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Purpose

The purpose of this experiment was to determine the relationship between storage methods of open bottles of wine and degradation of the wine, in terms of flavor, aroma and overall impression.  The team treated several bottles of wine differently and had a panel of “experts” judge the attributes of the wines using the attached Wine Tasting Data Form.  The “experts” that made up our taste-testing panel included the members of this team, as well as friends and family who enjoy wine.  None of these experts purports to be a wine connoisseur, though.  We had a total of 13 taste-testers on the panel.

Preliminary Testing

A preliminary test was conducted with 9 taste-testers and 6 treatment combinations using only 3 factors.  The purpose of the preliminary test was to determine if the factors, factor levels and response variable were selected properly.  Additionally, the quality of the data collection instrument was evaluated for ease of use and appropriateness.  The preliminary test revealed several useful insights and the following have been incorporated into the design:

1. A large panel is required.  Because variation in taste preferences is so large, we attempted to expand our panel as much as possible, but only 13 taste-testers were available at the time of the test. 

2. More separation between factor levels was required in order to detect more subtle differences in factors.  The factors and levels are shown below in Table 1.

3. The original data collection instrument was too vague and subject to interpretation.  The document has been modified in order to remove the interpretation variability and is shown in Attachment A.

4. The response variable has been changed.  Originally, we had intended to use a response variable that was a ratio of the treated wine score to the new wine score.  However, individual differences in taste preference shows that not all taste testers prefer the taste of new wine to treated wine.  Because of this, testing new wine adds no value to this experiment.  The new response variable will be the average of the raw total scores from each tester.  

Factors and Factor Levels

The following table contains the factors that were varied in this experiment, and their respective levels:

	Factor
	Type
	Low Level
	High Level

	Temperature
	Numeric
	Refrigerated (~40oF)
	Room Temp (~80oF)

	Storage Time
	Numeric
	2 days
	14 days

	Quality (Cost)
	Numeric
	~$5 per bottle
	~$15 per bottle

	Cork Type
	Categorical
	Original Cork
	Rubber, semi-vacuum

	Wine Type
	Categorical
	Pinot Noir
	Cabernet Sauvignon


Table 1:  The design factors and levels.

The Experiment


The experiment was conducted as an unreplicated 25-1 half fractional factorial.  The test matrix is shown Table 2 in standard order.  The responses from individual taste-testers are effectively duplicate measurements, so the average of the duplicated responses is used as the response variable for each treatment combination.  

	
	Basic Design
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	Run
	A
	B
	C
	D
	E = ABCD
	Treatment

Combination
	Response

(Score)

	1
	-
	-
	-
	-
	+
	e
	6.74

	2
	+
	-
	-
	-
	-
	a
	3.42

	3
	-
	+
	-
	-
	-
	b
	4.40

	4
	+
	+
	-
	-
	+
	abe
	3.04

	5
	-
	-
	+
	-
	-
	C
	2.58

	6
	+
	-
	+
	-
	+
	ace
	5.61

	7
	-
	+
	+
	-
	+
	bce
	6.15

	8
	+
	+
	+
	-
	-
	abc
	3.78

	9
	-
	-
	-
	+
	-
	d
	4.92

	10
	+
	-
	-
	+
	+
	ade
	3.98

	11
	-
	+
	-
	+
	+
	bde
	5.23

	12
	+
	+
	-
	+
	-
	abd
	4.35

	13
	-
	-
	+
	+
	+
	cde
	5.96

	14
	+
	-
	+
	+
	-
	acd
	1.93

	15
	-
	+
	+
	+
	-
	bcd
	4.00

	16
	+
	+
	+
	+
	+
	abcde
	4.43


Table 2:  The design matrix and the response data for the Wine Storage Experiment

Run Order

The different wines were tested in the run order generated by Design Expert; however, the starting point of the run order was different for each tester, similar to a Latin Squares design.  Our concern was that testers would be less discriminating at the end of the experiment than they would be at the beginning of the experiment, resulting in less useful data at the end of the run order.  Starting at different points in the run order should effectively distribute any negative effects introduced by the time that it takes to actually taste 16 different wines.

Tester

Run Order Sequence

A

1, 2, 3, 4……15, 16

B

2, 3, 4, 5……16, 1

C

3, 4, 5……16, 1, 2

Logistics and Other Issues

· The test was completely blind.  No taste-testers knew what wines with which treatments they were testing.  Each tester was briefed on the purpose and nature of the experiment though, so they knew to expect that some wines would taste better than others.

· A cleansing of the palette with sherbet occurred after each tester tasted a wine in order to introduce a higher level of independence between individual readings.

· All wines were brought to room temperature before tasting, regardless of storage treatment.  

· All opened bottles were half-full when stored.  The other half of the volume of wine was stored in another bottle and was subjected to a different treatment combination.  This reduced the number of bottles of wine required and ensured that each treated bottle received the same amount of exposure to air.  

· Bottles were decanted for one hour before storage, in order to simulate reality, but were not re-opened after placed in storage.

Conducting the Experiment

Our experiment was conducted within a time frame of an hour and a half during which 13 taste-testers sampled the different wines and recorded their evaluations on the provided data collection form. A few hours prior to the experiment, all refrigerated wines were brought to room temperature. 

Our experimental setup consisted of 16 bottles of wine with pre-dispensed glasses so the tester could easily obtain the correct wine according to his/her run order. These 16 bottles of wine consisted of different treatment combinations and were numbered by run order. We provided pre-dispensed 1 oz. plastic shot glasses to drink the wine from and the glasses were discarded after one use.  Reuse might have caused mixing of the wine and may have contributed to experimental error. After each run, the taste tasters cleansed their palate with a taste of lime sherbet and water if desired. We provided each test taster with a response data sheet which was also provided his/her randomized run order.  The tester would then proceed to the table and obtain his particular wine according to his run order and record his response.  

There was no control over the amount of time spent on each wine, or the time between wines.  Some testers completed the 16 wines rather quickly, while others took considerably more time.

The experiment was conducted without complications.  Although we would have preferred a larger panel of testers, scheduling conflicts resulted in only 13 testers being available on the specified date.  The response sheets were collected and kept for statistical analysis.
Statistical Analysis of the Data

The design and response data is contained in Table 2. This one-half fraction, with I =+ABCDE as the principal fraction. Moreover, this is design in which no main effect or two-factor interaction is aliased with any other main effect or two-factor interaction, but two-factor interactions are aliased with three-factor interactions. Thus, this design is of resolution V.

Figure 1 presents a Half Normal probability plot of the effect estimates from this experiment. The main effects of A and E and the BE and CE interaction are large. Because of aliasing, these effects are really A + BCDE, E+ ABCD, BE + ACD, and CE + ABD. However, because it seems plausible that three-factor and higher interactions are negligible, we concluded that only A, E, BE, and CE are important effects.
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Figure 1:  The Half Normal Plot of the Wine Storage Experiment data.

Using Design-Expert( to assist in data analysis, Table 3 summarizes the analysis of variance for this experiment. The model sum of squares is SSModel = SSA + SSE + SSBE + SSCE = 21.3417, and this accounts for 81 percent of the total variability in responses.

	Source of Variation
	Sum of

Squares
	Degrees of

Freedom
	Mean

Square
	
[image: image2.wmf]F0
	P-Value

	Model
	21.3417
	4
	5.3354
	11.74
	0.0006

	A
	5.5696
	1
	5.5696
	12.25
	0.0050

	E
	8.6436
	1
	8.6436
	19.02
	0.0011

	BE
	3.1684
	1
	3.1684
	6.97
	0.0230

	CE
	3.9601
	1
	3.9601
	8.71
	0.0132

	Residual
	5.0000
	11
	0.4545
	 
	 

	Cor Total
	26.3417
	15
	 
	 
	 


	Standard Deviation
	0.67
	R2
	0.8102

	Mean
	4.41
	Adjust R2
	0.7412

	Coefficient of variation
	15.30
	Prediction R2
	0.5984

	PRESS
	1058
	Adequate Precision
	12.033


Table 3:  The ANOVA table for the Wine Storage Experiment
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Figure 2:  Normal Probability Plot of the Residuals
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Figure 3:  Plot of Residuals Versus Predicted Response
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Figure 4:  Plot of Residuals Versus Temperature 

These residuals were obtained in the usual way from a model for predicted responses:
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=
4.41 - 0.59
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 are coded variables that correspond to the factors A (Temperature) and E (Wine Type) and the BE (Storage Time-Wine Type) and CE (Cost-Wine Type) interaction.
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Figure 5:  Plot of BE (Storage Time-Wine Type) interaction
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Figure 6:  Contour Plot

Conclusions & Recommendations


The above analysis of the test results indicates that temperature and wine type are the only main effects that are significant in this experiment.  Wine type was included as a main effect in the experiment only to determine if there is any interaction with the other factors, because significance of wine type as a main effect is not really important.  In fact, finding that our taste-testers preferred one wine type to another is trivial.  Similarly, of the two 2-factor interactions that appear in the model, the CE interaction between Cost and Wine Type is also somewhat trivial.  One could conclude then, that the only truly important effects in the model are Temperature and the interaction between Storage Time and Wine Type.  

An analysis of the residual plots from the data shown above does not suggest that there are any problems with the assumptions of normality and constant variance.

From Figure 5, we can conclude that the testers prefer fresher Cabernet Sauvignon, however, they prefer older Pinot Noir.  From Figure 6, Contour Plot not only shows us that we should keep wine in lower temperature but also suggests that the shorter storage time, the better.

In general, the results of this experiment are something of a disappointment.  The basic premise of the experiment was that storage time and cork type factors would be found significant.  We also thought that some interesting interactions could be found.  The deviation of our results from the expected results can primarily be attributed to quality of our taste-testing panel.  Although we thought that it would be sufficient to use friends and acquaintances that enjoyed wine, the results on each individual’s taste-testing form indicate that no one on our panel could consistently detect the differences in taste between wines.  An inspection of each individual’s responses revealed a large amount of inconsistency with the expected results.  Had we conducted this experiment with true wine connoisseurs, our results would likely be significantly different.


Another issue that we believe contributed to the inconsistent results is the quantity of wines tasted at the same experiment.  Tasting 16 wines and detecting differences in those wines in the span of an hour may be too much to ask of any person.  We think that a 24-2 half fractional factorial experiment with only 8 treatment combinations may have yielded better results.  In this case, either wine type or cost would be eliminated from the experiment.


In summary, a similar experiment with fewer main effects and a panel of more qualified wine tasters would likely yield significant results in line with what we expected, but failed to find in this experiment.

Appendix A

DOX Wine Tasting Data Form

Aroma (Smell or Bouquet):  0-4 Points

Is it pleasant or appetizing?  Consider both fruit smells and other aroma qualities that may result from oak or bottle age.

0 = Yuck
1 = What smell?
2 = Fair
3 = Good
4 = Wow, it smells good!

	Wine
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Score
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Flavor:  0-4 Points

Consider body, fruitiness, sweet vs. dry, and finish.

0 = Yuck
1 = Bad
2 = Fair
3 = Good
4 = Delicious

	Wine
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Score
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Overall Impression:  0-4 Points

After the aftertaste has faded, what do you think of the wine overall?  Is it pleasant and appealing?  Are all the components in balance?  Does it make you want another sip?  In short, do you like it?

0 = Yuck.  “It sucks.  Where can I spit this crap out?”


1 = Bad. “I swallowed it, but I’m going to complain to the waiter and ask for something else.”


2 = Fair.  “Not bad.  If my mother-in-law served me a glass, I’d drink it…just to be polite.”


3 = Good.  “Can I have a whole glass?”


4 = Excellent.  “Wow!  What brand is this?  I’m going to buy a bottle on my next date.”

	Wine
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Score
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Total Score:  0-12 points

	Wine
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Score
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Appendix B
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Figure 7 
Plot of residuals versus Temperature
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Figure 8 
Plot of residuals versus Storage time
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Figure 9 
Plot or residuals versus cost

[image: image21.wmf]DESIGN-EXPERT Plot

Score

2

2

Cork Type

Residuals

Residuals vs. Cork Type

-0.80

-0.34

0.13

0.59

1.06

1

2


Figure 10 
Plot of residuals versus cork type
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Figure 11
Plot of residuals versus wine type
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Figure 12
Plot of Outlier T and Run number
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