FORECASTING-SALES OF A NEW CONSUMER DURABLE
+JOHN B. HAUSER, JOHN H. ROBERTS, and GLEN L. URBAN —

This paper presents a modeling and measurement methodology for forecasting
sales of a nev durable product before introduction in the market. Because the
forecasts are based on laboratory measurements taken whea the product is still in
the prototype stage, the aethodology provides useful loputs for strategic
decisiors on: (1) whether or not to produce the product, (2) how to improve the
product, and (3) how to position, price, and promote the product. The model
integrates economie, existing satock, econometric, multiattribute, and diffusion
of innovation theory within a test/control laboratory experiment.

We report our initial model and measurement experience with both a mini-test
and a full-scale test for forecasting the sales of 1985 automobiles. We also
Treport top-line analyses based on the mini-test (two-hour interviews with elighty
consumers}. We show ratings prior to and after test drives and we present the
effect of positive and negative word-of-mouth/magazine reports. We close with a
brief discussion of our on-going research.

l. PERSPECTIVE

It is an interesting intellectual and managerially relevant challenge to accurately forscast
sales of a new consumer durable when observations are taken based only on prototypes or pre-production
models of the product.

Inportant

For durable products such as automobiles, the manufacturer must commit significant capital in
plant and equipment to develop and produce a new product. For example, Ford reecently committed
approximately one billion dollars for the launch of the Tezpo and Topaz models. But this production
investoent 1s made prior to launch, privr to even an initial sales history. Furthermore, such
lovestments are high risk. Success can mean large profits and rewards to managers who were involved.
Failure can mean nillions of dollars in leosses, slgnificant layoffs, and a stipma to mapagers who were
invalved. Any model and measurement methodology that can reduce the risk of failure and provide
diagnostic information with which to emhance the probabilicy and magnitude of success will become a
valuable resource to managers. It need not predict prefectly, but must predict better than judgment or
trend aoalysis based on past new products.

Challenging

Forecasta are made based on prototypes and a number of years before launch. For example, in
this paper we report results based on a January 1983 measurement for a 1985 automobile. Furthermore,
these measurements are based, in part, on consumer reaction to a hand-built prototype. Between now and
1985, we can expect (1) the prototype to be improved, (2) exciting advertising copy to be developedl,
(3) new comperition to enter the market, and (4) economic, social, and political conditions to change.
All these challenges must be faced in developing a forecast.

In forecasting for expensive durables, like automobiles, we must address a number of
challenging consumer behavior phenomena that are particularly prevalent for expensive durables. Theae
phenomena include budget effects, diffuston/word of mouth, existing stock, product positioning,
competition, and economic conditions. There are other phenomena, but we feel these are the most
ioportant and we choose to address them first,

Budget Effects. Durables are expensive and, therefore, most consumers zllocate significant
fracrions of their budgets to purchase durables. Thus, a new, more expensive automobile 1s competing
with other items such as air conditfoners, home video Bystema, and personal computers.

Diffusion/Word of Mouth. Figure 1 15 the sales history of the Ford Granada. Note the rapid
growth to a peak over the first year after introduction, and a steady decline thereafter. Without
knowing more, we cannot attribute causality to the curve, but we do note that such a sales nisrory 1is
reminiscent of diffusion theory. Thus, at the very least, we must consider diffusion phenomena and
word-of-mouth in forecasting lifecycle sales of a new automobile.

Existing Stock. Filgure 2 ig a plot of the percent of new car purchases versus the age of car
‘traded-in to purchase the new car. HNotice the peak at three years and the low percentages after six
years. Figure 2 does nor attribute causality, but it does caution us that the sales of any class of
automobiles, say luxury cars, will depend upon the age of the luxury cars now held by the population.
Durables depreciate in value, become obsolete, and &imply wear out. The older a consumer's car, the more
likely we expect him to demand & replacement.

1 The advertising agency was given the prototype only days before we were given it for resting.

+ Massachusetrs Institute of Technology
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FIGURE 1: EXAMPLE OF DIFFUSION PHENOMENA

Competition. Mercedes Benz 15 planning 2 new "mini~Benz” to compete for a lower cost segment
of the market, Toyota and Nissan are updating their product lines, and Chrysler and Ford are downsizing
and revamping their offerings. All of these moves will affect sales of luxury autos in 1985« For
example, 1f we consider a 1983 Buick, it is not sufficient to measure consumers' reactions to the new
Buick vis-a-vis today's market, but we must take measures that allow us to simulate competition in the
1985 marketr.

Economic conditions. 041 prices went up dramatically after 1974 and caused a switch to
smaller cars, 1in 1982-1983, there was an oil glut causing some people to reconsider larger cars. From
1980-1983 interest rates remained high suppressing automobile sales. (Well over 50 percent of new car
purchases are financed.) From 1981-1983 we were in a global recession and auto sales were lowe In June
1983, we appear to be recovering from the recession and auto sales are picking up. Economic forecasts

 for auto industry sales in 1985 are greater than current sales levels, but our consumer ceasures were
taken in January 1983 at a time when unemployment was over 10 percent and fear of unemploymect was high.
Thus, we must be able to adjust our sales forecasts for changes in economlc conditions.

All of these issues are exciting and interesting challenges for marketing science. There are
many ways that one could address these issues. The true art is to develop a feasible model that canm
address these challenges within measurement, information, and data cost consideratifons. In this paper,
we outline onme attempt. In this model, we have made a number of tradeoffs that we feel were justified.

Other researchers may have made other tradeoffs. Therefore, we present our initial model with the
recognition that it will evolve over time.

2. GOALS OF THE MODEL

Our primary goal is to develop a managerial tool which can be used to understand the appeal of a
nev consumer durable and to develop a forecast that is adequate for planning purpeses. We waat this
tool to be capable of ioplementation, thus:

(1) the measurement task must be feasible for responderte,

(2) the managerial inputs, e.g=, prototype, word of mouth, videotape,
etc., must be available,

(3) the measurement and analysis cost must be reascnabie,
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== Yet,

: | (4) bsufficient measures cust be taken to deal with budget effects,
- A i diffusion/word of mouth, existing stock, competition, and
o economic conditiens, and

aa i (5) sufficient redundancy cust be built into the measurement to allow
us to have faith in strategic plans based on our analysis.

a1 ' Clearly, such measurement and analysis are not easy. We report in this paper on the results of 18
50 monthe of pre-measures, a pretest, a mini-test, and a full-scale test of the measurement and model
55 i system. We feel that many of our measurements are quite innovative. T

Designing a feasible managerial tool 1s only one of our goals. We also need a sound forecasting
bl | wmodel so we choose to base our work upon an integration of economic and marketing theories. In
‘ particular, we draw upon economlc theory to model consumer purchasing within a budget constraint and
E consumer behavior theory to cake the general economic model feasible. We draw upon multiattributed von
o ! Neumann-lorgenstern utility theory to explicity model risk and the effects of improved information.
Lt i And, we draw upon the diffusion modeling literature to motivate predictions which are sensitive to
61 lifecycle phenomena.

[ 3. BASIC MODELING APPROACH

6n i Our basic modeling approach is illustrated in Figure 3. We have chosen to explicitly medel

e industry demand and brand chclce. In our application to the auto industry, this decoupling makes good
sense. Any new model will capture a small ghare of total market. Thus, it will have some effect on
e total demand, but that effect will be small relative to other approximations inherent in our modeling
i , effort. In other durables, 2 new breakthrough brand will cause industry sales to growe. Witness the
T i effect of the IBM/PC on perscaal computers. Thus, we include a module at the end of our measurement
=1 f procedure to allow us to capture this phenomena. One of the strengths of this approach is that

» { diffusion effects are modeled at both the market share (brand choice) level and also at the industry

} sales level using linkages between the two models.

- Figure 3 also indicates that we have chosen a convergent approach to forecasting. For both

=y industry demand and for brand choice, we use three semi-independent approaches. We hope that by

o comparing the forecasts from each approach, we can better understand and identify the potential

- strengthe and weaknesses of each approach. In this way, we hope to evolve our model with experience
and improve our measures in each module. Such a convergent approach has proven extremely successful in
prelaunch forecasting for consumer frequently purchased items (Silk and Urbanm, 1978; Urban and Katz,
1983), and we hope to repeat that success herea
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FIGURE 3: BASIC MODELING APPROACH

We now briefly describe the details of each module.

Industry Demand

Econometric Model. The standard method of forecasting industry demand is through one of the large
econonetric models. For example, Wharton Econometric Forecasting Associates forecast 9.2 million
automobiles will be sold in 1983, 10.6 in 1984, and 10.6 in 1985 (Auto News, May 9, 1983). For our
purposes, we take thie forecast as an inmput which we will ultimately compare to forecasts based on our
other models.

Value Priority Model. This component is an empirical implementation of a theoretical model Hauser
and Urban (1982} developed to merge economic theory and consumer behavior theory ianto a feasible
algorithm for forecasting the sales of a new durable category. In our case, we use the model to
forecast for the category, “automobiles™.

The basic fdea behind this model is that consumers maximize utility subject to a constraint on
their budget. Under conditions of separable urility, it 1s easy to show that when search and
evaluation costs are considered, a value-priority algorithm (defined below) is a good approximation to
a maximum utility algorithm. DBy "value-priority” we mean that the consumer determines the marginal
utility due te purchasing a durable, u, and ranks all possible durables in terms of value, u/p, where p
is the marginal price of the durable. A consumer will purchase durables as long as value exceeds the
shadow price, A, of his budget constraint, i.e., as long as u/p > . For example, he might rank
the following durables in terms of value as shown in Figure 4:

BEDROOM SET
DISHWASHER

STORM WINDOWS
BETAMAX

BUDGET CONSTRAINT ()
AUTOHOBILE

SEWING MACHINE

HOME SECURITY SYSTEM
VIDEO DISK

Figure 4: Buying Priority Example
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He would purchase only those that are above A. As shown above, he would not purchase an
automoblle if its value were below his budget cutoff. In order for him to purchase the automobile, it
would have to rise in value (higher urility aand/or lower price) or his budget would have to expand
(lower ). Sy

. -

Hauser and'Urban (1982) show that the model can be extended to include borrowing, interest rates,
depreciation, operating costs, price expectations, quality improvecent expectations, replacement, and
limited complementarity and substitutability. For example, if u gr were the utility expected from
purchasing the Lth version of durable j in period t, if Pjt were the expected price, R the interest
rate, vy the depreciation rate of durable j, e o the operating cost o periods after purchase of j,
and if "J indexes the eristing stock version ng durable j, thea the consumer would rank all durables and
times of purchasing according to:
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where T 1s the end of the planning period and r is the age of the existing stock at t = o.

Thus, the simplicity of the algorithm extends to encompass complex pheonomena, but the calculation of
"value rank” shown in equation one becomes complex. In our siruation, the challenge 18 to measure
Uigper Yggs Pips PJs Yis Yi» Cygs CIg» T, R, and the budget curoff as perceilved by
the consumer. We descéribe meisurement below.

Existing Stock Model. The basic idea behind the exlsting stock model is that consumer will purchase a
gew durable when the net increase in value due to upgrading exceeds the opportunity cost of meney required
(Roberts, 1983), Consider a durable class such as automobiles. Let ElUp be the expected utility
obtained by owning brand b and let EUy be the expected utility left over the life of the existing
Btock. Let py be the price of brand b and let Pe be the price obtained 1f the existing stock 1s sold
(traded-in). Assume for the moment that operating costs are the saze for all brands and for the existing
stock and there are no transaction costs. Then, if A is the opportunity cost {shadow price) of the
budget constraint, and if utility 1s properly scaled the consumer will purchase a new brand if

EU, - EU ‘
max £ > A (2)
b Py ~ Pe

or rewrlting under alternative aasuﬁptions based on consumer surplus:
Haxy, { EUy - Apy} > EU, - AP, (3)

We can easily extend equations (2) and (3) by subscripting all tercs by t and including operating costs in

net prices. Finally, 1f we include depreciation explicitly in net utility and defipe Ae ™ (1 +R)T 'tx,
we see that equations (2) and (1) are algebralcally equivalent.

However, we operationalize equation (2) quite differently. With equation (2} we foc@is our questions
on existing holdings. The consumer is asked questions which allow us to Infer EUy and EU, directly
and allow us to compute net price (including operating costs). As uperationalizeg, equatfoa (2) gives us
a forecast of that component of sales due to replacement. For automobiles, this 15 a significant fraction
(75% in Figure 2}, hence it is a valuable puaber for managements For first purchasers, existing stock 18
of zero utility and has zero trade-in value so equation (2) degenerates to the simplest form of the value
priority model; the requirement for an auto purchase being that U/p > A

To model the left hand term in equation (2), the maximum over brands, we elther

(1) ask the consumer to imagine the best utility-price combination obtainable from a new
automobile (durable of target class), or

(2) wodel the maximum utility-price combination using a choice hierarshy approachs The most
common method of applying this approach is the nested logit model®. See Guadagni
(this conference) or Ben-Akiva and Lerman (1977). It 1s through such a model that
diffusion effects at the brand level will be translated into the diffusion effects at
the {ndustry sales level.

For application to automobile demand, we ask detailed questions on existing stock. We then determine
those automobiles in the consumer's consideration set and ask hia detafled questions about those
automobiles and about the automobile prototype we are testing. This question format provides the data
neceasary for the nested loglt approach.

2 1 the nested logit we assume double-exponential errers. The net result is that we replace

-max {EUy~App} with log [(Zy exp(EUp — App)] in the logit model.
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Consider the brand choice problem ilmplicit in equations (1), (2}, and (3). The consumer will choose
the brand, b, that maximizes expected value.

Following Currim and Sarirn (1983), we assume that utility is given by a von Neumann-Morgenstecn

' utility fugction and that risk can be modeled by a constant risk averse form based on & "measurable value
i

function™.” We let

up = 1 —exp(-rv,/Py) (4
where up ia the utility of brand b, r is a risk parameter, and vy 1s & measurable value function for
brand b and Py 15 the price of the brand. This function begins at the origin and approaches 1.0
asymptotically.

We further assume that the consumer 1s uncertaln about the value, vy, he will obtain from Braud b,

+ and that this uncertainty can be characterized by a normal distribution with mean, Yy, and variancé,

» Recognlzing that we can use Laplace tranforms to compute the expected utility (see Keeney and

. Reiffa, 1976, p. 202), we get:

Eup = 1 ~exp(-rpp/Pp + r2of/2P}) (5]
Thus, erpected utility is momotomic in the follewing expression:
(u, = 102/2)/p (6
Hy b b

Finally, if we assume that the measurable value function is linear in product attributes, we have the
conditfon that the consumer will choose the product that maximizes

(Zwy xy - Tof/2)/E) &3]
where
W = lmportance welght of the kth attribute
Xhr = expected level of the kth attribute for the bth brand
a% = varlance in expected value for the bth brand.

Equation (7) is linear in the unknown parameters, thus we can readily model the probability that brand b
maximizes the expresion. For example, if errors are double exponential, we use the logit model. If
errors are normal, we use the probit model,

We now consider the effect of information. Suppose that the consumer recelves n; bits of information
on brand b from other consumers or from published sources. Suppose further that he credits his prior
beliefs as the equivalent of ng bits of information. Let Upg and 0%0 be his pricr beliefs
about brand b. Let Vyy be his observed bits of information from the sources for i=1 to nj« Then
define:

Hp1 ™ (1/n1)21vbi
ohy = (=171 E4(vpg - ppp)?

Then, if we add the two sources of information, we get the following update formulae for the impact of mew
information:

b = (op + 0g)™L [ngppy + nguyol s
of = (ny + mg -1)71 [(n3-1)chy + (np -L)ofg +
nj_uzbl + ﬂoll%n - (n1+noJu%] (9)

: 1f we now substitute equations (8) and (9) into the expression in equation (7), we have the full

model,

3 The words "measurable value function™ are not to be confused with the werd "value” which we
take to mean utility divided by price. For details, see Currim and Sarin (1983)« An alternative

- fora under consideration for equation (4) i up = 1 - exp (-rVy + rAPy) which pestulates

that consuners maximize consumer surplus for each product rather than contribution per dollar.
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This paper presents a modeling and measurement methodology for forecasting
sales of a new durable product before introduction in the market. Because the
forecasts are based on laboratory measurements taken when the product is scill in
the prototype stage, the cethodology provides useful inputs for strategic
decislons on: (1) whether or not to produce the product, (2) how to improve the
product, and (3) how to position, price, and pramote the product. The model
integrates economic, existing stock, econometric, multiattribute, and diffusion
of innovation theory within a rest/control laboratory experiment.

We report our initial model and measurement experience with both a mini-test
and a full-scale test for forecasting the sales of 1985 automobiles. We also
report top-line apalyses based on the mini-test (two=hour interviews with eighty
consumers). We show ratings prior to and after test drives and we present the
effect of positive and negative word-of-mouth/magazine reports. We close with a
brief discussion of our on-going research.

l. PERSPECTIVE

It is an interesting intellectual and mapagerially relevant challenge to accurately forscast
sales of a new consumer durable when observations are taken based only on prototypes or pre-production
medels of the product.

Important

For durable products such as automobiles, the manufacturer must commit slgnificant capital in
plant and equipment to develop and produce a new product. For example, Ford recently committed
approximately one billlon dollars for the launch of the Tezmpo and Topaz models. But this production
investment is made prior to lauach, prior to even an inirial sales history. Furthermore, such
lavestments are high risk. Success can mean large profits and rewards to managers whe were involved.
Failure can mean nillions of dollars in losses, significant layoffe, and a stigma to managers who were
ilavelved. Any model and measurement methodology that can reduce the risk of failure and provide
dlagnostic informaction with which to enhance the probability and magnitude of success will become a
valuable resource to wanagerse Lt need not predict prefectly, but must predict better than judgment or
trend analysis based on past new products.

Challenging

Forecasts are nade based on prototypes and a number of years before launche For example, in
this paper we report results based on a January 1983 measurement for a 1985 automobile. Furtheromore,
these measurements are based, in part, on consumer reaction to & hand-built prototype. Betwecen now aand
1985, we can expect (1) the protorype to be improved, (2) exciting advertising copy to be develcpedl.
(3) new comperition to enter the market, and (4) economlc, social, and political conditions to change.
All rhese challenges must be faced in developing a forecast.

In forecasting for expensive durables, like automobiles, we must address a number of
challenging consumer behavior phenomena that are particularly prevalent for expensive durables. Theae
pPhenomena include budget effects, diffusion/word of mouth, exlsting stock, product positioning,
competition, and economic conditions. There are other phencmena, but we feel these are the most
dimportant and we choose to address them first.

Budget Effects. Durables are expensive and, therefore, most consumers allocate significant
fractions of their budgets to purchase durables. Thus, a new, more expensive automobile 18 competing
with other items such as air condicionere, home video Bystems, and personal computers.

Diffusion/Word of Mouth. Figure 1 is the sales history of the Ford Granada. WNote the rapid
growth to a peak over the first year after introduction, and a steady decline thereafter. Without
knowing more, we cannot actribute causality to the curve, but we do note that such a sales history is
reminiscent of diffusion theory. Thus, at the very least, we must coansider diffusicn phenomena and
word-of-mouth in forecasting lifecycle sales of a new automobile.

Existing Stock. Figure 2 1g a plot of the percent of new car purchases versus the age of car
‘traded-in to purchase the new car. Hotice the peak at three years and the low percentages after six
Years. Flgure 2 does nor attribute causality, but it does caution us that the sales of any class of
automobiles, say luxury cars, will depend upon the age of the luxury cara mow held by the population.
Durables depreciate in value, becone obsolete, and simply wear out. The older a consumer's car, the oore
likely we expect him to demand & replacement.

1 The advertising agency was given the prototype only days before we were given it for testing.

+ Massachusetrts Institute of Techooleoyy
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FIGURE 1: EXAMPLE OF DIFFUSION PHENOMENA

Competition. Mercedes Benz 15 planning 2 new "mini-Benz”™ to coompete for a lower cost segment
Lomp P 8 p

of the market, Toyota and Nissan are updating their product lines, and Chrysler and Ford are downsizing
and revamping their offerings. All of these moves will affect seles of luxury autos in 1985« Far
example, 1f we consider a 1985 Buick, it 15 not sufficient to measure consumers' reactions to the new
Buick vis-a-vis today's market, but we must take measures that allow us to simulate competition in the
1985 market.

Economic conditions. 01l prices went up d:umatically‘after 1974 and caused a switch to
smaller cars. 1o 1982-1983, there was an oll glut causing some people to reconsider larger cars. From
1980-1983 interest rates remained high suppressing automobile sales. (Well over 50 percent of new car
purchases are financed.)} From 1981-1983 we were in a global recession and auto sales were lov. Iz June
1983, we appear to be recovering from the recesslon and auto sales are picking up. Economic forecasts

_for auto induscry sales in 1985 are greater than current sales levels, but our consumer ceasures were

taken in January 1983 at a time when unemployment was over 10 percent and fear of unemployment was high.
Thus, we must be able to adjust our sales forecasts for changes 1n economic conditions.

All of these issues are exciting and interesting challenges for marketing ascience. There are

many ways that one could address these issues. The true art is to develop a feasible model that can
address these challenges within measurement, information, and data cost considerations. In this paper,
we outline one attempt. Io this model, we have made a number of tradeoffs that we feel were justified.

Other researchers may have made other tradeoffs. Therefore, we present our initial model with the
recognition that it will evolve over time.

2. GOALS OF THE MODEL

Our primary goal is to develop a managerial tool which can be used to understand the appeal of a
new consumer durable and to develop a forecast that i1s adequate for planning purposes. We want this
tool to be capable of ipplementation, thus:

(1) the measurement task must be feasible for respondente,

(2) the managerial inputs, e.g., prototype, word of mouth, videotape,
etc., muat be available,

(3) the measurement and analysle cost must be reasonable,
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Yet,

{4) sufficient measures must be taken to deal with budget effects,
diffusion/word of mouth, existing stock, competition, and
economic conditions, and

(5) sufficient redundancy must be built into the measurement to allow
us to have faith in strategic plans based on our analysis.

Clearly, such measurement and analysis are not easy. We report in this paper on the results of 1B
months of pre-measures, & pretest, a mini-test, and a full-gcale test of the measurement and model
system. We feel that many of our measurements are quite innovative.

Designing a feasible managerial tool is only one of our goals. We also need a sound forecasting
nodel 50 we choose to base our work upon an integration of economic and marketing theories. 1Im
particular, we draw upon econcmic theory to model consumer purchasing within a budget constraint and
consumer behavior theory te cake the general economic model feasible. We draw upon multiattributed von
Neumann-Morgenstern utility theory to explicity model risk and the effects of fmproved informatiomn.
And, we draw upon the diffusion modeling literature to motivate predictions which are sensitive to
lifecycle phenozena.

3« BASIC MODELING APPROACH

Our basic modeling approach is illustrated in Figure 3. We have chosen to explicitly model
industry demand and brand cheice. In our application to the auto industry, this decoupling makes good
sense. Any new model will capture a small share of total market. Thus, it will have some effect on
total demand, but that effect will be small relative to other approximatioas inhereant in our modeling
effort. In other durables, a new bremkthrough brand will cause industry sales to grows Witness the
effect of the 184/PC on personal computers. Thus, we include a module at the end of our measurement
procedure to allow us to capture this phenomena. One of the strengths of this approach is that
diffusion effects are modeled at both the market share (brand choifce) level and also at the industry
sales level using linkages between the two models.

Figure 3 also indicates that we have chosen a convergent approach to forecasting. FPor both
industry demand and for brand choice, we use three semi-independent approaches. We hope that by
comparing the forecasts from each approach, we can better understand and identify the potential
strengths and vezknesses of each approach. In thie way, we hope to evolve our model with experience
and improve our measures in cach module. Such a convergent approach has proven extremely successful ip
prelaunch forecasting for consumer frequently purchased items (Silk and Urban, 1978; Urban and Katz,
1983), and we hope to repeat that success here.
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FIGURE 3: BASIC MODELING APPROACH

We now briefly describe the details of each module.

Industry Demand

Econometric Model. The standard method of forecasting industry demand ia through one of the large
econometric models. For example, Wharton Econometric Forecasting Associates forecast 9.2 million
automobiles will be sold in 1983, 10.6 in 1984, and 10.6 in 1585 (Auto News, May 9, 1983). For our
purposes, We take this forecast as an input which we will ultimately compare to forecasts based on our
other models.

Value Priority Model. This component is an empirical implementation of a theoretical model Hauser
and Urbao (1982) developed to merge economic theory and consumer behavior theory into a feasible

algorithn for forecasting the sales of a new durable category. In our case, we use the model to
foreecast for the category, "automobiles”.

The basic idea behind this model 1s that consumers maximize urility subject to a constraint en
their budget. Under conditions of separable utility, it Is easy to show that when search and
evaluation costs are considered, a value-priority algorithn (defined below) is a good approximation to
8 maximum utility algorithm. By "value-priority” we mean that the consumer determines the marginal
utility due to purchasing a durable, u, and ranks all posaible durables in terms of value, u/p, where p
is the marginal price of the durable. A consumer will purchase durables as long as value exceeds the
shadow price, X, of his budget constraint, i.e., as long as u/p > A« For example, he might rank
the following durables in terms of value as shown in Figure 4:

BEDROOM SET
DISHWASHER

STORM WINDOWS
BETAMAX

BUDGET CONSTRAINT ()
AUTOMDBILE

SEWING MACHINE

HOME SECURITY SYSTEM
VIDEO DISK

Flgure 4: Buying Priority Example
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Brand Choice

Hultiattribute Diffusion Model —

Consider the brand cheice problem implicit in equations (1), (2), and (3). The consumer will choose
the brand, b, that maximizes expected value.

Following Currim and Sarin (1983), we assume that ¢tility is given by a von Neumann-Morgenstern

T utilicy fugction and that risk can be modeled by a constant risk averse foro based on & “measurable value

function™.” We let

up = 1 =exp(-rv,/Pp) (4)

where uy, 15 the utility of brand b, r is a risk parameter, and vy 18 a measurable value function for
brand b and Py is the price of the brand. This funetion begins at the origin and approaches 1.0
asymptotically.

We further assume that the consumer is uncertain about the value, vy, he will obtain from ﬂraud b,

- and that this uncertainty can be characterized by a normal distribution with mean, Hps and variance,

- Recognizing that we can use Laplace tranforms to compute the expected utility (see Keeney and

Raiffa, 1976, p. 202), we get:

Eup = 1 -exp(~rup/Pp + r20f/2Pp) (5}
Thus, expected u:llify ig monotonic in the followling expression:
(u, = ro2/2)/p (6)
b b b

Finally, 1f we assume that the measurable value function is linear in product attributes, we have the
condition that the consumer will choose the product that maximizes

(Ewy xp — Taf/2)/Py &p]
where
W = lmportance weight of the kth attribute
Xpk = expected level of the kth attribute for the bth brand
U% = variance in expected value for the bth brand.

Equation (7) is linear in the unknown parameters, thus we can readily model the probability that brasmd b
marimizes the expresion. For example, if errors are double exponential, we use the logit model. If
errors are normal, we use the probit model.

We now consider the effect of information. Suppose that the consumer recelves 0y bits of information
on brand b from other consumers or from putlished sources. Suppose further that he credits his prior
beliefs as the equivalent of np bits of information. Let up, and U%o be his prior bellefs
about brand b, Let vy be his observed bits of information from the sources for 1=1 to nj. Then
define:

Hp1 ™ (1/n3dIgvpy
ob1 = (a1-1)71 Iylvpg - ppp)?

Then, if we add the two sources of information, we get the following update formulae for the Impact of new
information:

wp = (ng + 0g)™L [nyppy + noupol Y
ob = (o3 + ng -1)"1 [(n3-1)cd1 + (ng -1)ofg +
npihy + noibg = (mptmglud) (9

: If we now substitute equations (8) and (9) into the expression in equatioa (7), we have the full

models

3 The words “measurable value function” are not to be confused with the word "value”™ which we

. take to mean utility divided by price. For details, see Currim and Sarin (1983). An alternative

form under consideration for equation (4) is up = 1 - exp (-rVy + rAPp) which postulates
that consumers maximize consumer surplus for each product rather than contribution per dollar.
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He would purchnse only those that are above A« As ghown above, he would not purchase an
automobile i1f its value were below his budget cutoff. In order for hic to purchase the automobile, it
would have to rise iu value (higher utility and/or lower price) or his budget would have to expand
(lower 2). St

e -

Hauser and’Urban (1982) show that the model can be extended to lnclude borrowing, interest rates,
depreciation, operating costs, price expectations, quality improvezeat expectationa, replacement, and
limited complementarity and substitutability. For example, 1f u;o. were the utility expected from
purchasing the 2th version of durable J in period t, if Pt were the expected price, R the interest
rate, y; the depreclarion rate of durable j, cén the operating cost n perlods after purchase of j,

and if "J indexes the existing stock version of durable j, thea the consumer would rank all durables and
times of purchasing according to:

LI it T
Uige qu L B G 1
. (1)
Tt Tt =t
r+t (1L +R)
P+ L e,=(p, vy, = Lc )
Jt o=l o T Mg =) J,r+tin

where 1t is the end of the planning period and r is the age of the existing stock ac t = o.

Thus, the simplicity af the algorithm extends to encompass complex pheonomena, but the caleulation of
“value rank” shown in equation one becomes complex. In our situation, the challenge 18 to measure
Ujper BJgs Pies BJs Y40 YJ» €4ps CJps T, R, and the budget eutoff 2s perceived by :
the consumer. We describe medsurement below.

Existing Stock Hodel. The basic idea behind the existing stock model is that consumer will purchase a
new durable when the net increase im value due to upgrading exceeds the opportunity cost of meney required
(Roberts, 1983). Consider a durable class such as automobiles. Let El, be the expected utility
obtained by owning brand b and let EUy be the expected utility left over the 1ife of the existing
Btock. Let py be the price of brand b and let p, be the price obtained if the exisring stock is sold
{traded-in). Assume for the moment that operating costs asre the saze for all brards and for the existing
stock and there are no transaction costs. Then, if X is the opportunity cost {shadow price) of the
budget constraint, and i1f utility is properly scaled the consumer will purchase a new brand if

EUb - EU
max £ > (2)
b Pp = Pe

or rewriting under alternative aasuﬁptious based on consumer surplus:
Haxy, { EUy - app} > EU, = Ap, (3)

We can easily extend equations (2) and (3) by subscripting all terzs by t and including operating costs ig

net prices. Finally, if we Iinclude depreciation explicitly in net utility and defime Ap = (1 + R)T ~Fy,
we see that equations (2) and (1) are algebraically equivalent.

However, we operationalize equation {2) quite differeantly. With eguation {2) we focds our questions
oo eristing holdings. The consumer is asked guestions which allow us to infer EUy and EU,_ directly
and allow us to compute net price (including operating costs). AS operationalized, equatfon (2) gives us
a forecast of that component of sales due to replacement. For autonobiles, this is a significant fraction
(75% in Figure 2}, hence it 1s a valuable number for management. For first purchasers, existing stock is
of zero utility and has zero trade-in value so equation (2) degenerates to the simplest form of the value
priority model; the requirement for an auto purchase being that U/p > A.

To model the left hand term in equation (2), the maximum over brands, we either

(1) ask the consumer to imagine the best utility-price coobipation obtainable from a new
automobile (durable of target class), or

(2) model the maximum utility-price combination using a cholce hierarﬁhy approach. The most
common method of applying this approach 1s the nested logit model®. See Guadagni
(this conference) or Ben-Akiva and Lerman (1977). It is through such a model that
diffusion effects at the brand level will be tranglated into the diffusion effects at
the industry sales level.

For application to automobile demand, we ask detailed questions on existing stock. We then deternine
those automobiles in the consumer's consideration set and ask him detailed questlons about those
automoblles and about the automobile prototype we are testing. This question format provides the data
necepsary for the nested loglt approach.

2 In the nested logit we assume double-exponential errors. The net result is that we replace
max (EUy-Apy} with log [ (I exp(EUp = App)] in the logit model.
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For application, we must measure (1) the perceived attributes of each brand in the
consideration set and (2) the perceived variation inm vy. Equations (8) and (9) then provide an

| explicit means by which to incorporate the mapnager's beliefs about the type of information that

will circulate about his product or alternatively, information from focus groups and other

! BOULCEB.

|

In our application, we measure Thks u%. and Py for existing automobiles in the
consideration set and for the protorype being tested. The dependent measure in the logit model ia
choice in the laborstory. For greater details on this model and for details of measurement and
application, see Roberts (1983).

Test/Control Experimental Design. When the new durable is essentially a replacement for
an existing offering by the manufacturer, we can compare the replacement and the existing
offerings head-on. This has the advantage that errors in measurement will be common to both the

— ; test and coantrol products. For exacple, no matrer how careful we are in measurement, we can

|

expect some Deasurement bias and/or "decand effect”. A test/control experimental design with

random assignment to either the replacezent or existing offering, is one very good way to control

for such potential errors.

To forecast, we must consider estimated sales by:

Peob
St,b - E % e (10)
t,c
where St b " sales for new product in b period t.
’
Pt p - estimated prefereace for new product b in period t.
]
Pt e - estimated preference for control product c in period t.
L
St " actual sales of the control product ¢ for period vhen
ol

measures were taken.

We can consider the preferences (Pt p and Py c) as belng estimated from the
1] ]

utility diffusion model above. As the diffusion and updating proceeds (Equafiuns 8 and 9),

the ratio of Fp p, to P will probably change. If the control car has been
1]

t,c

! in the market for some years, its preference will change little. But the preférence of the mew car should
| increase by diffusion of the innovation if it is a “good” car.

Equation 10 wust also be adjusted for other changes over time. The total industry volume and

i competitive effects can be ineluded as indices (values in period to those in period £,). The preference

i

values of equation 10 presume the fraction of consumers consldering the new and control products are the

8ame. An index can be used to reflect differences. With these effects, the forecasting equation becomes:

-

P:,b
8 - s VEKC (11)
t,b o t,c ttt
Pt,c o
where:

V¢ = volume index - total industry sales in period t divided by’
those in peried tg.

K, = competitive index - sales in period t with a specified set
of competitive products divided by the salea inm t with the
set of products in the initial period toe
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€t = fraction of target group considering new product in perioed t divided by fraction
considering control product in period tye.

For example, if in the first period of sales for the pew product (t=1985), the estimated preference
Py, b were .B for the new product and 1.0 for the control product, Lf existing sales in 1983 of the
coatrol product were 100,000 units, 1if the industry were growing (Volume inder 1.2), if there was stable
competition (Competitive index 1.0) and less consideration for the pew car (index ,9); the sales in 1985
* would be 86,400 units (.8 X 100,000 X 1.2 X 1.0 X .9).

Later in this paper, we illustrate the relationship of these indices to our measures by application to
a new model 1985 auto.

An Important consideration in the use of the preferences,P; 1 is the need to simulate the purchase
eavironment to the greatest extent feasible. For example, in olr automobile application, word of mouth,
magazine reviews (e.g., Consumer Reports, Road and Track, Car and Driver) and test drives all influence
consumers’ likelihood of purchasing. We simulate these phenomena as follows:

(1) Mord of Mouth. Consumers are randomly assigned to ome of two groups. Each group 1s shown a video
tape of three "consumers” describing their expeciemces with the car over a sir-month period.
Group One sees a tape in which comments are positive; Group Two sees a tape in which comments are
negative.

(2) | Hagazine Reviews. Each of two randonly assigned groups is given either a positive or a negative
review.

(3) [Test Drive. Consumers are actually allowed to test drive the automobile. If the prototype does
oot yet have a working engine, consumers are allowed to git in and exazine the car.

In our full-scale procedure, we took purchase measures based on (a) product concept, (b) after—test
drive, and (c) after word of mouth and magazine review expasure.

Hacro—flow Model

The last submodel in our prediction of brand choice is an explicit macro-flow model. As detailed in

. Urban and Hauser (1980), a macro-flow model is a get of behavioral states that describes the information
processing dynamics of a given consumer. The model is "macro” because we assume that CODSUmers are
houogeneous in the set of behavioral states. Thus, we need to measure and predict how many consumers will
flow from state to &tate in each period.

Since this subzmodel {5 still under development and since the technical details are contained in Urbag
and Hauser (1930}, we provide only a simplified example of the type of macro—flow model we are developing.

AUTO
BUYERS

{

FIT TARGET |[. HILL NOT
SEGMENT CON+SIDER N
Y

e o RECEIVE DO NOT A
HOM +/- RECEIVE WOM
Y ¥
VISIT
DEALER

/ DO NOT

—-—{Buy n BUY N

FIGURE 4: SIMPLIFIED EXAMPLE OF MACROFLOW DIAGRAM
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This completes our brief summary of the three industry sales and the three brand choice submodels shown
in Figure 1. Before describing our measurement and some initial results, we describe a pumber of design
challenges and how we handle these challenges within the theoretical framework.

4. DESIGN CHALLENGES

There are a number of challenges that must be faced in achieving a feasible prototype-based durable
forecasting system. These challenges include changing economic scenarios, new competition, the need for a
pseudo-purchase measure, the family decision nature of the choice, and the effects of search by the
consumer. There are a number of ways to handle these challenges. This section describes how we choose to
address them.

Economic Conditions

Within the value priority measurement, we had consumers specify all the products they intend to buy in
1983, 1984, 1985, aod later. They indicated expected price, expected utility, and reservation prices for
each product. Consumers were then randonmly assigned to one of four groups. Each group was given a new
economic scenario-—for example, a change in interest rates (up or down), or a change in salary. Each
group then indicated how they would modify their budget under the given scenaric. A convergent measure
asked respondeats the importance of economic couditions that may precipitate auto buying (e.g. changing
incomes, interest rates, or gas prices). These measures help specifly changes in industry volume and its
effect on sales of the new product (V; in Equatiom 11).

New Competition

Besides the target concept, each consumer was asked to evalute four other concept statements. These
four concepts were chosen from a fractional factorial conjoint erperimental design on features and brand
names. For measurement in our auto application, we chose:

Brand Names: Audi, Ford, Chrysler, Buick, Toyota, Nissan, Pontiac, Oldsmobiles
Body Type: Sedan, Econobox, Target Car-0ld, Target Car-New, Slippery Shape
Price: 3$8-10K, 910-12K, 412-16K

MPG: 15-25, 26-35, 3645

Doors: 2-door, “4=door, hatchback

Resale: 40X, 603, BOX of purchase price after 3 years

Yearly Maintenance: 3200, 3400, 34800

Features: Minimunm, Moderate, Loaded

Body type was implemented with line drawings, and “features™ with lists of features such as air
conditioning, power door locks, rear window defogger, etc.

Followlng procedures in Addelman (1962), we were able to reduce this deaign to an orthogonal structure
of 64 erossed with 8 Brand Names. Each consumer only saw four of the conjoint concepts, so we had to
estimate the conjolnt parameters across consumers. With these estimates we can simulate the effects of
new entrants or changes in competition on sales (see K, in Equation 11).

Purchase Measure
anssaRoe Meaaule:

Since only a few prototypes exist at the time of our measurement, we cannot observe true purchase.
Thus, we use instead a variety of hopefully convergent weasures of potential purchase. These include:

(1) Eleven point probability intent scales,

(2) Reservation prices, {i.e. price increase that tesults in an item being dropped from budget plan)
(3) Placement within the budget

(4) Ratio-scaled value points

(5) Rank orders among lottery prizes, and

(6) Attribute measures

These measures are inputs to the utility diffusion model (Equations 7-9) and the forecasting equation
(Equation 11).

Family Decision

Both husbands and wives were invited to the laboratory. In each measurement, including the test drive,
the spouses were encouraged to discuss their decisions and arrive at a joint decision. Yost found this
process enjoyable and felt that the answers represented their joint views. This is a very heuristic
approach to modeling family decision making, but we hcpe this approximation is suffieient for the managers
GO/NO GO forecasting requirements.
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By allowing consumers to exemine and tesat drive the automobiles, we simulated showroom visits. By
showing the consumers videotapes of other “consumers™, we simulated word of mouthe By showing consumers

" an “independent” safety and maintemance report, we slmulated information from sources such as Consumers

Reports, Car and Driver, or Road and Track. These measures are used to modify the preference for the new
product as diffusion proceeds Py, p in Equation 11.

5. MEASUREMENT

The basic measurement upon which our forecasts are based are twe-hour personal interviews with consumers
in a laboratory setting. Consumers were agked to complete B series of modules including a durable
purchase study, economic seenario analysis, inventories of currently cwmed cars, an auto buying process, a
consideration set and top choice evaluation, competitive scenario concepts, post-test drive evaluation,
and post-videotape/report evaluation. In this section we describe our initiel measurement effort as

| applied to autos.

Heasurement Tests and Pretests

Qualitative beginninps. We began with qualitative interviews at the 1981 Boston Auto Show. These
interviews, coupled with internal focus group studies, provided initial question wordings. Throughout
January to June 1982, we developed a serles of successively lmproved measurement instruments which were
modified based on convenience samples.

Pretest. Thirty consumers were run through a pretest in Troy, Michigan, in June 1982. The targer car
wvas the 1985 model. Full test drives were possible. Based on the pretest, the utility measurement
emerged as the most troublesome. Throughout Fall, 1982, we developed eight alternative measures which

« were then tested at the 1982 Boston Auto Show. OF these, a reservation price measurement and a 1-100+

value point scale proved to be the most feasible and consistent.

Mini-test, Eighty consumers were run through a laboratory elinie in Phoenix, Arizona, in January,
1983, The target car was a new 1985 model. Since the car was a raw prototype, test drives were nmot
possible.

Full-gcale test. A full-gcale laboratory clinic was run with 340 consumers in Cincionati, Ohio, in
February-Harch, 1983. The target car was the 1985 model cited above. Full test drives were used. .

Tasks and Modules. The basic questionnaire 1s divided into a number of modules. Each module is
different and adds to the variety of tasks. Both interviewers and interviewees find this variety
enjoyable.

Durable Purchase Study. In the first task, consumers are asked to examine a set of 3x5 ecards, where

. each card corresponds to a different class of durable, and lay out their budget for 1983, 1984, and 1985.

For each durable in their budget, they are asked to indicate its expected price and the number of value
points that it represents.

They are then asked to specify the reservation price for each durable in the budget. The reservation
price is the level to which the price of the durable would meed to rige such that it would be excluded
from the budget. Consumers also specify reservation prices for the top three items in terms of value, not
in their budget. Consumers are aleo asked to ramk order and compare palrs of items as if they were prizes
in a lottery.

Economic Sceparic Analysis. Each consumer is glven an economic scenario, e.g., a $4000 raise in salary
above expected levels, and asked to re—evaluate bis budget allocations.

Existing Stock. Consumers provide deteiled accounts of the cars they now own including model, year,

feature level, price paid, price for which they are williag to sell, value points, usage, operating costs,
etcs They also indicate which car they plan to replace next.

Auto Buying Process, Consumers provide details on their auto buying process including information
gources, dealer visits, krnowledge, factors which would cause them to buy a car, etce

Coneideration Set. Consumers are given a comprehensive 11st of the automobile makes and models and are
asked to indicate which cnes they would consider.

Top Chodce Evaluation. Consumers are asked to evaluate in more detail their top three choices. In
particular, they provide expected prices, value points, and probabilities of purchase. Some consumers
are also asked to evaluate these automobiles on a set of perceptual scales.

Competitive Concepts. Consumers are given five graphic concept statements representing new cars. One

. ¢oncept describes the car they will see and the other four are chosen from the conjoint design. (See

above for levels used.} Comsumers rank order these concepts and provide value points, probabilities, and
Perceptual ratings.



Post-drive Evaluation. Consumers are given the opportunity to exanine and test drive the new car
(either the test or the control car). After driving, they indicate what they would tell others and then
they evaluate the car in terms of value points and probability of purchase.

Post Videotape and Report. Consumers are ghown (1) a videotape of three “consumers™ (actors) relating
their “experlences™ with the car for the past six months, and (2) a safety and malntenance report from
"Consumer Laboratories, Inc.” The same videotape and report are shown for both best and control, but
one-half the consumers see positive evaluationa and the other half see negative evaluations. Consumers
again evaluate the car with value points, probabilities, and perceptual ratings.

Demographics, Sociographics, Interview Evaluation. The study closes with self-administered
questionnaries on demographics and soclographics, followed by a series of questions on task interest,
realism, and relevance.

6. MINI-TEST ANALYSIS
At the time of paper, we have only begun to analyze the data from the mini~test and the full-scale

found them useful in early planning subject to the ecaveats of small samples and a developing methodologys

Disguising Procedure

In the interest of confidentiality, we have not ideatified the new model and have translated and
suppressed the vertical scale on value points and probabilities.

Samgle

The sample consisted of 78 usable responses. For the pretest we did not require a fully random sample
60 36 were domestic car owmers of autowobiles preduced by the divisfon of the company producing the pew
model, 29 were foreign car owners, and 13 owned other domestic cars. Remember the test car 15 a 1985
wodel., Consumers were screenmed on ecither having purchased a car in the last five years or being in the

|
|
i
!
|

market for a new car. The sample 1s not represearative but allows the measurement system to be tested.
Consideration Set
st o L S A

Figure 5 indicares the distribution of the number of cars considered. The median number of cars
conaidered was 5 out of possible hundreds of cars on the list given respondents or evoked by them.

Percent
20
] 3, CARS - MODE

| s | Y

10 5 CARS - MEDIAN
A - ? )
|
i 0
' ' 10 20 30

F # CARS

: @ FIGURE 5: NUMBER OF CARS CONSIDERED

test. We present here some “top-line” managerial results. These results were presented to management who
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% . Conjunctive Screen

v ! In considering a car, many consumers identify certain attributes which the car must either have or not

' ; bave before they will comsider it. We asked questions about attributes which would cause & reapondent not
: . to consider a particular auto. Six of these relate to the target car (See Table 1). Notice the

! ! difference in thresholds among the people in our sample who were previous domestic owners and previous
. import owners.

I TABLE 1

CONJUNCTIVE SCREEN
(Percent people who would teject a car because:)

:a Overall Domestic Owners Inport Owners
2 Two Door 227 6% 25%
e ¥ Domestic - 14% 62 252
2z GH 5% o0x 131
25 Front Wheel Drive 5% 0z 131
Compact 40% 53% ) 251
) Over $10,000 142 182 6%

Normalized Value Poluts

LI P T €. I B
I

We have a number of ways to compare the test and control car in terns of preference

@i (P: b and Pt ! Equation 1l.) At preseat, we can only rely on previous experience and intuition to
1 r

?T j indicate vhich 15 the best forecasting tool. However, our research plans call for validating our
fj forecasts with (1) eall backs to our sample, and (2) actual observaticn of sales. After validationm, we
i i will know better the accuracy of our methods and will be able to choose the best scale.

Basicelly, we can compare the test and control cars ont .

I (1) value points
(2) value points normalized by all cars in consideration

i (3) probability intent
(4) probability intenot normalized by all cars in comsideration
(5) percent of people who prefer test vs. control car.

LR Based on internal consistency and consistency with attribute ratings, we feel that a leading contender is
4 normalized value points.

47 For example, Figure 6 plots the normalized value points for the test and control cars before and after

4= drive. We have plotred these scales for previous domestic and previous import ownerss Notice that the

5. control car A appeals significantly more to domestic owners than to forelgn owners and that, based on the
i “drive”, it tends to live up to the concept statement. On the other hand, the new Car B appeals more

than Car A to import buyers but less than control Car A to domestic buyers. Furthermore, it does not live

up to 1ts concept statement.

4 NORMAL1ZED — CAR A (DOMESTIC OWNER) '
o VALUE POINTS |

dasose] o » . l
B \ :
I L i
s “‘--~‘h_-‘-‘__hihh_‘_*. CAR B (DOMESTIC OWNER)

[

(]
, CAR B (FOREIGN OWNER)

BT

* 11
<{> CAR A (FOREIGN OWNER)

L CONCEPT POST-DRIVE I

FIGURE 6: NORMALIZED VALUE POINTS FOR TEST AND CONTROL CARS
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. Word-of-Houth Mouth Videotapes and Hapazine Reports

Figure 7 reports the effect of the positive and negative treatments on normalized value points. They
: do have an effect, we have successfully influenced evaluations of both the new (Car B) and control

(Car A) cars. Notlce also that the effect is different for the two cars. For the negative treatmeat,
evaluations of both cars are negatively influenced by about the same amounts lNowever, for the positive
treatment, the evaluation of Car A increases significantly (remember Car A did not change pre- to
post-"drive”) while for Car B, the positive word of mouth was not sufficient to offset the negative effect
of the "drive”.

Since these videotapes and reports are based on comments recorded in previous focus groups in which -

! consumers were phown the test car, it appears that they are one way to begin to capture, in the
laboratory, the influence of word of mouth.

NORMALIZED ’,.—* cAr A {pPosITIVE)

VALUE POINTS

. CAR B (POSITIVE)

s CAR B (NEGATIVE)

.
‘f> * cAR A (NEGATIVE)

CONCEPT POST VIDEOTAPE & REPORT

FIGURE 7: THE EFFECT OF POSITIVE AND NEGATIVE WORD OF MOUTH

Value Priority ' .

Two questions are relevant to the value priority forecast of industry sales. First, 67.5% of the
sample indicated that they plan to include a new or used car in their budget in the next three years.
Second, according to the eleven-point {ntent scale, on average consumers lndicated that there is a 64%
probability that they will buy a new or used car in the next three years. Applying these percentages to
approximately 80 million households in the United States and approximately 40-60% of car purchases are new

, cars, gives a forecast of industry sales for the next 3 years of about 20-32 million. We did not have

sufficient sample size in the pretest to analyze the effect of an upturn in the economy.

Thus, all things considered, including the small size, non-randomness, and geographic limitation of
the sample, the value priority prediction is the same range as the Wharton Econometric Association

! forecast of 30 million.

] Forecast

A forecast of 1985 new car sales was made using Equation 11 with the ratio of normalized value peints,

i Pt,b/Pt,c- the econometric forecast as a basis of the industry index (Vy), and managerial judgment

; for the consideration (C.) and competitive (K) indices. For confidentifality, we do not report the

' exact numbers but, the above graphs indicate that the car does not do well among existing domestic

, owners. However, it does relatively well in the forelgn segment. Management recognized that this
forecast was only an indicator because of the caveats due to the sample size and pretest nature of the

enalysis,

In summary, the mini-test analysis to date indicates that the measures are reasonable, show internal
consisteacy and face validity, and pick up the word-of-mouth/report treatments. By the time of the

Harketing Science Conference in 1984, we plan to have more complete results on both the mini~test and the
full-scale test. :



7. FUTURE RESEARCH

We are encouraged with the development of this methodology to date . As indicated in Figure 3, we
have drasm on economic theory (the value—priority algorithm), existing stock analysis, econometric inputs,
experimental design, multiattribute marketing theory, risk analysis and diffusion thecry, and pacro-flow
analysis to epecify a unlfled forecasting model. However, the measurement requiremecnts of such an
integrated model are severe.

= oir =)

11 i
12 : Qur plans over the next eighteen monthe include:

15

14 (1) apalysis of the full-pcale test to estimate the detailed theoretical models;

15 (2) forecasting based on the representative random sample in the full-scale test;

1. (3) conditional analyses hased on alternative economic and competitive scenarios;

17 (4) evolution of the theoretical models based on the data analysis;

1- (5) wvalidation through call-back interviews and tracking sales of the 1983 and, in the future, the

1985 cars; and
(6) replications with other auto wodels.

If this research is successful we feel that we will have a practical, valuable prelaunch forecasting
system for new consumer durables.
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