deviation calculations for the mass data set

	Xi   Density 
(Data Value) (g/ml)
	 (  – Xi )
	( – Xi )2

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Sum of Squares
	

	Sum of Squares/N
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The “typical value” of the measurements expressed with the data set’s precision is given by density = mean g/ml 
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 standard deviation g/ml:

Density = __________ g/ml 
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 __________ g/ml
Study Questions
1. What was the average % Error? 

2. How accurate were our density measurements?

3. What was the standard deviation?

4. What factors may have contributed to this degree of accuracy?

5. How precise were your density measurements?

6. What factors may have contributed to this degree of precision?
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