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Therm exp coeff vs temperature
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Is this adequate?

Straight Line Model
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Quality of Fitted Data
• Does the model describe the data 

adequately?

• How well does the model predict the 
response variable predictably?



Linear Regression Models
• Limit our discussion to adequacy of 

straight-line regression models



Four checks
1. Does the model look like it explains 

the data?
2. Do 95%of the residuals fall with ±2 

standard error of estimate?
3. Is the coefficient of determination 

acceptable?
4. Does the model meet the 

assumption of random errors?



Check 1: Does the model look 
like it explains the data?



Data and Model
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Check 2. Do 95%of the 
residuals fall with ±2 standard 

error of estimate?



Standard error of estimate

𝑠𝑠𝛼𝛼/𝑇𝑇 =
𝑆𝑆𝑟𝑟

𝑛𝑛 − 2

𝑆𝑆𝑟𝑟 = �
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𝑛𝑛

(𝛼𝛼𝑖𝑖 − 𝑎𝑎0 − 𝑎𝑎1𝑇𝑇𝑖𝑖)2



Standard Error of Estimate
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Standard Error of Estimate
𝑆𝑆𝑟𝑟 = 0.25283
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𝑛𝑛 − 2

=
0.25283

6 − 2

= 0.25141



Standard Error of Estimate
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Scaled Residuals

Scaled Residual =
𝛼𝛼𝑖𝑖 − 𝑎𝑎0 − 𝑎𝑎1𝑇𝑇𝑖𝑖

𝑠𝑠𝛼𝛼/𝑇𝑇

Scaled Residual =
Residual

Standard Error of Estimate

95% of the scaled residuals need 
to be in [-2,2]



Scaled Residuals

Ti αi Residual Scaled 
Residual
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3. Is the coefficient of 
determination acceptable?



Coefficient of determination
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Sum of square of residuals between 
data and mean
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Sum of square of residuals between 
observed and predicted
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Calculation of St
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Calculation of Sr
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Coefficient of determination
𝑟𝑟2 =

𝑆𝑆𝑡𝑡 − 𝑆𝑆𝑟𝑟
𝑆𝑆𝑡𝑡

=
10.783 − 0.25283

10.783

= 0.97655



Limits of Coefficient of 
Determination

𝑟𝑟2 =
𝑆𝑆𝑡𝑡 − 𝑆𝑆𝑟𝑟
𝑆𝑆𝑡𝑡

0 ≤ 𝑟𝑟2 ≤ 1



Correlation coefficient

𝑟𝑟 =
𝑆𝑆𝑡𝑡 − 𝑆𝑆𝑟𝑟
𝑆𝑆𝑡𝑡

= 0.98820

How do you know if r is positive or negative ?



What does a particular value 
of |r| mean?

0.8 to 1.0 - Very strong relationship
0.6 to 0.8 - Strong relationship
0.4 to 0.6 - Moderate relationship
0.2 to 0.4 - Weak relationship
0.0 to 0.2 - Weak or no relationship
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Final Exam Grade vs Pre-Req GPA

y = 9.8669x + 41.75; R² = 0.2227
R=0.4719

40

50

60

70

80

90

100

1 2 3 4 5

FI
na

l E
xa

m
 S

co
re

s

Pre-Requisite GPA



Redoing Check 1, 2 and 3 with 22 
data points



Check 1:Plot Model and Data
T α
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Check 2: Using Standard 
Error of Estimate
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Check 3: Using Coefficient of 
Determination



Check 4. Does the model meet 
assumption of random errors?



Model meets assumption of random 
errors

• Residuals are negative as well as 
positive

• Variation of residuals as a function of the 
independent variable is random

• Residuals follow a normal distribution

• There is no autocorrelation between the 
data points.



Are residuals negative and 
positive?
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Is variation of residuals as a 
function of independent variable 
random?
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Do the residuals follow normal 
distribution?



END



What polynomial model to choose 
if one needs to be chosen?



Which model to choose?
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𝛼𝛼 = −0.00001228𝑇𝑇2 + 0.006196𝑇𝑇 + 6.015𝛼𝛼 = 0.009387𝑇𝑇 + 6.025



Optimum Polynomial: Wrong Criterion

Both graphs are same
Left one starts at m=1 
Right one starts at m=2 
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Optimum Polynomial: Correct Criterion

Both graphs are same
Left one starts at m=1 
Right one starts at m=2
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END



Effect of an Outlier



Effect of Outlier
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		2		17		6		2		60		61.4838		2		-1.4838

		2.75		18		7		2.75		63		68.883975		2.75		-5.883975

		2		19		8		2		66		61.4838		2		4.5162

		3.25		28		9		3.25		95		73.817425		3.25		21.182575

		2.5		24		10		2.5		82		66.41725		2.5		15.58275

		4		27		11		4		91		81.2176		4		9.7824

		2.5		23		12		2.5		79		66.41725		2.5		12.58275

		2.5		23		13		2.5		79		66.41725		2.5		12.58275

		3		25		14		3		85		71.3507		3		13.6493

		2.75		13		15		2.75		48		68.883975		2.75		-20.883975

		3.25		24		16		3.25		82		73.817425		3.25		8.182575

		2.75		13		17		2.75		48		68.883975		2.75		-20.883975

		2.5		21		18		2.5		73		66.41725		2.5		6.58275

		2.5		22		19		2.5		76		66.41725		2.5		9.58275

		1.25		17		20		1.25		60		54.083625		1.25		5.916375

		3		14		21		3		51		71.3507		3		-20.3507

		1.5		19		22		1.5		66		56.55035		1.5		9.44965

		2.25		18		23		2.25		63		63.950525		2.25		-0.950525

		3.5		18		24		3.5		63		76.28415		3.5		-13.28415

		2		18		25		2		63		61.4838		2		1.5162

		3.5		27		26		3.5		91		76.28415		3.5		14.71585

		3.5		19		27		3.5		66		76.28415		3.5		-10.28415

		1.75		18		28		1.75		63		59.017075		1.75		3.982925

		2.25		14		29		2.25		51		63.950525		2.25		-12.950525

		4		20		30		4		70		81.2176		4		-11.2176

		2.25		14		31		2.25		51		63.950525		2.25		-12.950525

		4		18		32		4		63		81.2176		4		-18.2176

		3		22		33		3		76		71.3507		3		4.6493

		2		24		34		2		82		61.4838		2		20.5162

		3		19		35		3		66		71.3507		3		-5.3507

		3.5		16		36		3.5		57		76.28415		3.5		-19.28415

		2.5		12		37		2.5		45		66.41725		2.5		-21.41725

		2.25		22		38		2.25		76		63.950525		2.25		12.049475

		2.25		11		39		2.25		41		63.950525		2.25		-22.950525

		4		25		40		4		85		81.2176		4		3.7824

		3.5		16		41		3.5		57		76.28415		3.5		-19.28415

		4		31		42		4		104		81.2176		4		22.7824

		2.75		25		43		2.75		85		68.883975		2.75		16.116025

		2.5		22		44		2.5		76		66.41725		2.5		9.58275

		2.25		14		45		2.25		51		63.950525		2.25		-12.950525

		2.25		13		46		2.25		48		63.950525		2.25		-15.950525

		3		24		47		3		82		71.3507		3		10.6493

		4		29		48		4		98		81.2176		4		16.7824

		4		21		49		4		73		81.2176		4		-8.2176

		3		24		50		3		82		71.3507		3		10.6493

		3		27		51		3		91		71.3507		3		19.6493

		2.75		23		52		2.75		79		68.883975		2.75		10.116025

		4		24		53		4		82		81.2176		4		0.7824

		3		19		54		3		66		71.3507		3		-5.3507

		2		16		55		2		57		61.4838		2		-4.4838
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