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Abstract

The results of various methods in analytical chemistry are subject to different
factors of countable number. Some of them may have insignificant, others significant
impact on the results of analysis, which will orient the specialists to make true
mdysismlhemmofpumissibiﬁtybyhnldin;lbeirnmgnimdunibeupﬁmﬂ

levels,

1. Introduction

In many applications we are interested in investigation of influence of several factors on a
#esponsc variable [2]. Here we carry out a sequence of experimenls in which we observe the
siield of the process under different atomization temperature and different levels of process time.
("he yield is assumed to be measurement of cadmium concentration by AA Analyst. Operator
iamiliar with the process certainly told us about the feasible ranges for atomization temperature
iind process time. In this example we selected two levels of temperature T: a low level of 1300
“egrees (-) and a high level of 1400 degrees (+). We also selected two levels for process time P:
| low level of 2 seconds (-) and a high level of 3 second (+). We use “-" and “+” codes to
tbbreviate the low and high values.

2. Factorial experiment in two factors

We carry out a simple factorial experiment. In a factorial experiment one investigates all
gossible factor-level combinations. Since each of two factors is studied at two levels, there is a
otal of four factor-level combinations, These combinations (in the original factor levels, as well
#s in coded units “+” and “-” for high and low levels) are listed in Table 1. We carried out eight
Lu.msssmmpﬁcamdtheexpeﬂmmome,mdwemdomizedthemderofeightmm. The yields
If the two runs at each of the four factor-level combinations, as well as their average, are listed
11 Table 2 [3].
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Yield (in ug'ml)
== Av Runl 1
__M____.,—f-——m —‘E‘!ﬁ'—am 0012
__1300degress | SRR 306 0.100
I deses |3 seconds 0.168 0.120
[1300degrees | 3 seconds 8 5
' Replicated 2* factorial experiment
Yield (in ug/ml)
pera Average Runl
Temperfis T'fu 0.006 0.012
= = 0.06 0.100
z + 0.168 0.120
+ - 0.218 0.220
Replicated 2* factorial experiment
Average yields are listed first. Yields of replicates are shown in Runl and Run2 columns
(0.168) (0218)
3
1
Time| ‘
i
2
(0.006) (0.06)
1300 Temp. 1400

We create a table; in the first column (for the first factor) we enter the sequence: “- + -
The column starts with a “-" sign, and the signs alternate each time. The second column (for
second factor) is written as “- - + +", It starts with 2 minus signs, “- -", and signs alterate
groups of two. The rows of this table give us the levels of the four runs. The first one is the on
where both factors are at their low levels; the second run is the one where the first factor is at i
high level and the second factor is at its low level; and so on. This arrangement of four runs
called standard order and 1 is useful as it gives us a simple rule for writing sown all
factor-level combinations.

Geometrically, the four factor-level combinations represent the corners of the square
Table 2.
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3. Analysis of data from two-level factorial design

The average yields at the four factor-level combinations of the 2* factorial experiment are
used to estimate the effects of the two factors on the response [2].

The average yields, depicted at the four comers of the square in Table 2, are used to
estimate the effects of temperature and process time. Figure 1 expresses the same information
graphically. There we plot yields for two levels of stomization temperature, separately for each
level of process time; observations that come from the same process time are connected.

The effect of a 100 degrees change in temperature from 1300 degrees (-) to 1400 (+) is
estimated by the difference of the yield averages at temperature 1400 and 1300. The yields at
temperature 1400 degrees are 0.06 and 0.218, and those at 1300 degrees are 0.006 and 0.168.

Graphical display of the results of the 2°2 factorial experiment
Thus, the estimated effect T of temperature is

b 0.06-;0.2]8 ! 0,006;0.168 =0.139~ 0,087 = 0.052

The estimated effect T=0.052 implies that a 100-degree temperature change from 1300 to
1400 degrees increases the yield by 0.052 ug/ml.

Similarly, the effect of P of a process time change from 2 (-) seconds to 3 (+) seconds is
estimated as the difference of the yield averages at 3 (+) and 2 (-) seconds:

P= °"63_’2'°2'3-°'°°6;°'°6=o.193-o.033=o.16

The result, P = 0.16, implies that an increase in the process time from 2 to 3 seconds
decreases the yield by 0.16 ug/ml. These effects are called the main effects [1,3].

In many cases it happens that the effect of a change in one factor depends on the level of
the other factor(s); in particular case the temperature effect may change dependent on the level of
process time. It could be that the impact of a temperature change at a process time of 2 seconds
is very different from the impact of a temperature change at a temperature change at a process
time of 3 seconds. i

We can check whether this is the case. Presence or absence of an interaction between the
factors temperature and process time can be seen from figure 1. In this graph the two yield lines,
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4. Determination of the statistical significance of estimated effects s

mmmmﬂofdwexpuimmnmnifmw&amodmmmumw“!
in the experiment; hence the experimental outcomes are subject 1o variation. As a consequence f
the estimated effects are subject to sampling variability. .
We use two experiments, carried out ate each of the four factor-level combinations. We can |
use these WO observations to calculate the standard deviation, that are given by ‘

= 1’-_%7[(0.012—0.0063’ +(0.000-0.006)°] = /0.000072

{Temp= - Time=-): §

(Temp=+; Time=-): 5, = (El_l[(o'] -0.06)" +(0.02- 0.06)’] = mﬁ

(Temp= -; Time=+): ;,-J;'Tl-[(o.u-o_m):+(o_215_°_m)=]_m

Clamgeet o e O ﬁ—l_jl(“l?ﬂ-ﬂilsl’ +(0215-0218)*] = V0.000013

This yields the pooled estimate
S s = (0.000072 +0.0032 +0.004513 + 0.000013)/4 = J0.016726/4 = 0.044
and the standard error of each estimated effect
[i5il
StdDev(effect) = (0.(:44)‘!(—zﬁﬁ =0.031
Agpmhmtc%%mnﬁdummm&rthceffwsmobuinedhyaddiugm

_sublra.c‘lms' (2)(0.031)=0.062 from the estimates. The TxP interaction effect (which was -0,004)
is not statistically significant. This is because the interval -0.00410.062, or (-0.066, 0.058),
includes 0. Thus there is at most, very minor interaction between atomization temperature and
process time. The absence of any appreciable interaction is also evident from the interaction plot
in figure 1, the two lines at that graph are almost parallel [1].

_ _Amongmc main effects (0.052 for temperature and 0.16 for process time) only the process
time is larger than two standard errors. Thus there is considerable evidence lhm{hisechctis
larger than zero. This factor influences the yield of the process.
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