Statistics for Beginners

Why do we convert values to standard scores?

Before we answer the question above, let’s lookatthe example asfollows:

e Examplel

Julie got a mark of 80 from a math class with a mean of 85 and a standard deviation of 5 and
herfriend Andrea obtained 65 from a chemistry class with a mean of 55 and a standard
deviation of 10. Canyoutell who gota “better” mark?

At firstglance, the mark 80seems like a “higher/better” mark. But, on second thought, we
mightrealizethatitis nottruebecause whetheritisa “better” mark ornot depends on the
other students’ marksin theclass aswell. It might seemweirdto saythat 65is a better mark
than 80, butitistruebecause 65 isabovetheaverage mark55 and meanwhile80is belowthe

average mark 85. Therefore, when we comparethetwo values, we need to consider the
means.

Beside means, we need to take standard deviation into account as well because standard
deviationshows how muchvariationthereis fromthe average (mean, or expected value). A
low standarddeviation indicates that the data points tend to be very close to the mean,
whereas high standard deviation indicates thatthe dataare spreadout over a large range of

values. Hereis another example with same values and means but different standard deviations
as follows:

e Example 2

Jason got 80 from a history class with a mean of 75 and a standard deviation of 2.5 and his
friend Mike obtained 80 from an English class with a mean of 75and a standard deviation of 5.
Canyou tell who gota better mark?

Both marks are 5 points above the average marks but they have different standard deviations.
In order to tell which student has abetter mark, we need toconvertthetwo marksto
standard scores with same meanpu =0 and standard deviation 0 =1 (i.e. under the same
standard condition) so that we can tell who got abetter mark. (The standard normal
distribution is a normal probabilitydistributionwith p=0and 0 =1, and thetotal areaunderits
density curveisequalto1l.) Weusetheformulaz = xa;“ to convertto values to standard

scores (zscores).
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Weusetheformulaz = =% to convertJason’s mark (x=80)to standard score (z=2) whichisa
o

positive number showing that this mark is greaterthan the average mark(zscorefor the mean
pnis0and2>0).Thegreater the positive number itis, the better markitis. UsingTable A-2, we
canfindthearea (probability) below z=2 is 0.9772 which indicates that Jason’s markis greater
than 0.9772(or97.72%) of the students’ marks inthe historyclass. The same procedure works
for Mike’s mark.
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The zscorefor Mike’s mareis 1 which is a positive number and shows that Mike’s markis
greater than the mean. Using Table A-2, thearea under z=1is 0.8413 which means that0.8413
(or 84.13%) and itindicates that Mike’s mark is greater than84.13% of the students’ marksin



the English class. By comparing Jasonand Mike’s marks (2 >1) or the corresponding percentage
belowthez scores (97.72% >84.13%), we can see thatJasonactuallygota “better” mark than
Mikedid.

In conclusion, to compare two values with different means and standard
deviations, we can convertthem to standard scores (zscores) by the formula

= ? . Positive z score shows that the value is greater than the mean and
negative z score indicates that the value islowerthan the mean. The greater the
z score is, the better the mark it is or the greater probability below the value is.

Canyou figureoutthezscoresfor Julieand Andrea’s marks andthe probabilities under the two
zscoresintheexample1? (Theanswercan befoundat “Answer Key forthe Example 1”.)



