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Background

2. Analysis of Variance (ANOVA)

Figure 3. Interval Plot

Suppose you perform a study evaluating three products at two times, 5 minutes : : : )
and 6 hours, = 3. and these data (C4) result Taklng.the anaI.yS|s forward, we dg a formal study, using a Two-factor Interval Plot of C4
Analysis of Variapce. The model is: s 95% CI for the Mean
Data Display y = A+B+AXB)+e ~0910 reductions
Row C1 C2 c4 Row C1 C2 c4 where: sle — T
1 A 1 6.54324 10 B 2 7.35884 T - )
2 A ! 7.03434 11 B 2 7.42164 yA_: ﬁg&our:[g lfA\Ctlgnzr c 1 ¥
3 A 1 6.86854 12 B 2 7.45944 , o , , _ _ _ 7.5 T 1
1 A ) 7 79174 13 c 1 7 30404 B = Times (1, if Baseline minus 5 minutes; 2, if Baseline minus 6 hours) © T
5 A 2 7.79534 14 C 1 7.30694 (A x B) = Interaction term
6 A 2 7.86174 15 C 1 7.25204 e = Error term 3  7o0d
7 B 1 6.89144 16 C 2 7.61524 Table 1 presents the ANOVA. & @
8 B 1 6.79934 17 C 2 7.83714
9 B 1 6.83344 18 C 2 7.76224 Table 1. ANOVA
Table Legend: Factor Type Levels Values 6.5
C1 = Product C2=Time C1 (Product) fixed 3 1,2,3
A = Product A 1, if Baseline minus 5 minutes : :
B = Product B 2, if Baseline minus 6 hours C2 (Time) fixed 2 12 6.0
C = Product C Analysis of Variance for C4, using Adjusted Sum of Squares for Tests s l l l l l l
C4 = Log,, bacterial reductions Time 5m 6h 5m 6h 5m 6h
, , Source Degrees Sequential Sum of Adjusted Adjusted F P2 Significant/Not Product A C
Too frequently, data such those presented in this table are evaluated by of Squares Sum of Mean Significant? o °
comparing simple mean reductions. However, the use of a complete Freedom Squares Square .
o 1 . 1 (Product 2 0.45538 0.45538 0.22769  15.84  0.000  Significant i i i
statistical package allows the researcher to utilize the full potential of the o1 (Product onean Figure 3 presents the 95% confidence intervals on the data means.
data The f0||OW|ng methods represent a typ|Ca| Sta’us’uca' package C2 (Time) 1 1.98609 1.98609 1.98609 138.16  0.000 Significant NOtICG that the data fOF PrOdUCt A ShOW mUCh Varlabl|lty at the 5'm|nute
Perform the statistical analysis: C1xC2 2 0.23310 0.23310  0.11655  8.11  0.006  Significant time point. The reductions seem to go from a low for Product A to Product
Product x Ti i i ithi i
There are two ways to look at these data: (Erzruc x Time) . . oot B, with Product C being more successful W|.th|r? S minutes. A larger
1. Analysis of Means (for those with little statistical experience) | | | sample, 5 - 8, would help to reduce the.varlab|l|ty. All products
2. Analysis of Variance (for those with statistical experience) Total 17 2.84707 performed better at 6 hours than at 5 minutes.
s=0.120 R - Sq(adj) = 91.42%

1 L Ana|ySiS Of Means (ANOM) 1 Fis the Adjusted Mean Square value for the three tests for Source divided by Adjusted Mean

Square value for Error.
DESCRIPTIVE STATISTICS 2 The probability of this situation occurring is P. ais setat 0.05, so the three Pvalues are significant.
|Results for C1= 1 (Product A) | 3 Significant/Not Significant at 0.05. If the P value is less than or equal to 0.05, the test is significant.

Figure 4 is another study that used 7 samples per product. Product A did
better at 6 hours, but at 5 minutes, was significantly less than at 6 hours.
Product B did the same as Product A at 5 minutes, but significantly less at

Variable c2 N Mean StDev If the P value is greater than 0.05, it is not significant. All these were significant, but we 6 hours, but more than at 5 minutes. Product C produced the same Kill
5 min. 1 3 6.815 0.250 concentrated on the interaction displayed in Figure 2. rates at 5 minutes and at 6 hours. Product C performed the best.
2 7.92 07 “f: . : :
-~ for6ch1°=”r23(PmductB) ’ 92 00700 Both the parameters were “fixed,” that is, pre-determined. The Mean Square Error
Variable c2 N Mean StDev (MSE) was 0.014.38, which is low, yleldlng. a standard dewghqq of 0.120. The Figure 4 Interval Plot
5 min. 1 3 6.8414 0.0466 Rz(adj) was very high (91.42%). All the Main Effects were significant.
6 hours 2 3 7.4133 0.0508 §
Results for C1= 3 (Product C) Interaction Interval Plot of C4
Variable C2 N Mean StDev 95% CI for the Mean
5 min. 1 3 7.2946 0.0380 , , o . . Log10 reductions
5 hours ) 3 7 7389 0.1129 That this was significant means that e;trapolatlon between reductions .
| o | | produced by the three products at 5 minutes and 6 hours are not parallel T
In the two-way ANOM, first note that there is significant interaction (Figure 1C). We see a Fi 2) Products B dC istent bet 1 the 5-minut nd 8-hour ® Py &
value below the 95% decision level (lower red) and above at 6 hours. The other two ( Igure. ). Products B an are consiste € \_Nee € v-minute a -hou 1 -
products were normal (within the decision level). Looking at main effects for products time points, but Product A does the worst at 5 minutes and the best at 6 hours. 75 . T
(Figure 1A), we can see the average for Product A was the lowest at 5 minutes and the That is interesting. This is what happened in both the Analysis of Means and &
h|ghest at 6 hours of all the productg. In other WOI'(.ZIS., Product A waslthe worst at 5 Analysis of Variance. 1
minutes, but the best at 6 hours, which cancel. This is why, when trying to understand _ ] 3 —r
statistics, it is important to look for interaction first. If itis significant, we do not look at the Figure 2. Interaction Plot 7.0+ —
main effects. Print out the interaction chart instead. & ®
Figure 1. Two-Way Normal ANOM for C4 _ T
Interaction Plot for C4 7= 1
Data Means
Two-Way Normal ANOM for C4 Log10 reductions
Alpha = 0.05 7.8 Product
C Interaction Effects / —— A
0.2 —i— B 6.0 | T T I T |
T 0.1107 C Time 5m 6h 5m 6h 5m 6h
E i | | : s T 0 73 Product A B ®
= ; l -0.1107
0.2y T T T T T ]
Times  5m 6h 5m 6h 5m 6h - 7.4+ e
Products 1 2 3 o .
- Conclusion
A Products B Times 7.2 -
Logi0 reduction Main Effects for €1 gt rection Main Effects for €2 Initially looking at the raw data, the performance of the products is
76 . . difficult to determine. Using the Analysis of Means or Analysis of
= '{' 7428 £ 74] I 7.3776 ' Variance statistical methods, we found that product performances
2 | | B i 7254 differed, performances at different times differed, and the interaction
! 7.2091 . . . . .
- I 7.0 fie | | was significant. It would be clearer if more replicates were used in the
) ' 1 2
A B C =) c2 o 5 minutes c2 6 hours next test.
C1




