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The lock in of consumption patterns12

In this Chapter we will apply the consumat approach to study the behavioural dynamics
behind the process of consumption patterns that ‘lock-in’. When specific goods or
technologies come to dominate a consumer market in such a way that a reversal is virtually
impossible, the situation is often called a ‘lock-in’. For example, this text is being written in
Word on a Microsoft Windows platform using a QWERTY keyboard. Although we have no
specific preferences for these products, their popularity would be difficult to change. The
university supports a limited number of software applications, and learning to type efficiently
on a non-QWERTY keyboard would take (too) long, although ergonomically it would be
more efficient.

The ‘locked-in’ QWERTY keyboard (David, 1985), Microsoft software and VHS
recording machines all have or had their alternatives, which were at least as good or
sometimes even better. Which product finally locked-in depended on rather unpredictable
historical events and behavioural processes (Arthur, 1989). A better understanding of the
conditions that stimulate processes of lock-in may help to develop policy measures to
stimulate preferable lock-ins (for example, products which are efficient as regards energy and
materials use), or to limit or prevent undesirable lock-ins.

Previous studies of lock-in effects
Previously, studies of the process of lock-in have been focussed on price dynamics and
increasing returns (e.g., Arthur, 1989). This implies that the more a product is being used, the
lower will be the costs per unit of production, which in its turn accelerates the market
penetration of the product. This insight, for example, stimulates software companies to give
away free software in order to stimulate a lock-in that would position their software as the
standard. An interesting example is the battle between Netscape and Microsoft on the web-
browsers Netscape Communicator and Microsoft Internet Explorer. The lock-in of one of
the two browsers will be of high financial importance for the two companies.

There are various studies on modelling the lock-in of technologies. Arthur (1989)
provides a general framework about competing technologies to define under what
circumstances an adoption market may end up being dominated by a single technology. An
essential attribute for a lock-in to occur is that the products have increasing returns. This
implies that the more agents adopt a certain technology, the higher the returns for others to
adopt the same technology. Arthur describes lock-in dynamics by means of agents that are
making a choice in every time-step on the basis of probabilistic models. The probabilities are
related to the previous behaviour of the other agents. The more agents have adopted a certain
technology, the higher the probability that an agent will do so too in the next period. The
decisions of particular agents are therefore related to the decisions of other agents. Random

                                                          
12 This chapter is based on Janssen and Jager, 1999.
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events in the early stage of the product choice process, leading to a minor dominance of one
product, may determine whether all agents will adopt the one or the other product.

Various scholars have developed sequential decision models in which each agent uses
information on the previous decisions made by other agents, in order to make a decision for
oneself (Granovetter and Soong, 1986; Banerjee, 1992; Bikchandani, Hirshleifer and Welch,
1992; Kirman, 1993). An illustrating example is the choice of a restaurant (Banerjee, 1992). In
choosing between two restaurants that are both more or less unknown, people who arrive in
sequence are influenced in their decision-making by the choices made by those arriving before
them. The more people have chosen restaurant A, the higher the chance that the next person
will also choose restaurant. In addition to the well-known ‘bandwagon effect’ (Leibenstein,
1976), Granovetter and Soong (1986) distinguish a ‘reverse bandwagon effect’. This is the
effect that some consumers choose the quiet restaurant if it is ‘too busy’ in restaurant A..
Granovetter and Soong (1986) show that such counteractive forces may lead to chaotic
patterns of consumer behaviour.

The stochastic models that the above mentioned authors use may successfully mimic
lock-in behaviour, but they do not provide insights into the behavioural processes that
determine specific consumer decisions. For example, social processes may play an important
role in the lock-in of, e.g., the personal car being the dominant mode for person
transportation, fashion habits amongst different subgroups (businessmen, ‘skaters’, religious
orthodox groups) and the brand of cola that is being preferred by groups of people. These
examples of lock-ins cannot be explained as an increasing-returns-to-scale effect. Therefore,
the aim of this chapter is to apply the consumat approach in order to get a better
understanding of the behavioural processes that underlie the process of lock-in. First, the
current modelling type of lock-in dynamics is illustrated. In a subsequent section the
consumat approach will be formalised for a specific case to study lock-in of consumption
patterns. The next sections describe a number of experiments that have been performed with
the consumat approach. The chapter will end with conclusions regarding the circumstances in
which processes of lock-in may occur.

Simple models on lock-in dynamics

A very simple model, which simulates lock-in, is the following. Consider a market of two
products (x = 0 or 1) and N agents i. The agents’ probability of choosing product 0 or 1
depends on the proportion of agents that chose the particular product during the previous
time period. The more agents chose a particular product, the higher the chance that others
follow in the next time step, which gradually results in a lock-in.

The probability that an agent consumes product 1 (x(t) = 1) depends on how much
other agents i consumed product 1 in the previous time-step xi(t-1). A probability value PV,
ranging from 0 to 1, is being calculated by dividing xi(t-1) through the number of agents (N).
The more agents consumed product 1 in the previous time-step, the higher the value of PV.
Now, for each actor a random value between 0 and 1 is being selected out of an uniformly
distributed variable UV[0,1]. If UV < PV, then the actor will consume product 1. If UV >
PV, then the actor will consume product 0.
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This simple rule implies that the closer UV gets to either 0 or 1, the larger the chance is
that a lock-in occurs. If PV = 0 or 1, all actors consume the same, implying a total lock-in. In
Figure 8.1 three illustrative pathways of market shares are being depicted. All three pathways
start with an about equal market share at the beginning (t = 0). The dark pathway, although
closely reaching a lock-in of product 1 (share of product 1 almost 1), does not end up being
locked-in. The dotted pathway shows a lock-in of product 1 at t ≈ 64. The thin black pathway
shows a situation where both products keep considerable market shares.

Figure 8.1: Share of product 1 for 3 possible runs of the very simple model.

The simplest model is complex enough to simulate lock-in patterns but it does not provide
insights regarding how and when lock-in occurs.

A somewhat more advanced approach is to consider price-based consumption choices
and ‘learning-by-doing’ dynamics in the production process. We start with two products (i =
0,1). We assume that the demand equals the supply of both products. Therefore, the supply of
product i (Si) equals the share for product i (Shi) of the total demand D (equation 1).

(1) Si = Shi*D

In the simulation model the demand follows a fixed exogenous scenario, and the share for
product i is being simulated.

Usually it takes some time before an improvement penetrates the market. For example, a
refrigerator has an average lifetime of 15 years, and hence it takes a long time before an
innovation has fully penetrated the market. This is being formalised by introducing a time-
delay that determines the speed with which the developments in the actual market share for
product i over time (dShi/dt) follow the indicated shares (IndShi). This time-delay depends on
the adjustment time (ta). This adjustment time indicates the speed with which price changes
affect the actual market shares.

(2) dShi/dt = (IndShi-Shi)/ta
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The indicated share of product i (IndShi) depends on the relative prices of both products. The
higher the price of one product relative to another product is, the lower its share gets. This is
being formalised by a multinomial logit function of the prices of the products, in which the
relative prices (Pi) are weighted (equation 3). Here, the variable η is being used to formalise
the sensitivity for price-differences. If η = 0, then the indicated share is insensitive for price-
differences. This implies that each distribution of prices will yield a market-share of 50% for
both products. The higher η gets, the more sensitive IndShi gets for price-differences.

(3) IndShi = EXP(-η*Pi)/(EXP(-η*P1)+EXP(-η*P2))

The price of a product Pi is a function of the fixed costs (FCi) and the variable costs (VCi) per
product unit. The fixed costs are not depending on the market-share. The variable costs
increase along with the share of the product. The costs of the product are being multiplied by
the learning factor LFi. This learning factor implies that producers improve their production
process over time, and hence reduce the product costs. The resulting costs of product i are
being divided by the share of product i (Si) to calculate the price per product unit.

(4) Pi = LFi*(FCi + Si*VCi)/Si

The learning factor for product i (LFi) decreases by cumulative production of product i (CLi)
according to the principle of learning-by-doing (Arrow, 1962). This principle holds that the
more of product i has been produced, the lower the cost price per unit of i gets. The more
products i have been made, the less additional improvements in the production process of i
will occur. Hence, the more products have been produced (cumulative production), the
smaller the price reduction following additional production. CLi-in indicates how much
cumulative production has been reached at the start of the simulation. The higher CLi-in, the
lower the speed with which LFi will decrease. The parameter γ determines the rate at which
the product costs decline for a doubling of the cumulative production.

(5) LFi = (CLi / CLi-in)-log10(γ)/log10(2)

The cumulative production increases per unit with the market-share times the demand. In our
simulation the total demand is fixed at a value of 1, but markets with increasing or decreasing
demands can easily be imagined.

(6) dCLi/idt = Si*D

If two products initially have an equal share and equal economic characteristics (that is, the
same values on γ, FC and VC), their market share remains equal in the long run. Figure 8.2a
shows the market developments for two equal products.

In the next run, we introduced a stochastic term in equation 1, thereby simulating
unexpected events in the supply of products. This stochastic term, N(0,σ), is a normal
distribution with zero mean and standard deviation σ (equation 1’).
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(1’a) S1 = MIN(Sh1*D+ N(0,σ),D)

Moreover, we assume that the supply of specific products does not exceed the total demand.

(1’b) S2 = D - S1

If the agents sensitivity for price-differences (η, see equation 3) is large enough, we observe
lock-in effects. Figure 8.2b shows the results of such run in which product 0 becomes to
dominate the market.

Figure 8.2a: Possible development of a market share given two identical products (ta = 2, γ = 0.9, σ = 0.5,
FC = 10 and VC = 10), with agents having a low sensitivity for price differences (η = 0.5).

Figure 8.2b: Possible development of a market share given two identical products (ta = 2, γ = 0.9, σ = 0.5,
FC = 10 and VC = 10), with agents having a high sensitivity for price differences (η = 0.65).
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This somewhat more advanced model demonstrates that lock-in occurs more frequently
when η is higher and thus the agents are more sensitive to price changes. However, the model
remains unsatisfactory because it gives us very limited insights into consumer decision-
making. In the rest of the paper we will therefore replace equations (1-3) by various equations
from the consumat approach.

Applying the consumat approach

The conceptual model of behaviour as described in Chapter 5 and formalised in Chapter 6 is
the starting point for a simulation to study the lock-in of consumption patterns. A cellular
automata approach has been chosen because this allows a modelling of the spatial dynamics
of local interactions between agents. For a more extensive description of the cellular-
automata, see Chapter 3 on cellular automata.

The consumption of the agents is described on the basis of a simple cellular
automaton A defined by a lattice L (the environment), a state space X describing the possible
behaviours the agents can perform, a neighbourhood template δ describing the spatial reach
of local interactions and a local transition function f that describes when an agent changes its
behaviour. In formula: A = <L, X, δ, f>.

A lattice L of 30x30 grid cells is used, yielding a total of 900 cells. The corresponding
edges of the grid have been ‘pasted together’, resulting in a three-dimensional solid called a
torus (see Chapter 3). Each cell represents a single agent. These agents have two behavioural
opportunities X, namely to consume product 0 (x = 0) or product 1 (x = 1). A Moore
neighbourhood template δ is being used to define which neighbours are taken into
consideration. This template consists of the eight adjacent cells of the agent. The transition
function f implies that the agents can change their opportunity consumption in discrete time
steps, and all 900 agents do (or do not) change their opportunity consumption simultaneously.
This local transition function f is actually the consumat model. A change in consumption
implies that the cells change state. The consumat model is being used to determine such
transitions. In the following we will discuss the formalisation of the consumat approach for
this issue.

Shortly, in this application, four types of needs have been formalised: identity, personal
taste (associated with freedom of choice), leisure and subsistence. These consumat-needs have
been formalised in order to include these various aspects in the consumats behavioural
processes.

Identity
The level of satisfaction for the need identity (LNSi) depends on the number of neighbours
(in the template δ) that consume the same product, that is, the satisfaction of the sense of
belonging to a group. We assume that LNSi increases linearly with the proportion of
neighbours consuming the same product. The more neighbours (N) consume the same
product, the higher the LNS for identity of the consumat on position ij of the torus:
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(7) LNSiij = 1-ΣxNij/8 if xij=0 else LNSiij = ΣxNij/8

Starting with a random product distribution implies that both products have on the average an
equal need satisfying capacity for identity.

Personal taste
Personal taste (associated with freedom of choice) is assumed to be an individual characteristic
of an agent. The agents thus may have a different taste for products 0 and 1. This is
formalised with a taste value β for both products, which may be different for the consumats ij
(β0ij and β1ij). The level of need-satisfaction for personal taste (LNSt) is therefore equal to the
individual ‘taste’ for the consumed product xij. For simplicity’s sake we assume that the agents
know the taste of the products.

(8) LNStij = β0ij if xij = 0 else LNSt = β1ij

Personal taste for the products may be distributed randomly over the consumats. This implies
that on the average both products have the same need-satisfying capacity for personal taste.

Leisure
Leisure is related to the price of the products, assuming that the lower the price of a product
the less time one has to spent on working to earn the money to buy the product. This of
course is a crude assumption, but it gives the possibility of balancing leisure time and working
time. Essential in the calculation of the level of need-satisfaction for leisure is the budget the
consumat has available (Bij). For as long as the price (P) of the product is lower that the
available budget, LNSlij will be larger than 1 (equation 9). This implies that LNSlij  is
considered to be 1 (maximum value). When the price is larger than the available budget, the
consumat is forced to go working, which goes at the cost of LNSlij. Fore example, when the
product price is twice as much as the available budget, the LNSlij will have a value of .5.

(9) LNSlij = Bij/P0 if x = 0 else LNSlij = Bij/P1

When both products initially have the same price, both products have an identical need-
satisfying capacity for leisure. However, it is also possible to start with different product
prices. Moreover, it is possible to equip the consumats with different budgets (financial
ability).

Subsistence
The need for subsistence is assumed to be related to the degree of pollution. Upon
consumption, each product i is assumed to contribute λi units of pollution. A given
concentration of pollution at time t (Ct) decays every time step t with ratio µ. The total
consumption of respectively product 0 and product 1 is being used to calculate the increase in
pollution concentration.
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(10) Ct = Ct-1*(1-µ) + λ0*#x0  + λ1*#x1

Individual sensitivity to pollution (αij) and the concentration of pollution (C) determine the
individual level of need-satisfaction for subsistence. A smaller αij indicates a smaller tolerance
for pollution, thus a larger sensitivity (Equation 11).

(11) LNSsij = 1-exp(- αij/C)

Both products may be equally polluting, however, it is also possible to make one product
more polluting than the other. Moreover, it is possible to equip the consumats with different
sensitivities for pollution.

The total level of need satisfaction of agent (i,j) is a Cobb Douglas type of utility function in
which each level of need-satisfaction is weighted by γneedij .

(12) LNS = LNSiγIij  * LNStγTij * LNSlγLij * LNSs1-γIij-γTij-γLij

The way in which the different needs are formalised implies the manifestation of four
different feedbacks: (1) the need for identity is related to the behaviour of the consumats in
the local (neighbourhood), (2) the need for personal taste is related to individual preferences,
(3) the need for leisure relates individual (financial) abilities to macro-level factors (product
prices), and (4) the subsistence need leads to a product-related feedback, because pollution is
caused by the consumption of specific products.

As described in the conceptual model, it depends on the level of need satisfaction
(LNS) and uncertainty (U) the consumat experiences which of the four cognitive processing
types will be employed. Whereas the level of need satisfaction is clearly related to the four
needs discussed above, it is not obvious how one could define a quantitative measure for the
agents’ uncertainty. We assume that the summarised difference between the expected LNS
and the actual LNS of each need k can be used to measure uncertainty (Uij). For simplicity’s
sake, we have assumed that the expected LNS is equal to the experienced LNS in the previous
period. Thus, uncertainty is formalised as the absolute difference between the previous and
current level of need-satisfaction summarised over all four needs:

(13) Uij, t=Σk4 ABS(LNSkij, t - LNSkij, t-1)

The consumat is likely to engage in social processing when this level Uij exceeds its uncertainty
tolerance (Uij > UT). In the following sections the four cognitive processing rules that operate
under different conditions of uncertainty and needs satisfaction are formalised for consumats’
decision which product to use (see also Chapter 6, table 5.4).

Repetition
If the consumat is satisfied (LNSij, t > LNSmin) and certain (Uij, t < UT), it will consume the
same product as in the previous period.
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(14) xij, t = xij, t-1

Deliberation
Consumats engage in deliberation if they feel certain (U ij, t < UT) and if the level of need
satisfaction does not reach a predefined minimum level of need satisfaction (LNS ij, t <
LNSmin). The consumat will check which of the consumption opportunities yields the best
outcomes in terms of LNS, where LNS and its components can be defined as in equations 7 -
12.

(15) xij, t = Max (LNS(xij = 0), LNS(xij = 1))

Imitation
Consumats engage in imitation when their uncertainty level exceeds their uncertainty tolerance
(U ij, t > UT) and when their needs are satisfied above a minimum level (LNS ij, t >LNSmin).
While imitating, the consumat adopts the behaviour that the majority of its neighbourhood
performed in the previous time-step. If more than 4 consumats out of the 8 neighbours
consumed product x0 at t - 1, the consumat will also consume product x0.

(16) xij, t = 0 if #(xNij, t-1=0) > #(xNij, t-1=1) else xij, t = 1.

Social comparison
When the level of need satisfaction drops below a threshold value (LNSij, t < LNSmin) and
the consumat is feeling uncertain (U ij, t > UT), then it will engage in social comparison. This
implies that the consumat first starts reasoning on which other neighbouring consumats are
comparable. This is being done by first observing the abilities of the eight neighbours.
Abilities are assumed to be related to the individual (financial) budgets Bij (see equation 9).
The socially comparing consumat thus first observes the budgets the neighbours had in the
previous time-step. The comparison factor ε is being used to determine how much the budget
of another consumat must be similar to the own budget to be considered as comparable. The
larger the comparison factor ε, the more consumats are considered to be comparable.
Consumats will consume that product which has been consumed the most by comparable
neighbours.

(17) xij, t = 0 if
#[(xNij, t-1 = 0) and (Bij, t * (1-ε) ≤ Bneighbours, t-1 ≤ Bij, t * (1+ε))]
>
#[(xNij, t-1 = 1) and (Bij, t * (1-ε) ≤ Bneighbours, t-1 ≤ Bij, t * (1+ε)) ]
else xij, t = 1.

Because each consumat has a fixed position in the lattice, and has a limited number of eight
neighbours for social processing, the latter has been formalised in a simpler manner than was
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suggested in Chapter 6. This has been done to allow for social processes even if the (fixed)
neighbours have different financial abilities.

Experimenting with two similar products

We start with two products xi (i = 0,1), with similar characteristics in regarding dynamics and
pollution (see section above). The 900 consumats in the 30x30 lattice differ regarding their
financial budgets (related to their leisure need), their individual preferences (referring to their
personal taste) and their sensitivity for pollution (related to their subsistence need). In the
initial situation, the distribution of consumption of products 0 and 1 is randomised. First a
typical model run will be discussed in detail, after which the general characteristics of the lock-
in dynamics being simulated with the consumat approach will be explored. In Figure 8.3 we
depict a simulation in which a local lock-in can be observed, that is, groups of consumats
emerge that consume the same product.

             

       t = 1    t = 10  t = 100

Figure 8.3: Spatial pattern of consumats consuming product 0 (white) and 1 (black), for 3 differing points in
time (t=0, t=10 and t=100), within a 30 * 30 lattice of cells.

The three panels of Figure 8.3 show a typical evolution of consumption patterns. Initially, the
distribution of product consumption is random, but after 10 time steps the consumption
begins to show a certain spatial distribution, which, after some changes leads to a stable spatial
pattern (t=100). In the beginning of the simulation there is a high level of uncertainty that
stimulates social processing (Figure 8.4). This uncertainty disappears due to the lock-in of
consumption, that is, the more consumats consume the same as during the previous period,
the smaller the difference between expected LNS and actual LNS. At the end of the
simulation period the consumats engage mainly in repetition and deliberation, depending on
their level of need satisfaction. The share of automated behaviour increases due to a higher
satisfaction of in particular the leisure need. This follows from the decreasing prices of the
products, whereby consumption becomes more easy given the available budget.
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Figure 8.4: Relative frequencies of types of cognitive processes for the population of 900 consumats (light grey =
deliberating; dark grey = social comparison; white = repetition; black = imitation)

As this example indicates, two types of lock-in can be observed, where we consider lock-in as
a stable state after a number of iterations of consumption.
- Local lock-in: a stable pattern of consumption occurs within clustered groups of

consumats who all consume the same product.
- Global lock-in: one product becomes to dominate the whole lattice of consumats.

The acknowledgement of local lock-in implies that a 100 per cent product adoption is not
necessary for (potential) lock-in effects to occur.

Variables that affect the chance of a lock-in to occur
Because of the many variables that affect consumer behaviour we have performed a large
number of model runs (1000) using stochastic values (from a uniform distribution) for the
parameters γI ∈ [0, 1] with ΣγI =1, LNSmin ∈ [0, 0.5] UT ∈ [0, 0.1] and ε∈ [0, 1]. This large
number of simulation runs using stochastic values is being performed to determine the
parameter values that produce lock-in effects. Figure 8.5 depicts the proportional distribution
of the consumption of product 1 after 100 time steps, when the pattern has been stabilised. It
can be observed that for most random values of the parameters, the consumption share of
product 1 (and hence also product 0) is near 50%. In only 33 cases a global lock-in situation
occurred. It appears that a global lock-in occurs only for particular parameter values. In Table
8.1 the average values for the global locked-in and not global locked-in runs are being
presented. It can be observed that in case of a global lock-in, the value of γT (the weight for
taste) is near zero, γL (the weight for leisure) is higher than average and γI (the weight for
identity) is somewhat higher than average. Also LNSmin and UT are higher than the average
value. These results can be explained as follows.
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Figure 8.5: Distribution of the consumption share of product 1 at time-step 100 across 1000 model runs. If
this share is equal to 0 or 1 a global lock-in has occurred: all consumats choose either product 0 or
product 1.

The weight of the need for personal taste is very important because strong specific
preferences for a certain product will reduce the possibility of a lock-in (one does not easily
copy others). If the need for personal taste is not weighted substantially in the cognitive
processing, and the price-dependent need for leisure is weighted significantly, consumats will
choose the cheapest product, which in return reduces its price due to ‘learning-by-doing’ cost
reductions. The relatively high values of LNSmin and UT for the locked-in simulation runs
suggest that deliberation is an important cognitive process for achieving a global lock-in. In
sum, a global lock-in of one of two similar products occurs if consumats, when deliberating,
choose the cheapest product, and stay with this choice (i.e., on the basis of repetition) because
it satisfies their needs. The initial (random) distribution of consumption and the consumats’
characteristics determine which product will eventually lock-in.

General Global lock-in

γI

γT

γL

γS

LNSmin
UT
ε

#

0.251 (0.142)
0.253 (0.142)
0.250 (0.146)
0.245 (0.141)
0.499 (0.291)
0.493 (0.291)
0.499 (0.285)

1000

0.290 (0.147)
0.020 (0.018)
0.424 (0.164)
0.266 (0.166)
0.594 (0.272)
0.680 (0.214)
0.434 (0.241)

33

Table 8.1: Statistics for the experiment of 1000 model runs: the average values of the model parameters and the
standard deviation (in brackets).
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product 0 or 1), and at most two types (both product 0 and 1) of products, and hence this
number will be either 1 or 2. The average of this number is being calculated over the 900
consumats, and yields a distribution-indicator. In Figure 8.6, this distribution-indicator is
depicted for the 1000 model runs.

Figure 8.6: Distribution of the average different types of products consumed by the neighbours in time step 100.
If the average of this distribution-indicator is 1, a macro-level lock-in has occurred. If this average is
2, the consumption is randomly distributed over the lattice. A low average suggests spatial patterns.

If the distribution-indicator is equal to 1, each of the 900 consumats consumes the same
product as its 8 neighbours, indicating a global lock-in. As we have seen, this occurs in 33
simulation runs. If the distribution-indicator is 2, all consumats have neighbours who
consume products 0 and 1, indicating that consumption is distributed rather randomly over
the lattice. Figure 8.6 shows that 93 simulation runs end up with all consumats having
neighbours consuming both products. Moreover, Figure 8.6 shows a relatively high number
of observations starting at about 1.4 to about 1.9, indicating the occurrence of local lock-ins.

If the distribution-indicator values are related to the parameters that have been varied
in this experiment using a multiple regression analysis, a simple linear relationship is been
found (Table 8.2). In this relation, γS has been excluded because the two products are assumed
to have the same pollution rate. The linear equation with the (non-standardised) weights as
presented in Table 8.2 explains about half of the variance of the distribution-indicator of
Figure 8.6, as the R2 of 0.489 indicates. The equation implies that a higher value of the
distribution-indicator is more likely, the more important the personal taste need, the higher
the minimal level of need satisfaction, and the less important the leisure and identity needs
and the lower the uncertainty tolerance. Thus, conversely, a higher weight of identity (γI) goes
along with lower distribution-indicator, i.e., a higher degree of local lock-in, as does a higher
weight of the need for leisure (implying consuming the ‘cheapest’ product). A higher weight
on individual taste (γT) leads to a higher distribution-indicator, i.e., to a lower degree of local
lock-in. This is of course in line with the findings of Table 8.1. The role of the leisure need is
less important but it is in line with the price effect as presented in Table 8.1. Furthermore it is
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Multiple R2 0.489
β- weight t-value

Const. 1.789          (53.15)*

γI -0.538        (-11.48)*

γT 0.685          (14.58)*

γL - 0.196        (-4.25)*

LNSmin 0.159            (8.54)*

UT - 0.237      (-12.78)*

ε 0.004            (0.21)

# of runs 1000

Table 8.2: Multiple R2, β-weights and t-values (in brackets) for a multiple regression analysis on the results of
1000 model runs. * = p < .05

found that a higher minimum level of need satisfaction (LNSmin) leads to lower degree of
local lock-in. A higher uncertainty tolerance (UT) appears to stimulate processes of lock-in,
suggesting that social processing is an important process for a (local) lock- in to occur.

Conclusions
The simulation experiments have revealed that two types of lock-in processes can be
distinguished, each with their own dynamics. The global lock-in effect is most likely to occur
under conditions where consumats have no strong personal taste for one of the two products
(the need for personal taste is low) and the price of the product is playing an important role
(the need for leisure is important, see Table 8.1). Moreover, it appears that global lock-ins are
more likely to happen when the consumats engage more in deliberation (higher LNSmin and
UT, see Table 8.1).

Local lock-ins are most likely to occur when consumats find it important to consume
the same product as their neighbours (a high need for identity, see Table 8.2). For example,
one can often observe that a small group of people is using one product, while the majority
uses another. On the basis of the simulation experiments we expect that this is most likely to
occur under conditions where (1) people have no personal preference for the taste of a
product, (2) the price of the product is playing a modest role, and (3) people prefer to
consume the same as their ‘neighbours’. Moreover, local lock-ins are more likely to happen
when the consumats engage more in social comparison (higher LNSmin and lower UT, see
Table 8.2). In trying to expand their share in a locally locked-in market, the suppliers of both
products should employ different strategies. To increase the share of the product with a low
market-share it would be most beneficial to make the taste of the product a more important
issue. For the market-leader, it would be a good strategy to approach individuals in the groups
that use the other product, and make them a special offer. If one or two group members
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change their consumption, the others may follow. In a market of similar goods, like cars and
softdrinks, commercials often emphasise the ‘identity’ of their product by showing role
models using the product, thereby suggesting that their products satisfy the need for identity.

The introduction of an alternative product

In this section it will be analysed under what conditions an alternative product will lock-in to a
consumer market. We start with a market in which product 0 has reached a global lock-in.
Initially, the alternative product 1 has a market share of, say, 1 percent and it differs from the
locked-in product 0 in that it does not pollute. The zero-pollutant alternative also has a much
lower cumulative learning factor, CLI-in is 1, compared with the locked-in product, for which
CLI-in is 100 (c.f., equation 5). This implies that the price of the alternative product will
decrease significantly when cumulative consumption rises, whereas the already high
cumulative production of the locked-in product causes its price not to decrease much further
following an increase in cumulative consumption.

As in the previous section, 1000 runs have been performed with the consumat model.
The average share of the alternative product 1 shows a slight increase, on average, to 20 per
cent at time step 100 (Figure 8.7). Only in a small number of cases will the zero pollutant lock-
in (Figures 8.11 and 8.12).

Figure 8.7: The average total consumption share of product 1 for t = 1 to t = 100
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Figure 8.8: Distribution of the consumption share of product 1 at time-step 100 across 1000 model runs. If
this share is equal to 0 or 1 a global lock-in has occurred: all consumats choose either product 0 or
product 1.

Figure 8.9: Distribution of the average different types of products consumed by the neighbours in time step 100.
If the average of this distribution-indicator is 1, a macro-level lock-in has occurred. If this average is
2, the consumption is randomly distributed over the lattice. A lower average (well above 1) suggests
local lock-in.

Conclusions
Often marketeers and engineers are surprised by the fact that a new product does not conquer
the market, despite the fact that it is far better than already existing products. The current
simulation experiment suggests that two processes hinder the introduction of a new product.
Firstly, when consumats are satisfied they process automatically, thereby copying their own
previous behaviour (repetition when they are certain) or someone else’s previous behaviour
(imitation when they are uncertain). It is clear that as long as consumats perform automatic
behaviour, no new product will enter the market. If 1 per cent of the consumats uses the new
product, as was the case in the last experiment discussed above, the chances of any other
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consumat copying this new behaviour are very small. A second process that is often neglected
is that the need satisfaction derived from consuming a given product, is not only provided by
the product itself, but also by information regarding which other people already consume this
product too. In situations where consuming the same product as the neighbours satisfies
one’s need for identity, a strong barrier exists for a new product to conquer a market.

This simulation experiment thus suggests that it is very hard to introduce a new
product in a locked-in market where most consumers are reasonably satisfied and prefer to
consume the same as their neighbours. To facilitate the introduction of an alternative product
it is advised to approach a group of consumers with a special offer in order to get a starting
point in the market. This group approach makes it possible appeal to the identity needs of the
group of consumers, and the special offer may comprise a price reduction that satisfies the
need for leisure to a larger extent than the locked-in product.

Discussion

Many policy measures are aimed at changing consumption patterns. In the context of
consumer behaviour change it is important to understand the dynamics of lock-in
phenomena. In this chapter, the consumat approach, as presented in Chapters 5 and 6, has
been used instead of the more traditional probabilistic models, to study the dynamics of
consumption patterns that lock-in. This provided several insights about the conditions under
which lock-in of consumption patterns occurs. It was found that global lock-in especially
occurs if consumats engage relative frequently in deliberation, the need for ‘personal taste’
plays a negligible role, and the need for leisure, which is related to product prices, is very
important.

Our simulation experiments revealed that the local lock-ins generally occur when the
consumats engage relative frequently in social comparison, the need for identity is highly
weighted and the need for taste is not very important. This leads to spatial clustering of
product consumption, which may be less in line with the individual preferences of consumats.

These results demonstrate that the formulation of new hypotheses for empirical
testing is an interesting advantage of working with simulation models. The model-based
results suggest that the effect of what the neighbours consume may be very significant in
certain conditions. It might be interesting to perform empirical research to discover under
what conditions (e.g., product type, consumer characteristics) consumers are most likely to
copy the product choice of certain other consumers.

There are various starting points for improving the current simulation model for
studying lock-ins. For example, satisfaction of the identity need is currently related to the
proportion of neighbours consuming the same product as the subject consumat itself. This
relates to the ‘belongingness’ associated with this need. However, real people may differ in the
interpretation of identity. For example, some people may stress the uniqueness of their
identity, and consequently prefer to consume a different product than their neighbours. Such
interpretations of the need for identity could also be included in the formalisation of the
consumat.
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Another possible improvement of the simulation of lock-in phenomena is a more
advanced description of the supply dynamics. We could, for example, enlarge the model with
the simulation of behaviour of companies leading to a co-evolutionary approach to
consumption and production. Here, producers adapt their product characteristics to the
demand of the market, and they may find new niches in markets. Along with the consumat
model, we can imagine that producers may deliberate about the market developments, imitate
and socially compare with other producers and engage in repetition (habitual production
without innovation). However, before we start an endeavour in modelling the behavioural
dynamics of the supply side, it is first important to further improve our knowledge of the
consumer dynamics as simulated with the consumat approach. Therefore, in the next chapter
we aim to apply the consumat approach in a more complex environment, to study the
potential of the consumat approach in an integrated environmental-economic modelling
context.


