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EMPLOYING INFERENTIAL STATISTICAL METHODS
FOR DETERMINING RELIABILITY AND APPLICABILITY OF
EXPERIMENTAL DATA: AN EMPERICAL ANALYSIS

G COOGUENOFOR' and B. C. UDLEITE
"Department of Chemical Ungineering, Nnamdi Azikiwe University, Awkn, [i-
. mailogucjioforg@iyahoo.com
Department of Chemical ngineering, Enugu Siate University of Science and Technology.,
Enugu. Email;be_udeh@yahoo.com

ABSTRACT

tests of hypotheses using the riest critevion were wndertuken to determine the reliahility nf
the data from three thermometers, electronie, aleohol-im-glays, and et vfi-grlosys
cmployed for temperature measurencnts in a pipe heat loss experiment. The tfest resulis
- Showed that stapistivally there was no significant difference hetween the data from electronic
ated nereury-in-glass thermometers; i there was o stenificant difference botween the
temperatttre from electronic and aleohol-insgluss thermameters, Therefore, the temperaturcs
Jrow the aleohol-in-glass thermometer are rejected, while the temperanires eaphuved by e
electronie thermometer were used for heat lusses compiitations. Another test of hvputhesis
was caried out wsing the F-iest eriterion which deterained the equiality af the means af the
temperatures fionr lank oxit, ek entry and toom enviromment, The Ffost showed that the
means of those three temperatures were wnequal. This suggesied that their applicabiity to
the evaludtions of hear fosses would not preduce tnvalid/zera guantity of heat,

Keywords: inferential-statistical  methods,  eleetronie  thermometer, merenry-i-gliss
~ thermometer, aleohol-in-glass thermometer, hypotheses tests, empirical

analysis,
INTRODUCTION '
All over the world, the results of  mmdom  error. Systematic  error  miay

measurements from empirieal experiments  oviginate from incorreet instrument design
arc influgneed by the limivions inherent in or  manufacture, or  from  inappropriate
the instruments used.  Examples, if an instrument  calibration, or  from ‘use of
experimenter uses  different  instruments  unsuitable method of measurement. On the
from different manofacturers, it may be  other hand. the second type of instrument
noticed (hal the instruments indieate varying — ervor emanate from the difficulty of exact
readings for the same parameler of interest.  repetition of  the measuring  procedure,
The varying readings are outcomes of the  Liven if the acquire skill and regular practice
limitations inherent in the instruments used. ol the experimenter, or the use of computer
The dimutations  inherent in measuring  for empirical data caplure, ean minimize
instruments are souraes ol instrument error. random error, it may not be completely
eliminated.

Assuming that no error origmale: from (he

exparimenter  then ol the  wrrors  from In view ol these,  conziderations  (or
empirical measurements will be imstrument-— relhability and applicability of experimental
basedd,  However, instrument-based errors  data ¢an be drawn from inferential statistics,
are beyond the contral of the experimenter.  Peters und Timmerhaus (1981)'] explaing
[nterestingly, there are two known 1ypes of  the application of statistical tests for the
instruments’ crror, gystematic crror and  treatment of experimental data. Sume of the

b1y
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statisticul tests are t-test, chi-square test and
F-test, all of which invalve decision
making,  And decision making when
reliability is the crucial factor follows a
scientific process and model. This paper
will exploit:
%  The t-test in making the decision for
reliability of experimental data
% The F-test in making the decision
for applicability of experimental
data.

Ta this end, the empirical case study centres
on the use of three types of thermomelers,
. electronie, mercury-in-gluss, and alcohol-in-
glass thermometers, for the experimental
investigation of heat transfer trodes, in a
pipe bearing hot circulating water, drawn
from a heated sump 1nk by a current=driven
centrifugal pump. From statistical methods,
the reliability of the thermometer
measurements is determined by the -
statistic, while the precision of the
thermometer readings is measured by the
standard deviation.  For six different
degrees of valve openings the tank exit and
inlet temperatures are recorded using the
electronic, alcohol-in-glass and mercury-in-
glass thermometers, respectively. The six
abservations(n) obtained from each of the
three thermometers at varying degrees of
valve openings are conspicuously different
from euch other: Consequently, the choice
of the thermometer readings will therefore
be based not on personal feelings but on the
results of the inferential statistical analysis

involving hypotheses tests for reliability and’

applicubility of the various thermometer
measurements.

5
’

t = (%= % )=0 =
53+ 8-
1] 1F]

alb

OGUEIOFOR and UDEH

The aim of the research hypotheses is to
make a decision as to whether to uphold or
reject the eguality of the means of the
readings obtained from the three different
thermometers. In this regard, two different
hypotheses  are formulated,  The first
hypothesis is:
Hy pa ™ f

Hi: B #F o

where the symbols are defined in the
Notation Section. '
The ti-test criterion which provides the
methad for comparing two means will be:
applied,
The second hypothesis is:
Hot Mot = Hwt ™ M«

Hie e # pa F e

where the symbols are defined in the
Notation Section,

The F-test madel which permits  the
compatison of iwo or means by the
technique of variance analysis will be
employed

Hypothesis tests are decision masing tests
which follow a scientifie process and mod.l
in determining the acceptance or rejection
of measured data, The result of the test mnay
be truc in which case the hypothesis 15
accepted as valid, or false in which vase the
hypothesis is rejected as being iny alid. The
statistical tools which will be employed for
the test of hypothesis are the t-test and F-
test eriteria, '

The t-test equation for a two-sample test for
means (where n< 30) takes the form, Peters
and Timmerhaus (1981)" and Nwabuokei
(1986)°

. . 5 (1)
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EXPERIMENTAL
Hypotheses tesis follow a well defined
scientific procedure and model,

OGUENOFOR and UDEH

glass thermometers on one hand, and
electronic and mercury=in-glass
thermometers on the other hand, will be

wher A two-tailed test of the difference between  carried out using t-distribution. The step-by-
the two means from the sets of data  step procedure presented by Nwabuokel
obtained from electronic and alcohol-in- (1986)* was adopted as follows:
;Iﬁh:: Stepl: The aull  and  alternative  Steps 3: The number of degrees of
hypotheses were Hyo pa = freedom was determined from
mear meaning  there  was  Hu the formulad. f. = n; +nr-2.
data. sighificant  difference in  the  The critical values, t,; for = degrees of
samp averages of the measurements freedom which corresponded to
recorded with electronic and the level of significance was
alcohal-in-glass  thermometers oblained from the table.
on one hand, and electronic and  Step 4: The sample statistic X, and Xy
mercury-In-glass  thermometers 5, and S 8, are compuled using
on the other hand (i.e equality of equations (3), (4) and (2).
means).Hy: e Ly meaning  Step5: The test statistic was computed
that there was a significant - by upplying equation(l)
difference in the averages of the Stepd: The value of the test statistic &,
All © measurements  recorded  with obtained in step 5 wis compu_red
Nota electronic and aleohol-in-glass with the eritical value read from
thermometers on one hand, and table in step 3.
electronic and mercury-in-glass ~ Step7: Deeision  was  taken  on Lt
The | thermometers on the other hand eriterlon; reject Hy if 0 . Fp
sland (i.e inequality of means), or if 1 - t o otherwlse acoep!
Steps 2:  The level of significance was H,
stated = 0.03.
Another statistical analysis undertaken — more means by a stistical technique
wher involved testing of the difference among the  known a5 the analysis of variance
temperatures, Fo, T and Te drawn from  (ANOVA). Nwabuokei (1986)!
the electronic thermometer recordings. The  summarized the steps for one-way analysis
F- test was applied because it provided the of variance for the cuse of equal sample
procedure fot testing the equality of three o sizes as follows.
Step 4:  Random samples of equal size (1)
Stepl: The null  and alternative = py =ny = r) were drawn fron
Betw hvpotheses were stated, each of k normal populations.
withi Hu: pi =72t 1 = 1 Step 5: SST  and SS5B  were
Hipy . compuicd; and SSWwas
SST Step 2:  The significance level was chosen determined Jrom
to be = Q.05 SSW =557 - 538
Step 31 The Fevalue with (k -1) und kir-1)  Step 6: The ANQVA table was
degrees of freedom was read off constructed and the F- ratio =
Jrom the F-table in Appendix C. MBEB/MEW was found.
This was the critical value of the :
fest.
621
Alli
defined in the Motation Seclion. inte usetul  components  which  provide

The F-test cnlenon 15 known as Analyzis of

variances (ANOVA). Nwabuokei (1981)°
defines ANOWA ag a statistical technique of

means of measunng different sources of
Variation.
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The F-rutle and the Fvalue were
compared and a declsion itaken.

Step 7:

The null hypothesis was refected if

Feratio . F-value (k=1), kir=i),
utherwise, {t was aeeepted.

RESULTS AND DISCUSSION

The temperature measurements obtuined
from the experiments were analysed for
both the t-test and F-test by following the
step by step procedures outlined in the
previous seclior.

The two-tailed test of the difference
between twao temperature means
abtained/recorded  from electronic  and

alcohol-in-glass thermometers, using the t-
distribution was performed as follows. The
average temperaturcs recorded by the
electronic and alcohol-in-glass
thermometers were represented by Wy and g
respectively, The performance of the 1est
and the decision obtained were outlined
below,

(i) Hol py = 1z

Hip £ 12

Level of significance, ¢ = 0.05
Since ny = 6, and n: = 6, the number
of degrees of freedom was d. f. = n
+;—2=6+6~2=10. From the
t-distribution  table, the critical
values, oy for 10 depress of
freedom were typsn = £ 2.228

From Appendices 1 and LI the
samph; meuns were, X, = 72,75 and
X2 < 67.22; and the samplu
qtandard dewatmns were, §° =
1.065 and §;° = 0.6014. and the
pooled estimated standard deviation
was, 5, = 0.7488,

(v) The test statistic was egn(}) for t-
distribution

(i)
(iii)

(iy)

—

e (X, - X)-0
1 3 +Eﬂ3
fy I;

Suhsmuting in tothe equminn

t= (72,75 -67.22)-0Q
\l 01488 +0.2488
= 553
.50
\/ 0.1248 +0.1248
t= 11.06
(viy  The value of the test statistic

computed was compared with the
critical value obtained from the
table, e t=11.06 > to.p5: = * 2,228
Decigion: H, was rejected and H
was accepted, and it was concluded
that there was a signifieant
difference between the average

vii)

temperatures  recorded by the
electronic and  alcohol-in-glass
thermometers.

Another two-tailed test of the difference
between two  average temperature ()
obtained from the electronic thermometer,
and the average temperature, (Wa) recorded
from the mercury-in-glass thermometer
using the tdlqmbutlon waus performed as
follows.
(i) Hyt = pa
Hy i # pa —
(. a=0.05
(i) The critical valucs, typ: for 10
degrees of freedom was obtained
from the t-distribution at Mason et
al(1999)", to gy = + 2,228
iv) From Appendix I, the sample means
were, X, = 72,75 and X, = 72.42,
From Appendix 1, the sample
standard deviations were 53 =
1.1358 and 5 = Q.4847; and the
pooled  estimate  of  standard
deviation was, 5,2 = 0.8103

i ekl
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Table 1: One-way Analysis of Varkuce

Source of f Sum af I]ngru:s“nl' " Mean ] F-ratin
____Vauriation Csyuares{xs) | Freedom (d) | Squares{ms) o
Pretween groups S50 - 66780 | df -2 MY = 333007 Foratin=MSE

S
=~ 133907
Wikl s SEW= 1R dfy ~ 15 MASW = (L 732 1732
~ 436157

Total | SST=66K9.11

17 - -

O — ) e

(viig  The F-ratin and fhe Fevalue were
comparel.

Ferptin = 456157 = Feovalue =
168
Brecisinn: The null Bypothesis that
fine =t = prowps repecied. [
was  concluded (ke there e
sigmlican differenees among  the
avesape lemperature reconds of Ty,
Ton tml T,
CONCLUSHN

Inferentinl Statistics provades e tools and
meilids Tor decision making that is void of
the experimenter’s feeling and bias.  This
siwly cxpleited the ols and methods of
Inferendial Statistics in making a chaice
awmg (e readings  oblamed  from
clectronic, aleohol-n-glass and mercury-in-
phiss thermuaneiers.

The decision from the i-lesl for electrimic
versus aleohol-in-glass thermometers is hat
there exists a sipmficant different between
e meun femperilores recorded by these
theerwnciors. (O dhe odher hand, the
decision [rom e -lest Gor electronic versus
mercury-in-glass thermemeters is that the
mwans of the tempecatures  weasured by
these thermometers are eyual.  Dased on

these reliahility results, it is concluded ol
the  alcohol-in-glass  thermometer s
wnrchishbe and therefore unsuitahle for the
empirical investigation camied oul,

Afier the decision from the F-test result
proves that the significant dilTerences in the
temperatures of Ty, Toy and T, are nal
chance occurrence. I this repard. these
lempersures  are  suitabie  and  therefore
applicable for the empincal study execuled.
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T, Temjpera
X
X3
Hy
APPENDICES

DATA COMPUTATIONS FOR STATISTICAL ANALYSIS

Appendix [: Computations of Sample Statistic X,sX; and

X, for Electronic, Alcoholin-Glass and Mercury-in-Glass
Thermometers.
Degree of Tyi: records from Tus: records from Tas: records (rom
valve opening electronic aleohol-in-glass mercury-in-glass
thermometer, thermometer, (X2} thermometer, (X;)
(X :
o0 733 680 730
75 730 66.5 730
&0 738 67.8 732
45 0.7 68.0 TL.3
30 72.1 66.0 719
15 71,6 67.0 721
Ex 436.5 403.3 4345
- 7275 67.22 72.42
Xi=2x
M
ey =T275 R:=67.22 Ry=7242
Eqns (3} and (4) are applied.

Eqn (3% X = Zx ; where n, = 5 and ny=6
n

Eqn(4): §=| Zx=xV .
n

Appendix 11: Computations of Sample Statistlc, 5, and 5;; and S,' For Electrenic and
Aleohol-in-Glass Thermometers

Ke=X7) (X-x] Xz K Xg)h XX

!;J;'; ﬂs 0.3025 680 0.78 0.6084
73.0 0.25 0.025 66.5 0.72 0.5184
718 1.05 1.1025 67.8 0.58 0.3364
70.7 -2.05 4.2025 68.0 0.78 0.6084
72.1 -0.65 0.4225 66.0 -1.22 14884
716 0.85 0.7225 67.0 .22 0.0484

Tk~ ¥ 6.8150 Bluy- ) 3.6084
g, = [R50 = 1.0658 S;= 3.6084 - 0.6014

] ~ &

RAR
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Eqn{2): §,0 = {n, - 11(S,")+ {ng - 1} (87}
fy + - 2
Substituting

Sp* = (6 — 1) { OGS + (6-1) (0.6014)
Gxo-2

514{1 + {51 {0
10

= 506795 x 1.9045
)]

= 5, = 0.7488

OGLUEMOFOR and LDEH

Appendix T1I; Computations of Sample Statistic, S, and 5,; and $, for Electronic and

Mercury-in-Glass Thermometers.

(X} (X-Xp) (X5 Xy (X3 XX
733 0.55 0.3025 73.0 0.58 0.3364
730 0.25 0.0625 73.0 .58 0.3364
738 1.05 1.1025 732 0.78 06434
70,7 -2.05 42025 713 -1.12 1.2544
721 -0.65 0.4225 719 0.52 0.2704
73.6 0.85 0.7225 72.1 40.32 0.1024

Z(xxi)’ 68150 E(xs - %) (29984 |
$7= Ty T 8. = Tixy - ¥

n n
§7 = 6.8150=1.1358 5,0 = 29084 = 0.4847
& 6

Eqn(2) S, = (o= DS+ (03 - 1} (Sy)

. My Xnz—2

= 6 = 1111358} + (6 — 1) (0.4847
Grb-2

L1358) + 4847
10

= £ 679 +2,4235
10
51 = 08103

627
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Appendix 1V: Computations of Sample Statistic, X, X;, X; and X.

And Applicabilizy...

n

ny

N Ty Tha Ta
B ()] {xi (X2} {xiz)
1 75.0 73.3 330
2 74.8 73.0 33.2
3 75.4 738 33.2
4 73.1 70.7 33.0
5 75.1 72.1 3209
6 74.8 73.6 12,
Total Tx, = 448.2 Ex; = 436.5 Ixg=  197.4
Sample mean = Ix,; = 74.70 * = Ixg=72.75 | %= Ex =329

13

=
X=17470+7275+329 = §0.12

3

Appendix V: Computations of 88T, SSB, 58W, MSB, M5W and F-ratio
Section 1: Computation of S§T

Eqn(8): S8T = ¥ ¥,
i

- I
rk

J
where X = all the observations in Table 7.6 starting from X |, 16 x4

T

r

=

= Exi + Zag + Lxy = overall tota observations
4482 +436.5 + 197.4 = {(R2.]
Oiandk=3

SST = (75.0)" + (74.8)" + (75.4) + (73,1 + (75.1)" + (74.8)
+(73.3)7 + (73.0)" + (73.8)7 + (70,77 + (73.6) +(72.1)
+(33.00 + (33.2) + (33.2) + (33.0)" + (32.9)2 + (32,17

- (1082,
6x3

5625+ 559504 + 5685.16 + 5343.61 + 5640.01 + 5595.04
537289 + 5329 + 5446.44 + 499%,49 + 519841 + 5416.96
1089 + 110224 + 1102,24 + 1089 + 1082

85T =
+

+

S5T = 71,741.38 — 65,052.25 = 6689.10

628

A1+1030.41
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Section 2; C.nmpumtinn of 55B.
Eqn(9):88B = ¥T7 - T?
' ] rk

r

Substituting into eqn (9)
SSB = (448.2)° + (436,5)* + (197.4)* - (10BZ.1)
3] ) 6x3

SSB = 200,883.24 + 190,532.25 + 38,966,76 — 65,052.25
6
553 =6678.13

Sectlon 3: Computation of S5W
S5W = S8T - 58B: Eqn (10)
Substituting into eqn (10)

S8W =~ 6689.10 — 6678.13

S5W = 10.98.
tion 4: Co n of Med ris and F-
Egn (6): MSB = 55B
k-1
Subsututmg into eqn (6),
6678.13 = 3339 07

3-1

Eqn (7): $8W = MSW
kir-1)
Substituting into eqn (7),
MEW = 1098 = 0.732
3(6=1)

Eqn (5): F-ratio = M33
MSW
Substituting into eqn (5),

F-ratio = 3339.07 = 456].57
0.732

629



