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Section A

Introduction
For years, neoclassical theory has been the accepted norm when evaluating consumer behavior.  Many studies done in the relatively new branch of behavioral economics have turned up evidence that the assumptions underlying the neoclassical rational actor model are often violated in the marketplace.
In this paper, I investigate the effects of advertising on consumer decisions in a chain of North Carolina grocery stores.  I find that the framing of choice problems significantly affects consumer behavior, and the neoclassical rational actor model cannot explain these deviations from traditional theory.  Therefore, the results of this case study further strengthen the need to consider alternative methods of evaluating consumer behavior.  

The nine original data sets used in this research contain variables for a week the specific item was on sale, and for a week in which it was not on sale.  The concern of this paper is with whether or not consumers are more likely to purchase in increments that are “evenly” (i.e. into integer values) divisible by the advertised quantity.  For instance, are there more households who buy in increments of two during a week when a particular item is advertised as “2 for $4” than during a week when that same item is simply advertised as $2.89?  This suggestive labeling of prices can be thought of as a framing effect, and I find that there is a significant clustering of the observations on those values for quantity bought during the week of the promotion.  In a way, these results are not surprising.  Since this marketing strategy is so often used, one can only assume its effectiveness.  The question raised by my study is:  if neoclassical theory cannot predict consumer behavior in this case and many other cases which I will discuss, what model of rationality can more accurately do so?  I will make the claim that decisions made under uncertain outcomes and asymmetric information can be better predicted by Kahneman and Tversky’s prospect theory.  Prospect theory allows the existence of framing effects, which have proven influential in the decisions of economic agents.
Section B
Neoclassical Economic Theory

Traditional Economic Theory
The concept of utility maximization is one of the basic premises of neoclassical economic theory.  Economic agents are assumed to strive to maximize their happiness, or utility, when they consume goods and services.  One of the central tenets of consumer theory is that individuals have unlimited wants and needs.  Since the economy cannot possibly produce at the rate of our desired aggregate consumption, everyone has unfulfilled wants.  The utility of others is assumed relevant to an economic agent only to the extent that his perception of his behavior or welfare has a direct effect, either positively or negatively, on his personal utility.  
Orthodox Consumer Theory
Expected Utility theory (abbreviated as EU from here on) is among the most important components of the neoclassical model of rational behavior.  The basic assumptions underpinning this theory are:

1. People make decisions among a set of alternatives that are given.  

2. The decision-maker knows the probability of obtaining each outcome, and the decision-maker considers these probabilities.  

3. Choices are made with the goal of maximizing the expected value of a utility function.  

According to orthodox consumer theory, a rational economic actor maximizes his utility subject to the constraints he faces.  This set of assumptions of neoclassical theory is used to interpret and predict the actions of market participants.

If EU theory alone were able to accurately describe economic behavior, we would not observe departures from its predictions in the way people actually behave.  For example, the influence of persuasive advertising on consumption patterns would be negligible or nonexistent.  If goods and services were judged purely on their quality, rather than the effect of the advertiser on the consumer, we would not see as much bias in consumption towards the most heavily advertised brands.  To emphasize this point, consider this fact:  half of all smokers in the United States smoke the three most heavily advertised brands of cigarettes.  Out of the dozens of brands, this hardly seems likely to occur without the advertising effects.  For this and many other reasons which we will discuss in the next section, few economists claim that EU theory can be used to explain all actions taken by consumers.
Section C

Violations of the Neoclassical Model of Rationality
Numerous relatively recent studies indicate that the neoclassical consumer theory model is not always a good predictor of behavior.  In this section, I will summarize some of the most important of these studies.

Mullainathan and Thaler 
Mullainathan and Thaler suggest a few broad ways in which people deviate from the neoclassical model of rationality (Mullainathan & Thaler, 2001, para. 11):  

1. Most people lack the cognitive skills necessary to solve problems optimally, a concept labeled by M&T as “bounded rationality.”  A rational person could solve every problem optimally if given a supply of infinitely rapid brainpower.  However, people only have limited brainpower and time, so rational people often adopt rules of thumb to solve problems that may have a better solution.  

2. People have “bounded willpower;” in other words, people make choices that are not optimal in the long-run.  

Romer and Gintis
Romer and Gintis advocate an extension of the rational actor model to include input from other areas of study.  We may be better able to explain the weaknesses in the rational actor model by looking into other areas of social science that have not traditionally been integrated into economic theories, such as sociology or psychology.  Neoclassical theory assumes that the preferences of actors are always determined exogenously.  However, this is not always the case.  R&G give examples of how preferences can be determined within the economic system.  Utility can be derived from things other than the simple consumption of goods and services.  People may show a preference for social equality, for example, or may be driven by a sense of civic duty and obligation.  R&G also argue that if we can apply the rational actor model to some types of individual behavior, we must also be able to apply it to other complex social situations, such as criminal behavior, marriage and divorce, voting behavior, discrimination, and the number of children in a family.  If the rational actor model cannot be used to describe behavior in these situations, we might need a different model of behavior (Romer & Gintis, 1998, p. 2-4).

Levin, Gaeth, Evangelista, Albaum, and Schreiber
Framing effects are observed changes in preferences between different choices that are a function of varying the frames, or the way in which the choices are presented.  Levin et al, in their study of how different cultures react differently to framing effects, show the response of the residents of the United States to three kinds of framing effects: 

1. Attribute framing effects, which occur when evaluations of a choice are more favorable when presented in positive terms.

2. Goal framing effects, which occur when a choice is presented to stress the positive effect of performing an act to achieve some goal, instead of stressing the negative effect of performing that same act with the same end goal.

3. Risky choice framing effects, which occur when a choice has different appeal based on whether or not it is phrased in terms of potential losses or potential gains.  In this case, most people are more motivated to take a risk to avoid a loss than to achieve a gain.  

The results reported by Levin et al appear inconsistent with the predictions of neoclassical economic theory.  They observed all three framing effects in the United States (Levin et al, 1999, Discussion section).  Specifically, the decisions of U.S. consumers were affected by whether or not a choice was presented in positive terms, by whether or not the choice was presented in terms of the positive consequences of performing an act, and by whether or not the choice was presented in terms of the gains of risky behavior.
Tversky and Kahneman 
Tversky and Kahneman performed a study to measure the effect of framing on the preferences of decision-makers.  The test was set up as follows:

Consider the following two lotteries, described by the percentage of marbles of different colors in each box and the amount of money you win or lose depending on the color of a randomly drawn marble.  Which lottery do you prefer?

	Option A
	
	
	
	
	

	
	90% white
	6% red
	1% green
	1% blue
	2% yellow

	
	$0
	Win $45
	Win $30
	Lose $15
	Lose $15


	Option B
	
	
	
	
	

	
	90% white
	6% red
	1% green
	1% blue
	2% yellow

	
	$0
	Win $45
	Win $45
	Lose $10
	Lose $15


For this test, it is obvious that the dominant strategy is option B, because for every outcome of option B the payoff is at least as good as the payoff for option A.  Consider the next lottery:

(Identical instructions) Which lottery do you prefer?

	Option C
	
	
	
	

	
	90% white
	6% red
	1% green
	3% yellow

	
	$0
	Win $45
	Win $30
	Lose $15


	Option D
	
	
	
	

	
	90% white
	7% red
	1% green
	2% yellow

	
	$0
	Win $45
	Lose $10
	Lose $15


In this test, it was not clear which option was the dominant choice.  T&K assert that their study indicates that the assumptions of rationality often hold true in transparent situations.  In other words, if the dominant strategy is obvious to the decision-maker, he will often act rationally, according to neoclassical predictions.  However, in situations where the dominant strategy is not obvious, people often violate these assumptions (Tversky & Kahneman, 1986, p. S272).
Thaler
Thaler found that labeling differences in prices as discounts or surcharges made a difference in the way people perceived them (Tversky & Kahneman, 1986, p. S261).  Even for prices that are identical in both cases of a discount or surcharge, Thaler found that people do not want to forgo a discount, but they are reluctant to accept a surcharge.  This relates to findings by Tversky and Kahneman and List et al that suggest the existence of framing effects in consumer decisions.
List
Another assumption of neoclassical theory that has been violated in the List experiments is the independence assumption.  Independence assumes that preferences between two goods are independent of a consumer’s current entitlements.  In List’s experiment, he gave out two different items with the same retail value to two different sets of people in an actual marketplace setting:  an event for trading card buyers and sellers.  For each group he handed out half candy bars (retail value of $5.95) and half mugs (retail value of $6.00).  One of the groups consisted only of dealers, the people who are experienced in selling trading cards in this market; the other group consisted of ordinary consumers.  Each group was told that they could trade with one another.  List found that the behavior of experienced consumers, the dealers in this study, closely matched the predictions of neoclassical theories of rationality.  Inexperienced consumers did not behave in accord with neoclassical theory, instead conforming to the predictions of the prospect theory we will discuss in the next section.  These inexperienced economic actors displayed an endowment effect, which is a tendency to prefer the item that one was originally given (List, 2003, p. 4).  Neoclassical theory cannot explain endowment effects, but as List found, they do exist.  The results of List’s study offer even more evidence that an alternative theory of rationality may be useful in predicting the actions of economic agents.

Section D

Prospect Theory
History of Prospect Theory

In response to what Kahneman and Tversky suspected were violations of traditional models of rationality, they proposed a different approach to analyzing choice problems.  As Kahneman and Tversky first reported in their 1979 paper, Prospect Theory:  An Analysis of Decision under Risk, there are several different types of choice problems that cannot be accurately described using neoclassical theory.  It was in this paper that they proposed an alternative account of decisions made under risk.  

As mentioned in earlier sections of this paper, neoclassical theory cannot perfectly describe all behavior of economic agents.  The expected utility model contains flaws that originate in contradictions of the model’s basic assumptions.  The first assumption is cancellation.  People are assumed to eliminate the variables that yield the same outcome no matter what the choice.  They “cancel” an event that yields the same outcomes for all options.  The second assumption is of transitivity; if a person prefers option A to option B, and prefers option B to option C, then by transitivity that person should also prefer option A to option C.  Another basic assumption of the EU model is dominance.  If one option ranks the best in a category and is at least as good as the other options in all other categories, then that option is said to be dominant and should be chosen.  The final assumption of the EU model is invariance.  Different representations of the same choice problem should result in the same preference; i.e., framing effects should not exist (Tversky & Kahneman, 1986, p. S252).  Invariance had been so broadly accepted that initially it was assumed rather than explicitly stated.  

In neoclassical theory, it is assumed that the utilities of outcomes are weighed solely by their probabilities.  However, the actual choices of people often violate this assumption.  Studies have shown that at times the assumptions of invariance and dominance do not hold; therefore, theories of rationality based on the standard assumptions of consumer theory do not adequately describe actual behavior (Tversky & Kahneman, 1986, p. S254).

Kahneman and Tversky identified a phenomenon they termed the certainty effect when people weigh alternative choices for a decision.  Decision-makers tend to overweight outcomes that are certain.  When testing to see how prevalent the certainty effect is, they found significant results.  The basic set-up of this experiment was as follows:  They asked a group of subjects which option they preferred, Option A or B.  


Option A:  80% chance of a gain of 4000


Option B:  100% chance of a gain of 3000

Eighty percent of the subjects preferred option B, even though Option A has the higher expected outcome.  The results were significant at the 99.9% level, and are inconsistent with the von Neumann-Morgenstern utility (analogous to expected utility) function.  The von Neumann-Morgenstern utility function assumes that decision-makers rank uncertain payoffs according to the expected utility of their possible individual outcomes.  This study seemed to prove what Kahneman and Tversky hypothesized:  that people are risk averse with gains.  They would rather choose the certain gain than the probable gain.  To see what would happen in a situation where subjects were faced with losses instead of gains, they set up the same experiment with negative outcome numbers:


Option C:  80% chance of losing 4000


Option D:  100% chance of losing 3000

This time, 92% of all subjects preferred option C to option D.  People seem to be risk seeking in situation of loss.  They will choose the uncertain option rather than the option sure to lose money.  This reversal of preferences when dealing with gains versus losses is called the reflection effect, the preferences seeming to take a mirror image of one another.

Elements of Prospect Theory
Prospect theory has two stages, according to Kahneman and Tversky.  The first is a phase of editing, where the person does an analysis of the choices.  The second phase is evaluation, where the person will choose the prospect with the highest value.  Several main processes guide the editing phase.  First, the decision-maker codes the outcomes as gains or losses.  The coding of outcomes as either gains or losses can be affected by the formulation of the offered prospects, and by the decision-maker’s expectations (Tversky & Kahneman, 1986, p. S272).  After this basic grouping of the options into gains and losses, the riskless components are segregated from the risky components.  Finally, the subject is expected to mentally cancel the shared components that all of the prospects contain.

After the initial phase of editing the prospects, the decision-maker moves to the evaluation phase.  Two things determine the value of each prospect:  the probability associated with each (p), and the decision weights put on it by the decision-maker (π).  Decision weights can be influenced by the expectations of the subject, along with other factors, such as ambiguity about the choices.  The equations associated with prospect theory are similar to those for EU theory, but in order to compensate for the violations of EU theory, we must assume that decision weights are different from the probabilities, and that values are attached to changes in wealth rather than final states of wealth.  Figure 1 illustrates the concept of decision weights that do not correspond to the stated probabilities.
Figure 1:  Decision Weights vs. Probabilities (Tversky & Kahneman, 1986, p. S264)
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FIGURE 4.—A hypothetical weighting function.




As a kind of substitution for the idea of utility in the neoclassical model, Kahneman and Tversky defined a value function for prospect theory.  There are a few basic tenets behind this function, and they are: 

· The function is defined on deviations from the reference point (List, 2003, p. 4).

· The function is usually concave for gains and convex for losses, which reflects the observation that people are risk averse with gains and risk seeking for losses.

· The function is steeper for losses than it is for gains.

The hypothetical value function in its original form is shown in Figure 2.

Figure 2:  Value Function (Tversky & Kahneman, 1986, p. S259)
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FIGURE 3.—A hypothetical value function.




In cases of small probabilities, Tversky and Kahneman found that people are risk seeking in terms of gains and risk averse in terms of losses.  This phenomenon could be caused by people systematically overweighting small probabilities.  An example of this type of behavior is the lottery system.  People tend to overestimate their probability of winning the lottery, i.e. their expected payoff from buying lottery tickets.  Another instance of people overweighting small probabilities can be seen in the large number of people who purchase various types of insurance.  Since the potential loss is large if, for example, the house of a person who does not have insurance burns down, people purchase insurance to put their minds at ease.  However, the probability of this actually happening is very small, and people tend to think that it is greater than it actually is.  Therefore, some people who purchase insurance against occurrences such as fire may be overweighting the small probability that they will need it.

Framing Effects
A framing effect occurs when there is a change in preferences between prospects without a change in the expected outcomes, but with a change in the way the choices are framed.  Tversky and Kahneman believed that if framing effects did not exist, people would make decisions based on a methodical and scientific evaluation of their prospective choices.  If this is true, the assumption of invariance will hold, and utility theory is a good predictor of human behavior.  However, studies show that people do not evaluate choices in terms of actuarial values; instead, they are influenced by the way in which the choices are framed (Tversky & Kahneman, 1986, p. S256).

A major finding of experiments done by Tversky and Kahneman is that in transparent situations, or situations where one prospect is obviously dominant, assumptions of rationality often hold true.  In non-transparent situations, or situations where the dominant strategy is more ambiguous, the neoclassical assumptions of rationality are often violated (Tversky & Kahneman, 1986, p. S254).  For more information on the details of this experiment, see section C.  Some economists question the pertinence of these findings, and assert that these “market anomalies” are a temporary problem that cannot persist.  They assume that the violations are restricted to insignificant choice problems, or that the violations will be eliminated by learning.  Or perhaps it is irrelevant, since the market is assumed to have a self-correcting mechanism that will quickly weed out non-maximizing agents.  These theoreticians maintain that violations of the neoclassical model of rationality can be attributed to the cost of thinking, and will be eliminated by the proper incentives.  Studies have shown, however, that errors are prevalent even in situations where there is a large monetary payoff.  Incentives to learn appear ineffective in these situations, and another explanation for this behavior must be found (Tversky & Kahneman, 1986, p. S273-S274).

Further studies done by Mullainathan and Thaler suggest that markets do not automatically weed out actors that are not maximizing; they simply provide incentive to switch to optimal actions.  From the experiments, they believe that the pressure of evolution cannot be depended on to weed out non-maximizers.  Depending on the initial circumstances, evolution may just as easily weed out rational behavior as it would irrational behavior.  People who make consistent mistakes may not eventually learn from them.  Even in infinite repetitions of the game, there can be a lack of learning.  The reason for this is the high opportunity cost of learning; this will cause rational actors to not experiment (Mullainathan & Thaler, 2001, para. 8-9).

Overall, studies suggest the power of strong framing effects.  However, there exist large differences in effects depending on experimental design and situational tasks.  Some argue that classical framing effects only occur when the choice is ambiguous or in cases of imperfect information.  Levin et al found that when there is a case of asymmetric information, there is increased evidence of framing effects.  This could be incentive for some agents (on the sell side) to artificially structure framing in overly complex ways.  In experiments done by Wang, the results suggested that framing effects may result from a lack of clarity in the choices (Prospect Theory View of Framing Effects).
Section E

Description of Data

The data consist of nine separate data sets, one for each of nine items that are commonly purchased in grocery stores.  For each item, I have sales quantity data for a week that the item was offered at the regular price and for a week that it was offered at discount.  For each data set, the unit of observation is the holder(s) of the grocery store discount card. For ease of exposition, I refer to the holder as a household, although in some households each individual might hold discount cards with different identification numbers.  For each observation, the data set includes the quantity purchased, the sale price, and the regular price.  The sales week data sets also include the observation’s percentiles by total purchase from the store.  Table 1 lists the number of observations in each data set and the form of the sale.  

Table 1 – Summary of Data sets

	Item
	# obs during sale week
	# obs during non-sale week
	Avg. percent discount
	Advertised price

	Bologna, Oscar Mayer (16oz)


	3272
	1449
	32.2%
	2/$5

	Cat Food, Fancy Feast (3oz)


	61316
	32929
	28.3%
	3/$1

	Cereal, Quaker Life (15oz)


	15023
	3573
	33.1%
	2/$4

	Chips, Tostitos (13oz)


	38058
	20656
	39.2%
	2/$4

	Sports Drink, Gatorade (64oz)


	23099
	5520
	23.7%
	3/$5

	Shampoo/ Conditioner, generic dandruff (13.5oz)
	447
	253
	29.8%
	2/$4.19

	Shaving Gel, Top Care for men and women (7oz)
	945
	134
	39.7%
	2/$2.39

	Wieners, generic (store brand) premium beef (16oz)
	3585
	666
	33.1%
	2/$4

	Wieners, Oscar Mayer (14-16oz)


	19122
	7409
	16.4%
	2/$5


The variables I will use in my analysis are described in Table 2.  These are the variable names to which I will refer in the remainder of this paper.

Table 2 – Description of Variables
	Variable


	Description

	even
	dummy variable, where a value of 1 means that qbought is evenly divisible by qadvert, and a value of 0 means that it is not

	qadvert
	the quantity in which the good was advertised during the sale week

	qbought
	the quantity bought by a household

	even_gt2
	dummy variable with same description as variable “even,” except only includes observations of qbought greater than 2


 Section F

Outline of Hypothesis

In my case study, I am interested in whether or not the framing of an advertisement has an effect upon buying behavior.  Specifically, I consider advertisements in which multiple units are advertised for at a sales price. For example, in my data set, Quaker Life Cereal is advertised “2 for $4” and Gatorade as “3 for $5”.  Although the advertisement is expressed in the form of multiple units for a total price, consumers who purchase only one unit pay the total price divided by the number of units appearing in the advertisement.  There is no price advantage for the total number of units purchased to be evenly divisible by the advertised number of units.  Nonetheless, the models pioneered by Tversky and Kahneman suggest that the framing of the advertisement might affect buying behavior. Accordingly, I examine whether the number of units purchased for a cash register transaction is more likely to be evenly divisible by the number of units appearing in the advertisement during a sales week than in a non-sales week.   

For each data set, I define the variable “even” which takes on the value 1 if the number of units purchased by in a cash-register transaction is evenly divisible by the multiples in which the product is advertised during the sales week and 0 if it is not.  For example, with Quaker Life Cereal advertised in the sales week as “2 for $4”, the variable “even” takes on the value 1 if the total number of units purchased on the cash register transaction is evenly divisible by two.  I estimate a probit model for the probability of an even purchase as dependent on whether the item is advertised in multiple units and on the percentage discount during the sales week.  Formally the model is: 

Probability(even) = Φ(α + β0 qadvert)  

where Φ denotes the normal probability distribution function
Hypothesis

My null hypothesis follows the traditional line of economic rationality:  the quantity in which a good is advertised when it is on sale has no effect on the quantity  purchased by  consumers, or

H0:  β0 = 0

My alternative hypothesis follows the idea of prospect theory and the framing effect:  the quantity in which a good is advertised has an effect on the quantity demanded by consumers, or

Ha:  β0 ≠ 0

Rejection of the null hypothesis with a high level of significance provides evidence that traditional economic theory is lacking as a description of behavior.  Conversely, failure to reject the null hypothesis provides evidence in support of the traditional model.
To test my hypothesis, I estimated probit models for each of the nine data sets.  The endogenous variables include the variable “even” described previously and two modifications of the variable.  In addition to the variable “even”, I defined a variable “even_gt2” that takes on the value 1 if the number of units purchased is evenly divisible by advertised number of units and if the number of units purchased is greater than 2.  I am concerned that the product being on sale may have a scale effect in which more items are purchased.  Since the modal number of units purchased during the sale week is one, then a large number of purchases of two units might simply be a scale effect from one to two units.  For some of the products, my data includes sales data from different stores with differing price discounts during the sales weeks.  However, since these differences are negligible, this variable will not be included in the model.  In addition to the probit estimations, I will also perform a difference in means test for the variable “even” in the sale and non-sale weeks.  

Section G

Results of Empirical Tests

Frequency Data

To ascertain whether the data were mostly grouped into those numbers of quantity bought that were divisible by the quantity advertised; I originally sorted this data into frequencies.  A frequency in STATA gives a table that shows how many times an observation occurs with a certain value for qbought.  Examining these frequency tables is highly instructive.  There is a clear pattern of grouping on sales quantities evenly divisible by the advertised number of units but considerable variation in the extent of clustering.

The STATA output for the frequency data for all of the items can be found in the appendix, but an example of this data can be seen below.  This is the frequency data for the item Wieners-OM, which was advertised as 2/$5 during the sale week.  Table 3 provides the frequencies for the quantities sold in a cash register transaction during a non-sales week (sales=0) and a sales week (sales>0).  The highlighted values are the observations of qbought that correspond to qadvert.  We can see that, during the sale week, the relative frequency of observations for the even values of qbought are much higher in the sales than this sales week.  During the non-sales week the modal purchase is one unit and the frequencies decline monotonically with the number of units.  For the sales week, the modal number of purchases is also one unit but the decline in frequencies is not monotonic.   Notice that the number of households purchasing four units is greater than the number purchasing three or five units.  Likewise, the number purchasing six units is greater than the number purchasing five or seven units.   

Table 3:  Frequency Data for Wieners-OM where sale=0

  Number of |


      units |


  purchased |
      Freq.
     Percent
        Cum.

------------+
-----------
------------
------------

          1 |
      6,914
       93.32
       93.32

          2 |
        424
        5.72
       99.04

          3 |
         49
        0.66
       99.70

          4 |
         12
        0.16
       99.87

          5 |
          4
        0.05
       99.92

          6 |
          3
        0.04
       99.96

          8 |
          2
        0.03
       99.99

         10 |
          1
        0.01
      100.00

------------+
-------------------------
----------

      Total |
      7,409
      100.00


Table 4:  Frequency data for Wieners-OM where sale>0

  Number of |

      units |

  purchased |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |     11,945       62.47       62.47

          2 |      6,690       34.99       97.45

          3 |        150        0.78       98.24

          4 |        251        1.31       99.55

          5 |         10        0.05       99.60

          6 |         37        0.19       99.80

          7 |          3        0.02       99.81

          8 |         10        0.05       99.86

          9 |          1        0.01       99.87

         10 |          1        0.01       99.87

         12 |          2        0.01       99.88

         14 |          2        0.01       99.90

         23 |          3        0.02       99.91

         43 |          1        0.01       99.92

         47 |          1        0.01       99.92

         55 |          1        0.01       99.93

         59 |          1        0.01       99.93

         68 |          1        0.01       99.94

         69 |          1        0.01       99.94

         83 |          1        0.01       99.95

         85 |          1        0.01       99.95

         89 |          1        0.01       99.96

         97 |          1        0.01       99.96

         98 |          1        0.01       99.97

        114 |          1        0.01       99.97

        120 |          1        0.01       99.98

        130 |          1        0.01       99.98

        161 |          1        0.01       99.99

        170 |          1        0.01       99.99

        175 |          1        0.01      100.00

------------+-----------------------------------

      Total |     19,122      100.00

Probit models

The probit estimates for even and even_gt2 are reported in the appendix.  Table 5 below summarizes the results of the probit estimates for even.
	Table 5: Probit Model for Even

Coefficient on qadvert

	Product
	Estimated Coefficient on qadvert
	Standard Error
	Z-value
	P-Value
	Number of Observations

	Bologna
	1.14
	.06
	18.90
	0.00
	4721

	Cat Food
	.34
	.01
	64.61
	0.00
	94245

	Cereal
	1.12
	.04
	31.77
	0.00
	18596

	Chips
	.79
	.02
	50.24
	0.00
	58714

	Gatorade
	.36
	.02
	15.98
	0.00
	28619

	Shampoo
	1.39
	.17
	8.01
	0.00
	700

	ShavingGel
	.54
	.08
	6.46
	0.00
	1079

	Wieners-SB
	1.07
	.07
	16.52
	0.00
	4251

	Wieners-OM
	1.22
	.02
	48.66
	0.00
	26531


The estimated coefficient on qadvert is positive and statistically significant in each of the probit models for even.  There is strong evidence that the number of units purchased during a cash register transaction is more likely to be divisible by the number of units advertised during the sales than the non-sales week.  

As mentioned previously, a possible concern might be that the findings for even simply reflect an increase in the number of units purchased from one to two rather than a pattern of clustering on units that are evenly divisible by the number of units advertised.  To offer additional evidence regarding the question of interest, I also estimated models with “even_gt2” as the endogenous variables.  The estimated coefficients on qadvert in these models are summarized in Table 6.

	Table 6: Probit Model for Even_gt2
Coefficient on qadvert

	Product
	Estimated Coefficient on qadvert
	Standard Error
	Z-value
	P-Value
	Number of Observations

	Bologna
	.83
	.45
	1.84
	0.07
	50

	Cat Food
	.43
	.01
	54.47
	0.00
	33742

	Cereal
	1.26
	.41
	3.07
	0.00
	498

	Chips
	.63
	.15
	4.28
	0.00
	608

	Gatorade
	.38
	.06
	6.46
	0.00
	2066

	Shampoo
	
	
	
	
	8

	Shaving Gel
	
	
	
	
	16

	Wieners-SB
	.40
	.32
	1.26
	0.01
	209

	Wieners-OM
	1.02
	.17
	5.94
	0.00
	558


Bologna

I found a significant relationship when testing the relationship between the advertised quantity and whether or not people have the tendency to buy in quantities evenly divisible by the advertised quantity.  The Z-value is 18.90, with a corresponding P-value of 0.000.  This means that I can reject my null hypothesis that consumption decisions are unrelated to the advertised quantities with 99.9% confidence.  Overall, qadvert explains 9.06% of the variation in the dependent variable, with 99.9% confidence.
_______________________________________________________________________________

Probit estimates                                  Number of obs   =       4721

                                                  LR chi2(1)      =     456.78

                                                  Prob > chi2     =     0.0000

Log likelihood = -2293.3352                       Pseudo R2       =     0.0906

------------------------------------------------------------------------------

        even |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   1.141977   .0604236    18.90   0.000     1.023549    1.260405

       _cons |  -2.796612   .1140985   -24.51   0.000    -3.020241   -2.572983

CatFood

When testing the relationship between whether or not people have the tendency to buy in quantities that are evenly divisible by the advertised quantity (even) and the advertised quantity (qadvert), I also found a significant relationship for cat food.  The Z-value is 64.61, with a corresponding P-value of 0.000.  
_______________________________________________________________________________

Probit estimates                                  Number of obs   =      94245

                                                  LR chi2(1)      =    4483.87

                                                  Prob > chi2     =     0.0000

Log likelihood = -49107.636                       Pseudo R2       =     0.0437

------------------------------------------------------------------------------

        even |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   .3400928   .0052634    64.61   0.000     .3297767    .3504089

       _cons |  -1.546077   .0138794  -111.39   0.000     -1.57328   -1.518874

Cereal

For cereal, the independent variable is significantly related to the dependent variable at a 99.9% level of significance.  Overall, this model appears to explain 5.98% of the variation in the dependent variable.
_______________________________________________________________________________
Probit estimates                                  Number of obs   =      18596

                                                  LR chi2(1)      =    1309.89

                                                  Prob > chi2     =     0.0000

Log likelihood = -10294.351                       Pseudo R2       =     0.0598

------------------------------------------------------------------------------

        even |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   1.120154   .0352543    31.77   0.000     1.051057    1.189251

       _cons |  -2.687694   .0680735   -39.48   0.000    -2.821115   -2.554272

Chips

Again I can reject the null hypothesis that consumption decisions are unrelated to the advertised quantities with 99.9% confidence.  This model appears to predict 5.54% of the variation in whether or not consumers choose to purchase in increments divisible by the advertised quantity.
_______________________________________________________________________________

Probit estimates                                  Number of obs   =      58714

                                                  LR chi2(1)      =    2887.35

                                                  Prob > chi2     =     0.0000

Log likelihood = -24599.983                       Pseudo R2       =     0.0554

------------------------------------------------------------------------------

        even |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   .7891957    .015707    50.24   0.000     .7584104    .8199809

       _cons |  -2.355186   .0288469   -81.64   0.000    -2.411725   -2.298647

Gatorade

When testing the relationship between dependent variable even and independent variable qadvert, I found a significant relationship.  This probit model is significant at the 99.9% level.  
_______________________________________________________________________________
Probit estimates                                  Number of obs   =      28619

                                                  LR chi2(1)      =     342.96

                                                  Prob > chi2     =     0.0000

Log likelihood = -6501.2807                       Pseudo R2       =     0.0257

------------------------------------------------------------------------------

        even |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   .3571225    .022352    15.98   0.000     .3133134    .4009316

       _cons |  -2.521508   .0647538   -38.94   0.000    -2.648423   -2.394593

Shampoo

For shampoo, I also find a significant relationship between the dependent variable and qadvert.  Overall, the model explains 13.27% of the variation in the dependent variable.
_______________________________________________________________________________

Probit estimates                                  Number of obs   =        700

                                                  LR chi2(1)      =      93.35

                                                  Prob > chi2     =     0.0000

Log likelihood = -304.98617                       Pseudo R2       =     0.1327

------------------------------------------------------------------------------

        even |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   1.391185   .1736735     8.01   0.000     1.050791    1.731579

       _cons |  -3.307414   .3301342   -10.02   0.000    -3.954465   -2.660363

ShavingGel

In the case of shaving gel, there is a significant relationship between the independent and dependent variables.  Overall, 3.91% of the variation in the dependent variable can be explained by qadvert. 
_______________________________________________________________________________
Probit estimates                                  Number of obs   =       1079

                                                  LR chi2(1)      =      52.99

                                                  Prob > chi2     =     0.0000

Log likelihood = -651.18525                       Pseudo R2       =     0.0391

------------------------------------------------------------------------------

        even |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   .5373238   .0831589     6.46   0.000     .3743352    .7003123

       _cons |  -1.979496   .2423766    -8.17   0.000    -2.454546   -1.504447

Wieners-SB
For Wieners-SB, there exists a significant relationship between the independent variable and the dependent variable at the 99.9% level.
_______________________________________________________________________________
Probit estimates                                  Number of obs   =       4251

                                                  LR chi2(1)      =     318.05

                                                  Prob > chi2     =     0.0000

Log likelihood = -2737.8096                       Pseudo R2       =     0.0549

------------------------------------------------------------------------------

        even |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   1.076303   .0651689    16.52   0.000     .9485742    1.204032

       _cons |   -2.20682   .1251882   -17.63   0.000    -2.452185   -1.961456

Wieners-OM

Overall, 9.59% of the variation in the dependent variable can be explained by the independent variable, which is significant at the 99.9% level.
_______________________________________________________________________________
Probit estimates                                  Number of obs   =      26531

                                                  LR chi2(1)      =    3020.14

                                                  Prob > chi2     =     0.0000

Log likelihood =  -14235.08                       Pseudo R2       =     0.0959

------------------------------------------------------------------------------

        even |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   1.215518   .0249823    48.66   0.000     1.166554    1.264483

       _cons |  -2.773176   .0473211   -58.60   0.000    -2.865924   -2.680428

Difference in Means
To summarize the significance of the relationships between the dependent and independent variables, the Table 7 contains summary statistics for a difference in means test between the sales and non-sales weeks.  Specifically, I tested for the difference in means for variable even when sale=0 and sale=1.  This table can be used to compare the relative strengths of the relationships for each item.

Table 7:  Difference in Means
	Item
	Z-value
	P-value

	Bologna
	2633.18
	< 0.000

	CatFood
	28610.92
	< 0.000

	Cereal
	8937.89
	< 0.000

	Chips
	22332.00
	< 0.000

	Gatorade
	10291.93
	< 0.000

	Shampoo
	471.26
	< 0.000

	ShavingGel
	369.92
	< 0.000

	Wieners-SB
	1462.97
	< 0.000

	Wieners-OM
	15548.79
	< 0.000


Section H

Conclusions

Neoclassical economics has long treated the rational actor model as the standard model of behavior for economic agents.  The set of assumptions under which the rational actor operates are considered to be so obvious that some of them are not explicitly stated, namely the assumption of invariance.  Under invariance, different representations of the same choice problem should result in the same decision for each representation.  In other words, framing effects are assumed nonexistent.  According to neoclassical theory, it should make no difference how the choice problem is framed, because it will result in the same decision every time.  We can see from this study that that is not always the case.  

Framing the choice problem seems to make a large difference in the purchasing behavior of people in grocery stores.  For each of the nine items tested, the independent variable was significantly related to the dependent variable.  The quantity in which the goods were advertised had an effect on the quantity purchased by consumers at a 99.9% level of significance.  This study is among many others that have generated results contrary to what neoclassical theory would predict.  The limitations of neoclassical predictions that are apparent from these studies suggest the need for a more accurate model of rationality.  The model I have chosen to highlight in this paper is Kahneman and Tversky’s prospect theory, and the relatively new concept of framing effects.

Behavioral economics would benefit from further research.  The union of theories between economics and psychology is a relatively new idea, pioneered in 1979 with Kahneman and Tversky’s Prospect Theory:  An Analysis of Decision under Risk.  There would also be an advantage in the elaboration of the ideas put forth in this specific paper.  Since the data set used for the empirical analysis in this case study is original, there is room for further study.  

The limitations of research are apparent from the structure of the data set and the lack of explanatory variables.   There are several independent variables that I predict would significantly explain some of the variation in the independent variable “even.”  What could further explain why people tend to buy in increments of the advertised quantity?  One obvious factor might be market experience.  As experiments from List suggested, the most active market participants tend to abide by the assumptions of neoclassical rationality, while the actors with less experience act more in accordance with prospect theory (List, 2003, p. 4).  Another missing variable that may be significant is household size.  The larger the household, the more likely we are to see stockpiling during the weeks of sale.  Stockpiling would cause customers to buy larger quantities regardless of the advertised quantity, but the advertising still may have a suggestive effect.  Along the same lines, a variable indicating household income would be helpful.  It may be that those customers with larger income per household member are less concerned about finding deals than those who have less to spend on each household member.  There may also be a relationship between household income and the tendency to stockpile, since the high income households can afford to stockpile more than the low income households.
Another study might include variables for the same goods with data for different sales weeks.  For instance, the Quaker Life cereal would have three or more different advertised quantities; the regular price, the “2 for $4” deal, and perhaps a “3 for $6” sale as well.  Including more data from different sales weeks could strengthen the results of this study if the relationship between the dependent variable and qadvert was still significant.  One last question that could be addressed by further studies is the difference in goods for which the price for one is easily computed and the goods for which the price for one is more difficult to compute mentally.  For instance, during the sale week, shampoo was advertised as 2/$4.19.  Most people would have a much harder time computing the price for one bottle of shampoo at that advertised price than they would if it was advertised as 2/$4.  In the case of this data set, it would have been impossible to determine if there was a difference between the two cases without further information, since the only two goods with advertising that was difficult to compute were shampoo and shaving gel.  There could be many other factors that explain why the relationship between the dependent and independent variables seems to be less significant within these two items.  Maybe these are goods with which the consumers are not as familiar, and therefore they are likely to initially buy only one to test its quality.  Perhaps another factor is that using an entire bottle of shampoo or shaving gel simply takes longer than consuming a food item, and consequently consumers tend to buy fewer units of these goods.
It is apparent both from the remarkable significance of this study and from its limitations that framing effects and prospect theory would greatly benefit from further research.  
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Appendix

Tabulate data

Bologna

. tabulate qbought if sale==0

  Number of |

      units |

  purchased |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |      1,370       94.55       94.55

          2 |         68        4.69       99.24

          3 |          5        0.35       99.59

          4 |          3        0.21       99.79

          5 |          2        0.14       99.93

         13 |          1        0.07      100.00

------------+-----------------------------------

      Total |      1,449      100.00

. tabulate qbought if sale>0

  Number of |

      units |

  purchased |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |      2,261       69.10       69.10

          2 |        972       29.71       98.81

          3 |         12        0.37       99.17

          4 |         19        0.58       99.76

          5 |          2        0.06       99.82

          6 |          2        0.06       99.88

         48 |          1        0.03       99.91

         73 |          1        0.03       99.94

         75 |          1        0.03       99.97

        173 |          1        0.03      100.00

------------+-----------------------------------

      Total |      3,272      100.00

CatFood

. tabulate qbought if sale==0

  Number of |

      units |

  purchased |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |     11,807       35.86       35.86

          2 |     12,107       36.77       72.62

          3 |      2,175        6.61       79.23

          4 |      3,619       10.99       90.22

          5 |        353        1.07       91.29

          6 |      1,080        3.28       94.57

          7 |        165        0.50       95.07

          8 |        553        1.68       96.75

          9 |        117        0.36       97.11

         10 |        192        0.58       97.69

         11 |         56        0.17       97.86

         12 |        232        0.70       98.56

         13 |         25        0.08       98.64

         14 |         75        0.23       98.87

         15 |         39        0.12       98.99

         16 |         84        0.26       99.24

         17 |          9        0.03       99.27

         18 |         43        0.13       99.40

         19 |         18        0.05       99.45

         20 |         34        0.10       99.56

         21 |         12        0.04       99.59

         22 |         18        0.05       99.65

         23 |          6        0.02       99.67

         24 |         24        0.07       99.74

         25 |          2        0.01       99.74

         26 |          6        0.02       99.76

         27 |          5        0.02       99.78

         28 |         11        0.03       99.81

         29 |          2        0.01       99.82

         30 |         10        0.03       99.85

         31 |          1        0.00       99.85

         32 |          6        0.02       99.87

         33 |          1        0.00       99.87

         34 |          5        0.02       99.89

         35 |          3        0.01       99.90

         36 |          3        0.01       99.91

         37 |          2        0.01       99.91

         38 |          3        0.01       99.92

         39 |          3        0.01       99.93

         40 |          5        0.02       99.95

         42 |          1        0.00       99.95

         44 |          2        0.01       99.95

         45 |          1        0.00       99.96

         46 |          2        0.01       99.96

         48 |          2        0.01       99.97

         49 |          1        0.00       99.97

         50 |          3        0.01       99.98

         54 |          1        0.00       99.98

         56 |          1        0.00       99.99

         60 |          1        0.00       99.99

         64 |          1        0.00       99.99

         80 |          1        0.00      100.00

         96 |          1        0.00      100.00

------------+-----------------------------------

      Total |     32,929      100.00

. tabulate qbought if sale>0

  Number of |

      units |

  purchased |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |     22,855       37.27       37.27

          2 |     13,734       22.40       59.67

          3 |     13,043       21.27       80.94

          4 |      3,382        5.52       86.46

          5 |        952        1.55       88.01

          6 |      3,153        5.14       93.16

          7 |        392        0.64       93.79

          8 |        558        0.91       94.70

          9 |        801        1.31       96.01

         10 |        279        0.46       96.47

         11 |        133        0.22       96.68

         12 |        580        0.95       97.63

         13 |         89        0.15       97.77

         14 |         98        0.16       97.93

         15 |        190        0.31       98.24

         16 |         86        0.14       98.38

         17 |         41        0.07       98.45

         18 |        173        0.28       98.73

         19 |         37        0.06       98.79

         20 |         59        0.10       98.89

         21 |         69        0.11       99.00

         22 |         29        0.05       99.05

         23 |         33        0.05       99.10

         24 |        114        0.19       99.29

         25 |         16        0.03       99.32

         26 |         16        0.03       99.34

         27 |         27        0.04       99.39

         28 |         14        0.02       99.41

         29 |         14        0.02       99.43

         30 |         51        0.08       99.51

         31 |         11        0.02       99.53

         32 |         10        0.02       99.55

         33 |         19        0.03       99.58

         34 |          5        0.01       99.59

         35 |          7        0.01       99.60

         36 |         26        0.04       99.64

         37 |          5        0.01       99.65

         38 |          4        0.01       99.66

         39 |          9        0.01       99.67

         40 |          1        0.00       99.67

         41 |          8        0.01       99.69

         42 |         10        0.02       99.70

         43 |          6        0.01       99.71

         44 |          5        0.01       99.72

         45 |          6        0.01       99.73

         46 |          5        0.01       99.74

         47 |          4        0.01       99.74

         48 |         10        0.02       99.76

         49 |          4        0.01       99.77

         50 |          3        0.00       99.77

         51 |          2        0.00       99.77

         52 |          4        0.01       99.78

         53 |          3        0.00       99.79

         54 |          3        0.00       99.79

         55 |          2        0.00       99.79

         56 |          3        0.00       99.80

         57 |          3        0.00       99.80

         58 |          2        0.00       99.81

         59 |          5        0.01       99.82

         60 |          6        0.01       99.83

         61 |          2        0.00       99.83

         62 |          4        0.01       99.84

         63 |          5        0.01       99.84

         64 |          2        0.00       99.85

         65 |          2        0.00       99.85

         66 |          2        0.00       99.85

         67 |          1        0.00       99.85

         69 |          3        0.00       99.86

         70 |          1        0.00       99.86

         71 |          3        0.00       99.87

         72 |          2        0.00       99.87

         73 |          3        0.00       99.87

         74 |          1        0.00       99.88

         75 |          4        0.01       99.88

         80 |          1        0.00       99.88

         81 |          1        0.00       99.89

         82 |          2        0.00       99.89

         83 |          1        0.00       99.89

         84 |          1        0.00       99.89

         86 |          3        0.00       99.90

         87 |          1        0.00       99.90

         88 |          3        0.00       99.90

         89 |          1        0.00       99.91

         90 |          3        0.00       99.91

         91 |          1        0.00       99.91

         92 |          1        0.00       99.91

         93 |          1        0.00       99.92

         94 |          2        0.00       99.92

         96 |          1        0.00       99.92

         97 |          1        0.00       99.92

         98 |          2        0.00       99.92

        105 |          2        0.00       99.93

        106 |          3        0.00       99.93

        108 |          1        0.00       99.93

        110 |          2        0.00       99.94

        111 |          1        0.00       99.94

        114 |          1        0.00       99.94

        120 |          1        0.00       99.94

        124 |          1        0.00       99.94

        125 |          1        0.00       99.95

        127 |          2        0.00       99.95

        128 |          2        0.00       99.95

        129 |          1        0.00       99.95

        130 |          1        0.00       99.96

        132 |          1        0.00       99.96

        133 |          1        0.00       99.96

        135 |          1        0.00       99.96

        136 |          1        0.00       99.96

        137 |          1        0.00       99.96

        138 |          1        0.00       99.97

        143 |          3        0.00       99.97

        149 |          1        0.00       99.97

        154 |          1        0.00       99.97

        156 |          1        0.00       99.98

        158 |          1        0.00       99.98

        160 |          1        0.00       99.98

        168 |          2        0.00       99.98

        173 |          1        0.00       99.98

        180 |          1        0.00       99.99

        184 |          2        0.00       99.99

        191 |          1        0.00       99.99

        192 |          1        0.00       99.99

        203 |          2        0.00      100.00

        231 |          1        0.00      100.00

        236 |          1        0.00      100.00

        322 |          1        0.00      100.00

------------+-----------------------------------

      Total |     61,316      100.00

Cereal

. tabulate qbought if sale==0

  Number of |

      units |

  purchased |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |      3,351       93.79       93.79

          2 |        207        5.79       99.58

          3 |         13        0.36       99.94

          4 |          2        0.06      100.00

------------+-----------------------------------

      Total |      3,573      100.00

. tabulate qbought if sale>0

  Number of |

      units |

  purchased |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |      9,894       65.86       65.86

          2 |      4,646       30.93       96.78

          3 |        197        1.31       98.10

          4 |        227        1.51       99.61

          5 |         14        0.09       99.70

          6 |         24        0.16       99.86

          7 |          1        0.01       99.87

          8 |         10        0.07       99.93

         10 |          5        0.03       99.97

         12 |          1        0.01       99.97

        143 |          1        0.01       99.98

        208 |          1        0.01       99.99

        299 |          1        0.01       99.99

        490 |          1        0.01      100.00

------------+-----------------------------------

      Total |     15,023      100.00

Chips

. tabulate qbought if sale==0

  Number of |

      units |

  purchased |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |     19,362       93.74       93.74

          2 |      1,188        5.75       99.49

          3 |         79        0.38       99.87

          4 |         21        0.10       99.97

          5 |          2        0.01       99.98

          6 |          2        0.01       99.99

          7 |          1        0.00      100.00

         10 |          1        0.00      100.00

------------+-----------------------------------

      Total |     20,656      100.00

. tabulate qbought if sale>0

  Number of |

      units |

  purchased |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |     29,461       77.41       77.41

          2 |      8,095       21.27       98.68

          3 |        258        0.68       99.36

          4 |        188        0.49       99.85

          5 |         12        0.03       99.88

          6 |         18        0.05       99.93

          7 |          6        0.02       99.95

          8 |          7        0.02       99.97

         12 |          1        0.00       99.97

        198 |          1        0.00       99.97

        205 |          1        0.00       99.97

        221 |          1        0.00       99.98

        273 |          1        0.00       99.98

        313 |          1        0.00       99.98

        378 |          1        0.00       99.98

        387 |          1        0.00       99.99

        394 |          1        0.00       99.99

        498 |          1        0.00       99.99

        501 |          1        0.00       99.99

        533 |          1        0.00      100.00

        683 |          1        0.00      100.00

------------+-----------------------------------

      Total |     38,058      100.00

Gatorade

. tabulate qbought if sale==0

  Number of |

      units |

  purchased |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |      4,856       87.97       87.97

          2 |        535        9.69       97.66

          3 |         77        1.39       99.06

          4 |         33        0.60       99.66

          5 |          6        0.11       99.76

          6 |          6        0.11       99.87

          7 |          2        0.04       99.91

          8 |          2        0.04       99.95

          9 |          1        0.02       99.96

         11 |          2        0.04      100.00

------------+-----------------------------------

      Total |      5,520      100.00

. tabulate qbought if sale>0

  Number of |

      units |

  purchased |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |     18,409       79.70       79.70

          2 |      2,753       11.92       91.61

          3 |      1,544        6.68       98.30

          4 |        153        0.66       98.96

          5 |         47        0.20       99.16

          6 |        122        0.53       99.69

          7 |         11        0.05       99.74

          8 |         12        0.05       99.79

          9 |         10        0.04       99.84

         10 |          3        0.01       99.85

         11 |          1        0.00       99.85

         12 |          7        0.03       99.88

         16 |          1        0.00       99.89

         25 |          1        0.00       99.89

         33 |          1        0.00       99.90

         46 |          1        0.00       99.90

         47 |          1        0.00       99.90

         50 |          1        0.00       99.91

         52 |          1        0.00       99.91

         53 |          1        0.00       99.92

         54 |          1        0.00       99.92

         59 |          1        0.00       99.93

         60 |          1        0.00       99.93

         65 |          1        0.00       99.94

         66 |          2        0.01       99.94

         77 |          1        0.00       99.95

         89 |          1        0.00       99.95

         98 |          1        0.00       99.96

        104 |          1        0.00       99.96

        113 |          1        0.00       99.97

        117 |          1        0.00       99.97

        133 |          1        0.00       99.97

        218 |          1        0.00       99.98

        270 |          1        0.00       99.98

        284 |          1        0.00       99.99

        315 |          1        0.00       99.99

        323 |          1        0.00      100.00

        330 |          1        0.00      100.00

------------+-----------------------------------

      Total |     23,099      100.00

Shampoo

. tabulate qbought if sale==0

  Number of |

      units |

  purchased |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |        246       97.23       97.23

          2 |          7        2.77      100.00

------------+-----------------------------------

      Total |        253      100.00

. tabulate qbought if sale>0

  Number of |

      units |

  purchased |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |        310       69.35       69.35

          2 |        129       28.86       98.21

          3 |          2        0.45       98.66

          4 |          2        0.45       99.11

          6 |          1        0.22       99.33

          7 |          1        0.22       99.55

          8 |          1        0.22       99.78

         14 |          1        0.22      100.00

------------+-----------------------------------

      Total |        447      100.00

ShavingGel

. tabulate qbought if sale==0

  Number of |

      units |

  purchased |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |        123       91.79       91.79

          2 |         10        7.46       99.25

          3 |          1        0.75      100.00

------------+-----------------------------------

      Total |        134      100.00

. tabulate qbought if sale>0

  Number of |

      units |

  purchased |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |        602       63.70       63.70

          2 |        327       34.60       98.31

          3 |          1        0.11       98.41

          4 |          7        0.74       99.15

          5 |          1        0.11       99.26

          6 |          1        0.11       99.37

          7 |          1        0.11       99.47

          9 |          1        0.11       99.58

         11 |          1        0.11       99.68

         15 |          1        0.11       99.79

         16 |          1        0.11       99.89

         22 |          1        0.11      100.00

------------+-----------------------------------

      Total |        945      100.00

Wieners-SB
. tabulate qbought if sale==0

  Number of |

      units |

  purchased |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |        572       85.89       85.89

          2 |         77       11.56       97.45

          3 |          7        1.05       98.50

          4 |          5        0.75       99.25

          5 |          1        0.15       99.40

          6 |          1        0.15       99.55

          8 |          1        0.15       99.70

         10 |          2        0.30      100.00

------------+-----------------------------------

      Total |        666      100.00

. tabulate qbought if sale>0

  Number of |

      units |

  purchased |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |      1,809       50.46       50.46

          2 |      1,584       44.18       94.64

          3 |         41        1.14       95.79

          4 |         93        2.59       98.38

          5 |         13        0.36       98.74

          6 |         20        0.56       99.30

          7 |          3        0.08       99.39

          8 |          8        0.22       99.61

          9 |          3        0.08       99.69

         10 |          3        0.08       99.78

         12 |          1        0.03       99.80

         20 |          2        0.06       99.86

         24 |          1        0.03       99.89

         31 |          1        0.03       99.92

         48 |          1        0.03       99.94

        100 |          1        0.03       99.97

        158 |          1        0.03      100.00

------------+-----------------------------------

      Total |      3,585      100.00
Wieners-OM

. tabulate qbought if sale==0

  Number of |

      units |

  purchased |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |      6,914       93.32       93.32

          2 |        424        5.72       99.04

          3 |         49        0.66       99.70

          4 |         12        0.16       99.87

          5 |          4        0.05       99.92

          6 |          3        0.04       99.96

          8 |          2        0.03       99.99

         10 |          1        0.01      100.00

------------+-----------------------------------

      Total |      7,409      100.00

. tabulate qbought if sale>0

  Number of |

      units |

  purchased |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |     11,945       62.47       62.47

          2 |      6,690       34.99       97.45

          3 |        150        0.78       98.24

          4 |        251        1.31       99.55

          5 |         10        0.05       99.60

          6 |         37        0.19       99.80

          7 |          3        0.02       99.81

          8 |         10        0.05       99.86

          9 |          1        0.01       99.87

         10 |          1        0.01       99.87

         12 |          2        0.01       99.88

         14 |          2        0.01       99.90

         23 |          3        0.02       99.91

         43 |          1        0.01       99.92

         47 |          1        0.01       99.92

         55 |          1        0.01       99.93

         59 |          1        0.01       99.93

         68 |          1        0.01       99.94

         69 |          1        0.01       99.94

         83 |          1        0.01       99.95

         85 |          1        0.01       99.95

         89 |          1        0.01       99.96

         97 |          1        0.01       99.96

         98 |          1        0.01       99.97

        114 |          1        0.01       99.97

        120 |          1        0.01       99.98

        130 |          1        0.01       99.98

        161 |          1        0.01       99.99

        170 |          1        0.01       99.99

        175 |          1        0.01      100.00

------------+-----------------------------------

      Total |     19,122      100.00

Probit Models

Bologna

. probit even qadvert

Iteration 0:   log likelihood = -2521.7266

Iteration 1:   log likelihood =  -2303.371

Iteration 2:   log likelihood = -2293.4405

Iteration 3:   log likelihood = -2293.3353

Iteration 4:   log likelihood = -2293.3352

Probit estimates                                  Number of obs   =       4721

                                                  LR chi2(1)      =     456.78

                                                  Prob > chi2     =     0.0000

Log likelihood = -2293.3352                       Pseudo R2       =     0.0906

------------------------------------------------------------------------------

        even |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   1.141977   .0604236    18.90   0.000     1.023549    1.260405

       _cons |  -2.796612   .1140985   -24.51   0.000    -3.020241   -2.572983

------------------------------------------------------------------------------

. probit even_gt2 qadvert

Iteration 0:   log likelihood = -34.617348

Iteration 1:   log likelihood =  -32.85138

Iteration 2:   log likelihood = -32.846597

Iteration 3:   log likelihood = -32.846596

Probit estimates                                  Number of obs   =         50

                                                  LR chi2(1)      =       3.54

                                                  Prob > chi2     =     0.0599

Log likelihood = -32.846596                       Pseudo R2       =     0.0512

------------------------------------------------------------------------------

    even_gt2 |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   .8314708   .4520262     1.84   0.066    -.0544843    1.717426

       _cons |  -1.436056   .8331841    -1.72   0.085    -3.069067    .1969547

------------------------------------------------------------------------------

CatFood
. probit even qadvert

Iteration 0:   log likelihood =  -51349.57

Iteration 1:   log likelihood =  -49129.22

Iteration 2:   log likelihood = -49107.644

Iteration 3:   log likelihood = -49107.636

Probit estimates                                  Number of obs   =      94245

                                                  LR chi2(1)      =    4483.87

                                                  Prob > chi2     =     0.0000

Log likelihood = -49107.636                       Pseudo R2       =     0.0437

------------------------------------------------------------------------------

        even |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   .3400928   .0052634    64.61   0.000     .3297767    .3504089

       _cons |  -1.546077   .0138794  -111.39   0.000     -1.57328   -1.518874

------------------------------------------------------------------------------

. probit even_gt2 qadvert

Iteration 0:   log likelihood = -21730.224

Iteration 1:   log likelihood = -20221.101

Iteration 2:   log likelihood = -20220.559

Probit estimates                                  Number of obs   =      33742

                                                  LR chi2(1)      =    3019.33

                                                  Prob > chi2     =     0.0000

Log likelihood = -20220.559                       Pseudo R2       =     0.0695

------------------------------------------------------------------------------

    even_gt2 |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   .4318226   .0079273    54.47   0.000     .4162854    .4473597

       _cons |  -.6437436   .0204222   -31.52   0.000    -.6837705   -.6037168

------------------------------------------------------------------------------

Cereal

. probit even qadvert

Iteration 0:   log likelihood = -10949.297

Iteration 1:   log likelihood = -10324.025

Iteration 2:   log likelihood =  -10294.64

Iteration 3:   log likelihood = -10294.351

Iteration 4:   log likelihood = -10294.351

Probit estimates                                  Number of obs   =      18596

                                                  LR chi2(1)      =    1309.89

                                                  Prob > chi2     =     0.0000

Log likelihood = -10294.351                       Pseudo R2       =     0.0598

------------------------------------------------------------------------------

        even |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   1.120154   .0352543    31.77   0.000     1.051057    1.189251

       _cons |  -2.687694   .0680735   -39.48   0.000    -2.821115   -2.554272

------------------------------------------------------------------------------

. probit even_gt2 qadvert

Iteration 0:   log likelihood = -342.87045

Iteration 1:   log likelihood = -337.21873

Iteration 2:   log likelihood = -337.06816

Iteration 3:   log likelihood = -337.06767

Probit estimates                                  Number of obs   =        498

                                                  LR chi2(1)      =      11.61

                                                  Prob > chi2     =     0.0007

Log likelihood = -337.06767                       Pseudo R2       =     0.0169

------------------------------------------------------------------------------

    even_gt2 |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   1.264471   .4117143     3.07   0.002     .4575258    2.071416

       _cons |  -2.375243   .8174313    -2.91   0.004    -3.977379   -.7731066

------------------------------------------------------------------------------

Chips
. probit even qadvert

Iteration 0:   log likelihood = -26043.658

Iteration 1:   log likelihood = -24634.535

Iteration 2:   log likelihood = -24600.065

Iteration 3:   log likelihood = -24599.983

Probit estimates                                  Number of obs   =      58714

                                                  LR chi2(1)      =    2887.35

                                                  Prob > chi2     =     0.0000

Log likelihood = -24599.983                       Pseudo R2       =     0.0554

------------------------------------------------------------------------------

        even |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   .7891957    .015707    50.24   0.000     .7584104    .8199809

       _cons |  -2.355186   .0288469   -81.64   0.000    -2.411725   -2.298647

------------------------------------------------------------------------------

. probit even_gt2 qadvert

Iteration 0:   log likelihood = -411.79029

Iteration 1:   log likelihood = -402.20388

Iteration 2:   log likelihood = -402.16599

Iteration 3:   log likelihood = -402.16599

Probit estimates                                  Number of obs   =        608

                                                  LR chi2(1)      =      19.25

                                                  Prob > chi2     =     0.0000

Log likelihood = -402.16599                       Pseudo R2       =     0.0234

------------------------------------------------------------------------------

    even_gt2 |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |    .625547   .1462446     4.28   0.000     .3389128    .9121811

       _cons |  -1.376252   .2758787    -4.99   0.000    -1.916964   -.8355396

------------------------------------------------------------------------------

Gatorade
. probit even qadvert

Iteration 0:   log likelihood =   -6672.76

Iteration 1:   log likelihood = -6512.6121

Iteration 2:   log likelihood = -6501.4541

Iteration 3:   log likelihood = -6501.2808

Iteration 4:   log likelihood = -6501.2807

Probit estimates                                  Number of obs   =      28619

                                                  LR chi2(1)      =     342.96

                                                  Prob > chi2     =     0.0000

Log likelihood = -6501.2807                       Pseudo R2       =     0.0257

------------------------------------------------------------------------------

        even |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   .3571225    .022352    15.98   0.000     .3133134    .4009316

       _cons |  -2.521508   .0647538   -38.94   0.000    -2.648423   -2.394593

------------------------------------------------------------------------------

. probit even_gt2 qadvert

Iteration 0:   log likelihood = -827.08697

Iteration 1:   log likelihood = -807.32114

Iteration 2:   log likelihood = -807.12708

Iteration 3:   log likelihood = -807.12708

Probit estimates                                  Number of obs   =       2066

                                                  LR chi2(1)      =      39.92

                                                  Prob > chi2     =     0.0000

Log likelihood = -807.12708                       Pseudo R2       =     0.0241

------------------------------------------------------------------------------

    even_gt2 |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   .3848803   .0595982     6.46   0.000       .26807    .5016905

       _cons |   .0035814   .1711247     0.02   0.983    -.3318168    .3389796

------------------------------------------------------------------------------

Shampoo

. probit even qadvert

Iteration 0:   log likelihood = -351.66353

Iteration 1:   log likelihood = -308.08056

Iteration 2:   log likelihood = -305.07862

Iteration 3:   log likelihood = -304.98633

Iteration 4:   log likelihood = -304.98617

Probit estimates                                  Number of obs   =        700

                                                  LR chi2(1)      =      93.35

                                                  Prob > chi2     =     0.0000

Log likelihood = -304.98617                       Pseudo R2       =     0.1327

------------------------------------------------------------------------------

        even |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   1.391185   .1736735     8.01   0.000     1.050791    1.731579

       _cons |  -3.307414   .3301342   -10.02   0.000    -3.954465   -2.660363

------------------------------------------------------------------------------

. probit even_gt2 qadvert

note: qadvert dropped due to collinearity

Iteration 0:   log likelihood = -5.2925059

Probit estimates                                  Number of obs   =          8

                                                  LR chi2(0)      =      -0.00

                                                  Prob > chi2     =          .

Log likelihood = -5.2925059                       Pseudo R2       =    -0.0000

------------------------------------------------------------------------------

    even_gt2 |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

       _cons |   .3186394   .4513857     0.71   0.480    -.5660603    1.203339

------------------------------------------------------------------------------

ShavingGel
. probit even qadvert

Iteration 0:   log likelihood = -677.68234

Iteration 1:   log likelihood = -652.23557

Iteration 2:   log likelihood = -651.19224

Iteration 3:   log likelihood = -651.18525

Iteration 4:   log likelihood = -651.18525

Probit estimates                                  Number of obs   =       1079

                                                  LR chi2(1)      =      52.99

                                                  Prob > chi2     =     0.0000

Log likelihood = -651.18525                       Pseudo R2       =     0.0391

------------------------------------------------------------------------------

        even |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   .5373238   .0831589     6.46   0.000     .3743352    .7003123

       _cons |  -1.979496   .2423766    -8.17   0.000    -2.454546   -1.504447

------------------------------------------------------------------------------

. probit even_gt2 qadvert

note: qadvert != 3 predicts failure perfectly

      qadvert dropped and 1 obs not used

Iteration 0:   log likelihood = -10.585012

Probit estimates                                  Number of obs   =         16

                                                  LR chi2(0)      =       0.00

                                                  Prob > chi2     =          .

Log likelihood = -10.585012                       Pseudo R2       =     0.0000

------------------------------------------------------------------------------

    even_gt2 |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

       _cons |   .3186394   .3191779     1.00   0.318    -.3069378    .9442165

------------------------------------------------------------------------------

Wieners-SB
. probit even qadvert

Iteration 0:   log likelihood =  -2896.833

Iteration 1:   log likelihood = -2741.0673

Iteration 2:   log likelihood = -2737.8156

Iteration 3:   log likelihood = -2737.8096

Probit estimates                                  Number of obs   =       4251

                                                  LR chi2(1)      =     318.05

                                                  Prob > chi2     =     0.0000

Log likelihood = -2737.8096                       Pseudo R2       =     0.0549

------------------------------------------------------------------------------

        even |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   1.076303   .0651689    16.52   0.000     .9485742    1.204032

       _cons |   -2.20682   .1251882   -17.63   0.000    -2.452185   -1.961456

------------------------------------------------------------------------------

. probit even_gt2 qadvert

Iteration 0:   log likelihood = -132.56457

Iteration 1:   log likelihood = -131.77918

Iteration 2:   log likelihood = -131.77903

Probit estimates                                  Number of obs   =        209

                                                  LR chi2(1)      =       1.57

                                                  Prob > chi2     =     0.2100

Log likelihood = -131.77903                       Pseudo R2       =     0.0059

------------------------------------------------------------------------------

    even_gt2 |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   .4003255   .3185351     1.26   0.209    -.2239919    1.024643

       _cons |  -.3265342   .6158028    -0.53   0.596    -1.533485    .8804171

------------------------------------------------------------------------------

Wieners-OM

. probit even qadvert

Iteration 0:   log likelihood =  -15745.15

Iteration 1:   log likelihood = -14297.291

Iteration 2:   log likelihood = -14235.673

Iteration 3:   log likelihood =  -14235.08

Iteration 4:   log likelihood =  -14235.08

Probit estimates                                  Number of obs   =      26531

                                                  LR chi2(1)      =    3020.14

                                                  Prob > chi2     =     0.0000

Log likelihood =  -14235.08                       Pseudo R2       =     0.0959

------------------------------------------------------------------------------

        even |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   1.215518   .0249823    48.66   0.000     1.166554    1.264483

       _cons |  -2.773176   .0473211   -58.60   0.000    -2.865924   -2.680428

------------------------------------------------------------------------------

. probit even_gt2 qadvert

Iteration 0:   log likelihood = -377.76696

Iteration 1:   log likelihood = -358.89502

Iteration 2:   log likelihood = -358.80197

Iteration 3:   log likelihood = -358.80196

Probit estimates                                  Number of obs   =        558

                                                  LR chi2(1)      =      37.93

                                                  Prob > chi2     =     0.0000

Log likelihood = -358.80196                       Pseudo R2       =     0.0502

------------------------------------------------------------------------------

    even_gt2 |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

     qadvert |   1.018179   .1714216     5.94   0.000     .6821992    1.354159

       _cons |  -1.681629   .3277358    -5.13   0.000     -2.32398   -1.039279

------------------------------------------------------------------------------
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