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o Consumers can buy multiple units and multiple varieties during any shopping trip

o There are different package sizes (pint, half gallon…)

o Brands need to decide which and how many varieties to offer

In many CPGs, demand is not discrete



Discrete vs 
Volumetric



o Do you assume total category sales constant?

▪ If yes, it may suffice to understand market shares

▪ Are quantity and brand choice independent?

▪ If yes, quantity-then-choice model may suffice

▪ If no, use a volumetric demand model like the Multiple Discrete-Continuous Demand model (MDCM)

▪ If no, we need to model what drives volume

Discrete vs Volumetric considerations



Discrete and Quantity choice – side 
by side comparison

o Respondents chose the ‘most preferred’ option 

first, then they selected quantities of any of the 

items

o No-Choice option last

o Does it matter if we use discrete choice or quantity 

choice data?

Source: https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2770025 (forthcoming IJRM) 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2770025


Where discrete choice and volumetric choice data agree

Size attribute in 
discrete choice <> Size 
attribute in quantity 
choice

Size in quantity 
models captures a 
preference for pack 
size - not quantity

Consistent for most 
attributes/levels

Source: https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2770025 (forthcoming IJRM) 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2770025


o MDCM (volumetric) models comprise part-worths, budget and rate of satiation, which is 

important to account for variety seeking

o MDCM can help distinguish between incidence (buying >0 units) from volume (quantity given 

>0 units) (Kim, Hardt, Kim, Allenby 2022)

o Both composition and size of assortments drive overall volume in CPGs where variety seeking 

exists

▪ Large grocers hope to generate more sales – across all brands on the shelves - by offering a larger 

assortment

▪ I buy more ice cream when there so many varieties to try….

Where discrete vs volumetric matters



Assortment size 
variation



The obvious problem: Conjoint choice sets are much smaller 
than assortments in stores

Conjoint Survey Top sellers in typical stores

o Can we extrapolate demand from a large assortment if we only observe demand from smaller 

choice sets?



o Mixed results from empirical research looking into the effect of temporary changes in 

assortment size on overall sales (Boatwright and Nunes, 2001; Sloot et al., 2006; Borle et al., 

2005).

o Behavioral research suggests there might be ‘too many’ varieties and ‘choice overload’ 

(Meissner et al., 2019; Scheibehenne et al., 2010)

o The relationship between assortment size and total demand may be inverse U-shaped 

(Herzenstein et al., 2019)

What do we know about the relationship between assortment 
size and demand?



o Choice models have been developed with fixed size of choice-set in mind

▪ Discrete Choice models may result in biased estimates if variation in number of products remain 

unaccounted for; and adjustment term may be needed (Ackerberg & Rysman 2005)

o Multiple Discrete-Continuous Demand Models (MDCM) have also been developed for fixed 

choice-set sizes

▪ We show that ignoring set size variation results in seriously biased predictions of demand

▪ A parametric adjustment for set size allows to even extrapolate for larger set sizes

Demand models accounting for assortment size



Developing a model



o The most common approach is MDCM – Multiple Discrete Continuous Model

o This means we model so-called corners (stuff you don't buy) and interior solutions (stuff 

you do buy), where the quantity of interior solutions is continuous

o Budget constraints (and/or space constraints) prevent people from buying unlimited 

quantities. Budgets determine the nature of cross-effects

o In reality, we only buy full bottles, but integer constraints would make the model intractable

Modeling quantity/volumetric demand



o Consumers maximize utility from choosing quantities (𝑥𝑗) of N inside goods and `leftover 

money' 𝑧, given available budget 𝐸.

o Diminishing marginal returns of inside (𝑥𝑗) and outside (𝑧) goods

o γ governs rate of satiation of inside goods

o 𝜓𝑧 = 1 fixed for identification 

Standard MDCM

# Inside good # outside good BudgetOutside goodInside good

Baseline util 

inside good Baseline util 

outside good

Satiation rate inside goods



o Variation in assortment size means 𝜓𝑧 is identifiable if it’s a function of assortment size 𝑁𝑡

o We find that a simple linear function of 𝑁𝑡 is sufficient

Incorporating the effect of assortment size



Log-Likelihood & Estimation

o Prior: Standard MVN Heterogeneity and weakly-informative priors

o Estimation: Standard Hybrid MCMC

o Prediction: Numeric integration over error and parameter space



Proposed model captures flexible relationship between set size 
and primary demand

Standard MDMC: 

Primary demand increases quickly in 

assortment size until budget constraint 

is hit



Results from 2 
studies



Study#1: Chocolate bars

o Using this attribute space, we can cover 80% of sales in typical stores



o No choice `overload'.

o Respondents buy more varieties and overall higher quantities when offered larger 

assortment

o How will primary demand extrapolate from 18 to 100 alternatives?

Study#1: Chocolate bars - Descriptives



Study#1: Predicted demand vs self-stated quantity during last 
trip (assuming typical assortment)

o Boxplot shows deviation of predicted primary demand from self-stated last purchase 

quantity

o Proposed model unbiased, while standard MDCM severely overpredicts quantity



o Assumptions: 25m households, 3 shopping trips/mo

o Predicted annual demand of 218,742 is close to the actual number: 240,000

o Ignoring the set size adjustment, demand is over-predicted by 80%

Study#1: Chocolate bars – Market extrapolation



Study#1: Extrapolating from 8/18 to >100 products

Average stated 

quantity per trip



o Respondents are first given a 

realistic shelf task with 57 

alternatives

o Then, respondents chose 

among 8, 16, 24 alternatives

Study#2: 
Air fresheners



Study#2: Demand quantities aren’t constants

o Demand increases with assortment size!

o Much higher demand in shelf task



Study#2: Extrapolation is possible



o Our model is useful when variety seeking exists and primary demand is not fixed

o It is remarkably accurate in predicting market-level sales based on volumetric conjoint and 

straightforward assumptions

o Ignoring set size variation results in dramatic over-prediction of total demand; the proposed 

model is remarkably accurate

o With data fusion becoming popular, there are many instances when assortment sizes are 

not fixed. Accounting for choice set-size is important!

Summary of findings



Discussion



o We use “open sum”  question and not “constant sum”

o This makes volumetric tasks easier for them to 

answer, because they don’t need to think which 

portions sum up to the requested total sum.

o Respondents simply enter each number of products 

they like to buy

o In some categories we remind the respondents how 

many products they bought during the last shopping 

trip. This could help to make the answers mor realistic.

o Air freshener is from our experience no category 

where this information is needed

Volumetric choice tasks are easy to 
respond to

None, clears all 

fields above

Boxes allow 

each number 

of products 

the 

respondent  

like to buy

sum =

Information 

about actual 

sum of 

choices



o Stockpiling can be an issue, i.e. larger quantities mean longer purchase intervals

o Maybe impossible to fix in a pure-conjoint environment

o Some thoughts

▪ Is the good perishable?

▪ Let’s say the consumer bought a big pack of cookies … isn’t it tempting to eat more? So, 

while large purchase volume might result in longer inter-purchase time, it might also lead 

to consumption acceleration! Only solution would be diary data!

Purchase timing, Stockpiling



o Usually, we are reluctant to extrapolate, i.e. we don’t like to predict beyond the convex hull 

of past observations

o However, we can’t use shelf tasks AND show an attribute grid at the same time

o How much do we trust an extrapolation? 

o A shelf-like validation task can help build confidence

Issue#1: Extrapolation



o Stick to a single purchase occasion

o Still very relevant for price promotions, generating trials (first purchases)

o Single occasion sales maximization might be enough (e.g., when there is surplus supply of a 

good)

Issue#2: Single occasion



Takeaways



o Volumetric Conjoint is fancy, but only makes sense under certain conditions:

▪ Total market sales (i.e., primary demand) are not fixed, but can vary with size and 

composition of offerings

▪ Variety seeking and simultaneous demand for multiple varieties is common

▪ and/or separating incidence and volume is of interest

o In 2 applications, we have shown the approach to yield realistic market-level predictions

o Our proposed model is important for data fusion – when conjoint and panel data is 

combined

o Everything is implemented in a convenient package: 

https://github.com/ninohardt/echoice2

Takeaways

https://github.com/ninohardt/echoice2


o Package implements Discrete and Volumetric demand models with and without screening, 

Volumetric model with and without assortment size variation

o So far github only, not CRAN release yet. Compiling packages on Windows requires rtools being 

installed, compiling on mac requires installing xcode, gcc and configuring gcc.

o Data is supplied in ‘long’ (tidy data) format where columns are: id, task number, alternative number, 

quantity x, price, attributes

o vd_est_vdm runs estimates a volumetric demand model without screening and set size variation, 

vd_dem_vdm generates demand predictions

o ec_dem_aggregate and ec_dem_summarise use dplyr functions to generate summaries

o For more details, follow instructions/vignettes on github

Volumetric models using echoice2



Volumetric models using echoice2

https://github.com/ninohardt/echoice2

https://github.com/ninohardt/echoice2

