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A

lthough product modularity is often advocated as a design strategy in the operations management literature,
little is known about how consumers respond to modular products. In this research we undertake several
experiments to explore consumer response to modularly upgradeable products in settings featuring technological change. We consider both the initial product choice (between a modularly upgradeable product and an
integral one) and the subsequent upgrade decision (replacement of a module versus full product replacement).
First, we show that consumers tend to discount the cost savings associated with modular upgrades excessively
(insufficiently) when the time between the initial purchase and the upgrade is short (long). This suggests that
modular upgradability as a product feature has higher profit potential for slowly rather than rapidly improving products. Second, we observe a preference reversal between the initial purchase and the point of upgrade:
At the point of initial purchase, people foresee making a full product replacement in the future, yet, when faced
with the actual upgrade decision, they are more likely to revert to modular upgrades. Finally, we discuss and
test several pricing and product design strategies that the firm can use to respond to these cognitive biases.
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1.

Introduction and Background

functioning) were scrapped in 2004, whereas the number of cell phones discarded in 2005 was 100 million
(Slade 2006).
Modular product architectures offer the potential to
address some of these challenges attributable to rapid
technological change. Ramachandran and Krishnan
(2008) proposed modular upgradeability as a way to
reduce consumers’ cost of keeping up with new
technologies.1 A modularly upgradeable design isolates improving components from stable ones and
thereby enables an upgrade via replacement of only
the improving module(s). For example, Ricoh’s GXR
photo camera comes with an upgradeable lens/sensor
module that can be replaced as technology advances.

Accelerating technological progress, especially for
consumer electronics products (e.g., cell phones, personal computers (PCs), cameras), presents consumers
with the opportunity to use superior products. At the
same time, shortening product life cycles pose new
challenges for consumers, firms, and the environment.
From the consumer perspective, it is costly to keep
up with new technologies. From the firm’s perspective, rapid change may lead to a reduction in firm
profits; consumers may delay making a purchase foreseeing the introduction of a superior new product, at
a lower price, soon after their purchase (Dhebar 1994,
Kornish 2001). Finally, the higher production volumes
associated with frequent product replacements have
a detrimental effect on the environment. In addition to greater energy and raw material consumption,
a higher production volume implies a larger volume
of obsolete products that end up in landfills. By some
accounts, 315 million PCs (90% of which were still

1
Baldwin and Clark (2000) identify three types of modularity: modularity in design allows for independent development of product
subsystems; modularity in production involves using common components across products; and modularity in use allows consumers to
configure, upgrade, and maintain the product. In this research, we
focus on modularity in use.
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Because only a few components become obsolete
and are discarded instead of the entire product,
modular upgradeability also has the potential to
reduce the total quantity of waste (McDonough and
Braungart 2002).
Even though modular product architectures have
been often advocated in operations management,
marketing, strategy, and engineering literatures (e.g.,
Ulrich 1995; Langlois and Robertson 1992; Garud and
Kumaraswamy 1995; Baldwin and Clark 2000; Fixson
2003, 2007), little is known about how consumers
respond to modularly upgradeable products. In fact,
whereas such products are more common in industrial markets (Ramachandran and Krishnan 2008),
they are less prevalent in consumer markets, despite
the potential benefits they present. In this research,
we conduct a series of experiments to probe how
consumers value modular products in marketplace
settings featuring technological change. More specifically, we explore the role of relevant cognitive
biases in shaping consumers’ valuations of, and
decisions regarding, modular upgradeability. To our
best knowledge, this is the first article to empirically address product modularity from the consumer
perspective.
In our work, we consider both the consumers’ initial product choices (modular or integral) and their
subsequent upgrade decisions (replace product or
module), which occur after the product is used for a
period of time. When costs and benefits are spread
over time, consumers tend to exhibit certain temporal inconsistencies (Read 2004, Frederick et al. 2002).
Because these decision biases may prevent consumers
from appropriately assessing the benefits associated
with modularity, a firm launching a modular product
needs to understand how consumers actually value
such products and integrate this understanding into
its design and pricing decisions.
We conduct three empirical studies to establish the
magnitude and drivers of the value of modularity
for consumers, at the point of initial purchase and at
the moment of upgrade. In Study 1, we focus on the
initial purchase decision. Based on previous findings
on hyperbolic discounting (Loewenstein and Prelec
1992), we hypothesize and find that discount rates
decline with the upgrade interval; hence consumers
might undervalue (overvalue) the savings from modularity for products with short (long) upgrade intervals relative to the firm. In Study 2, we investigate the
pricing implications that stem from this result, asking respondents to choose between two pricing plans
(high initial purchase price and low upgrade price
versus low initial purchase price and high upgrade
price) for a modular product. We find that if the
product has a short upgrade interval, the firm can
increase its profits by reducing the initial product
price and increasing the upgrade price; conversely,
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if the product has a long upgrade interval, the firm
should increase the initial product price and lower the
upgrade price. Study 2 also reinforces the results of
Study 1, isolating the effect of time by keeping effort
and quality constant across the alternatives.
Finally, in Study 3 we focus on the upgrade/replace
decision faced by a consumer who already owns
a modular product. Based on temporal construal
(Liberman and Trope 1998) and resource slack
(Zauberman and Lynch 2005) theories, we hypothesize and find that consumers prefer full product
replacement when they are temporally distant from
the moment of upgrade (as they focus on the quality
differences between the two alternatives); however,
when faced with an immediate replacement, they prefer to upgrade the module (because of increased sensitivity to cost considerations). Hence, at the point of
initial purchase, consumers may overlook the value
of modularity, even though they would benefit from
it later on. In further pursuing ways to encourage the
adoption of modular products, we explicitly manipulate the quality and effort associated with modularly
upgrading the product. We hypothesize and find that
by reducing the perceived quality differential between
the two alternatives, it is possible to largely overcome
this behavioral bias, thus increasing the value of modular upgrades for consumers not only at the moment
of replacement, but also earlier, when they are making
their initial purchase decision.

2.

General Framework,
Hypotheses, and Road Map

Our work is aimed at understanding how consumers
value modular products in settings featuring technological progress. We consider both the initial choice
between a modular and an integral product, and
the upgrade decision that occurs after a length of
time T , which we label upgrade interval (see Figure 1).
A modularly upgradeable product allows the consumer to save money in the future when upgrading
the product, as only a few improving components
are replaced instead of the entire product. Hence, one
would expect the consumer to be willing to pay a premium for a modular product. This premium depends
Figure 1

Two Stages of the Decision Process

Replace module
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on several factors. First, based on the temporal distance T , the consumer may value the savings more
or less. Second, the consumer can perceive that when
upgraded at time T , a modular product will have a
lower level of quality relative to full product replacement. Finally, there may be a higher level of effort
that must be exerted by the consumer in making the
upgrade. Below we discuss the effect of each these
factors and derive our hypotheses.
2.1. Consumers’ Initial Valuation of Modularity
When choosing between a modular product and an
integral product, consumers face a trade-off between
a larger up-front investment for the modular alternative and cost savings in the future.2 They need to
pay a higher price for the modular product, but in
the future, this allows them to upgrade the product
to the latest technology at a lower cost. On the other
hand, if they choose the integral alternative, they pay
less in the present, but forego future savings opportunities. With the costs and benefits spread over time,
an important aspect of this decision is its intertemporal nature, which is commonly represented using
the discounted utility model (Samuelson 1937). At any
time t, the future consumption utility 4xt 1 0 0 0 1 xT 5 can
PT −t
be represented by U t 4xt 1 0 0 0 1 xT 5 = k=0
D4k5u4xt+k 5,
where D4k5 = 1/41 + R5k . According to this model,
rational decision makers equate their marginal rates
of substitution between present and future money
to the market interest rate; all disparate motives
underlying the choice are captured by a single timeinvariant parameter, the discount rate R (Frederick
et al. 2002), which applies across different individuals and contexts (Read 2004). Nevertheless, behavioral
research has identified many ways in which actual
behavior deviates from this normative model. Among
the best documented of these “anomalies” is hyperbolic discounting (Frederick et al. 2002, Soman et al.
2005): In both human and animal experiments, it is
observed that rather than the exponential function
assumed in the discounted utility model, the form of
the discount function is better represented by a hyperbola (Ainslie 1974, Loewenstein and Prelec 1992, Ebert
and Prelec 2007). A number of studies have confirmed
that preferences follow a hyperbolic curve rather than
the conventional, exponential curve that would produce consistent choice over time (for a review, see
Frederick et al. 2002). Hyperbolic discount functions
are thus “characterized by a relatively high discount
rate over short horizons and a relatively low discount
rate over long horizons” (Laibson 1997, p. 445).
2

The modular product may be more expensive because of the need
for a more robust design and a base module that will remain relevant for a longer time, larger production costs, and/or because of
the manufacturer’s pricing policy.
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In line with both exponential and hyperbolic discounting, we expect consumer willingness to pay for
modularity (i.e., the premium that consumers will
pay when initially buying a modular product relative to a comparable integral product) to be lower for
products with long time intervals between the initial
purchase and the upgrade; as the upgrade interval
increases, future cost savings from modularity should
be discounted more heavily. However, in accordance
with hyperbolic discounting, the imputed discount
rate R should be higher for shorter upgrade intervals and lower for longer upgrade intervals (rather
than remaining constant with the upgrade interval, as
would be expected under exponential discounting).
Hypothesis 1. Consumers discount savings from modular products with shorter (longer) upgrade intervals at
higher (lower) discount rates.
Consider the firm selling the modular product.
If, as hypothesized, the consumers’ imputed discount
rate is higher for short time intervals and lower for
longer time intervals, one would expect the consumers’ discount functions to cross that of a firm
using exponential discounting. Said another way, one
would expect that consumers value the benefits of
modularity less than the firm for short time horizons,
and more than the firm for long time horizons. By
taking this consumer bias into account when making its pricing decisions, the firm can raise its total
discounted profits. More specifically, with a short
upgrade horizon, the firm can increase its total discounted profits by charging less for the product up
front and more for the upgrade (as compared to
what it would optimally charge in the absence of this
consumer bias). On the other hand, with a longer
upgrade horizon, the firm should charge more up
front for the product and less for the upgrade.3 Formally stated:
Hypothesis 2. The firm’s total discounted profits can
be improved by charging a low (high) up-front price and a
high (low) upgrade price for products with shorter (longer)
upgrade intervals.
2.2.

Intertemporal Changes in Consumers’
Valuation of Modularity
Although modular products allow low cost upgrades
by enabling the replacement of specific components
and retaining the rest, upgraded products may be perceived to be of inferior quality compared to full product replacement. Even if modular upgrades improve
3

Differently from consumers who often make ad hoc purchase decisions on the spot, firms determine pricing policies well in advance
of a specific selling opportunity. Thus, although individual managers may be prone to the same types of biases, the firm can put
in place certain decision rules (through decision support systems)
that minimize biased decisions.
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the performance of a critical component, consumers
may feel that the remaining parts (even if less important to the product’s overall performance) will underperform, will be less reliable, or simply look and feel
obsolete. To the extent that the upgraded product
is seen to have inferior quality (because of performance, reliability, or aesthetics), full product replacement will be more appealing. Conversely, modular
upgrades will become more attractive if quality concerns are minimized, for example, by offering manufacturer warranties that cover the entire upgraded
product.
We expect that when consumers are temporally distant from the moment of upgrade, they will focus
on the quality differences between the two alternatives,
and hence they will anticipate making a full product replacement in the future; however, when faced
with an immediate replacement, they will be more
sensitive to cost differences, and hence they will prefer a modular upgrade. This is supported by temporal construal (Liberman and Trope 1998; Trope and
Liberman 2000, 2003) and resource slack (Zauberman
and Lynch 2005) theories, which suggest that people may change their preferences over time because
of changes in decision weights placed on different
attributes of outcomes.
According to temporal construal theory, decision
weights vary with time because of changes in mental representations.4 Specifically, individuals place a
larger relative weight on the desirability of an outcome when temporally distant from the outcome, but
focus on its feasibility when the outcome is in the
immediate future.5 In our context, a brand new product acquired through full replacement offers superior
overall quality, and hence is more desirable, but it is
less feasible due to higher price. Meanwhile, because
most existing components are retained, the modular
upgrade is more cost effective, and hence feasible,
but less desirable due to inferior perceived quality.
Hence, temporal construal theory predicts that full
replacement at a distant time is more appealing than
a modular upgrade, because a larger weight is placed
on desirability (i.e., quality) and a smaller weight on
feasibility (i.e., cost). Meanwhile, a modular upgrade
4

According to Trope and Liberman (2003, p. 409), “primary interests, compared with secondary interests, may carry more weight
in distant-future than near-future decisions. Secondary advantages
or disadvantages of distant-future activities are therefore unlikely
to prevent one from making unequivocal decisions according to
their primary, superordinate goals. However, as one gets closer in
time to engaging in the activities, secondary considerations may
become increasingly influential and capable of inducing conflict
and hesitation.”
5

According to Liberman and Trope (1998, p. 7), “desirability refers
to the valence of an action’s end state, whereas feasibility refers to
the ease or difficulty of reaching the end state.”
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becomes more appealing when the upgrade moment
is near because of the larger relative weight of feasibility and a smaller relative weight of desirability.
According to resource slack theory, the rates at
which resources such as money and time are discounted depend on their expected future availability;
when individuals expect a resource to be more abundant in the future, they discount it more heavily.6 As
expectations of availability of a resource change over
time, so do the discount rates used for that resource.
The prediction of resource slack theory is in the
same direction as that of temporal construal: Given
the expectation of higher future wealth (Arabsheibani
et al. 2000, Zauberman and Lynch 2005, Zhang
et al. 2008, Tam and Dholakia 2011), the weight of
cost differences decreases with temporal distance;
with a relatively small weight placed on cost, and
hence a relatively large weight on quality, full product replacement is attractive when looking into the
distant future. However, if the upgrade decision
occurs in the immediate future, the salience of current budgetary constraints makes the low-cost modular upgrade more appealing. Hence, both temporal
construal theory and resource slack theory predict the
following:
Hypothesis 3. The attractiveness of a modularly upgraded product will be higher in the immediate future than
in the distant future.
Expectations of effort may also play a role in the
upgrade/replace decision. Although upgrading a
modular product should not require more than a reasonable amount of time investment, it may be perceived to be effortful, in particular if the product is not
designed to be upgraded easily, or if consumers are
not confident about their technical skills. To the extent
that modular upgrades are seen as more effortful,
we expect a higher consumer preference for replacing the entire product. Conversely, we expect modular
upgrades to become more appealing if the associated
effort is eliminated, for instance, through a modified
design that allows old components to be unplugged
and the new ones to be plugged in with little
effort.7
Making clear predictions about the interaction of
effort with time is not straightforward. First, effort
is a multidimensional construct: In addition to the
expenditure of time, successful task completion may
6

We thank an anonymous reviewer for suggesting this conceptual
account.
7

It is possible that in certain contexts full product replacement
requires more effort than modular replacement because of customer
switching costs (e.g., learning to use a new product). In that case,
both low cost and low effort would favor modular upgrade; hence,
it would dominate the full replacement option in the absence of
quality differences.
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require different skills, and the effort itself may have
positive utility (the “IKEA effect”; see Norton et al.
2011). Furthermore, time is perishable and is not readily exchangeable; the opportunity cost associated with
time is ambiguous, and time constraints are relatively
elastic (Okada and Hoch 2004). Hence, consumers
cannot account for effort in a manner similar to how
they account for money. Having no a priori expectations as to whether the modular upgrade alternative
becomes more or less attractive with increasing temporal distance in the presence of effort (i.e., a specific
time by effort interaction effect), we leave this question to be addressed empirically.
2.3. Road Map for the Studies
We conduct three studies to test the above hypotheses. Study 1 (see §3) focuses on the Stage 1 decision
of choosing between modular and integral versions
of a product and elicits the premiums respondents
are willing to pay for a modular product through a
series of choice tasks. We test whether consumers use
higher discount rates for products with short upgrade
intervals and lower discount rates for products with
long upgrade intervals (Hypothesis 1). This is important, because in the presence of such a bias, the firm
can adjust its prices to make a modular product more
attractive, and thereby increase its profits. Because
Study 1 involves choices between modular and integral products, which may be perceived to differ in
quality and the effort entailed, we measure perceptions of relative quality and effort and control for
their role in the consumers’ valuation of the modular
product.
In Study 2 (see §4), we present a scenario wherein
respondents choose between two pricing plans for a
modular product, rather than choosing between modular and integral products. This experimental design
fixes perceptions of quality and effort across two alternative pricing plans and thereby isolates the hyperbolic discounting effect (Hypothesis 1). Importantly,
with this study we also test whether the firm can
indeed increase its profits by adjusting prices, taking into account hyperbolic discounting by consumers
(Hypothesis 2).
Finally, to further inform us as to how consumers
perceive the value of modularity at different points
in time, in Study 3 (see §5) we compare the eventual
Stage 2 decision (of whether to upgrade a modular
product or replace it with an entirely new one) with
the decision that was anticipated at the point of initial purchase. In this study, we explore the effects of
temporal distance, quality, and effort within a full factorial design and test Hypothesis 3. Collectively, these
three studies complement each other in addressing
consumers’ valuation of modular products.

3.
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Study 1: The Choice Between
Integral and Modular Products

Study 1 examines whether consumers are willing to
pay a premium for modular products when they
make their initial purchase (i.e., Stage 1 in Figure 1),
and how this premium varies with the upgrade interval. We elicited this premium by asking participants
to make a series of choices between modular and integral versions of a product at different price points
and estimating the discount rates for different lengths
of the upgrade interval (manipulated between subjects). Because the estimated premium can also reflect
potential concerns about perceived quality, effort,
and uncertainty of the eventual modular upgrade,
we employ these factors as covariates.
3.1. Participants and Design
Two hundred and seven undergraduate students from
a private metropolitan university on the East Coast
participated in this experiment for course credit (see
the appendix for details). Participants made a series
of choices between an integral (iMac) and a modular (Mac mini) desktop computer that they would
upgrade in the future (participants were randomly
assigned to T = 1, 2, or 4 years). The modular product
cost more, but it could be upgraded at a lower cost
in the future. The quality of the modularly upgraded
product was described as comparable to that of the
new product, and the upgrade effort was described
as minimal. To elicit the maximum up-front premium
that respondents were willing to pay for the modular product (PremiumT 5, participants were presented
with a sequence of six choice tasks wherein they
chose between a modular and an integral computer,
with prices of the modular version (PiM at choice i)
adjusted sequentially to hone in on the respondent’s
indifference point (for similar choice titration studies,
see Read et al. 2005, Scholten and Read 2006, Weber
et al. 2007, Krupka and Stephens 2010). All respondents started with P1M = $11500, and the remaining
prices were kept constant ($1,200 for both generations of the integral product; $600 for the modular
upgrade). After decision i, PiM was adjusted downward (upward) if the integral (modular) product was
chosen. The magnitude of the price adjustment (Si 5
was reduced by half each time.8
3.2. Measures
The premium paid for the modular product was
estimated as PremiumT = P6M − 11200 + S5 /2 if the
modular product was chosen and PremiumT = P6M −
11200 − S5 /2 if the integral product was chosen. Given
that the modular product saves $600 at time T , the
8

The step sizes (Si 5 were 8$150, $75, $37, $18, $99. All price points
in our studies were pretested for realism.
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Means for Modularity Premium and Annual Discount Rates

Table 2

RT

Premium

Regression Results for PremiumT , RT , and ln4RT 5 with
Respect to Time, with Covariates
RT

PremiumT
T

N

Mean

S.E.

Mean

S.E.

1 year
2 years
4 years

75
73
59

44409
39506
34907

2009
2404
3003

6004
1019
0049

2057
0031
0099

Mean

effective
p annual discount rate RT was imputed as
RT = T 600/PremiumT − 1 for T = 1, 2, and 4. After
the choice tasks, the participants also answered questions about the perceived quality of the modular
product relative to the integral one (PercQuality), the
effort involved in upgrading the modular product
(PercEffort), and the likelihood of eventually upgrading the modular product (UpgradeCertainty).
3.3. Results
When asked to recall the time interval between the
initial purchase and the upgrade, 96.6% of the respondents correctly identified the time T associated with
their experimental condition, suggesting that the time
manipulation was successful.
Table 1 presents the average values for the modularity premium (PremiumT 5 and the annual discount
rate (RT 5. First, as expected, the modularity premium
decreased with the time until the upgrade, T (M1 =
444091 M2 = 39506, and M4 = 34907). A one-way analysis of variance (ANOVA) run on PremiumT yielded
a significant time effect (F21 204 = 30551 p < 0003). Second, in line with hyperbolic discounting, mean RT
is decreased with the time interval, rather than staying constant, as would be expected under exponential
discounting. Participants discount the future savings
arising from the modular architecture heavily when
the upgrade interval is short (R1 = 6004), less heavily for intermediate periods (R2 = 1019), and even less
so for longer periods (R4 = 0049). ANOVA on these
discount rates uncovered a significant main effect of
time (F21 204 = 30521 p < 0004). When the respondents
with the most extreme values of premium estimates
(i.e., those who selected either the modular or the integral product six times in a row) were excluded from
the analysis, the imputed discount rates (R1 = 1018,
R2 = 0051, and R4 = 0028) were still decreasing with
T as predicted (F21 125 = 30711 p < 0003).9 Hypothesis 1
was thus supported.
Although the decision between the modular and
the integral products is in its essence about cash
(i.e., trading off extra payment today for savings in
the future), considerations such as quality, effort, and
upgrade certainty may also play a role in the choice
9

The nonparametric Kruskal–Wallis tests were in agreement with
the ANOVA results.

T
PercQuality
PercEffort
UpgradeCertainty
Adjusted R 2
∗

−2507∗
7209∗∗∗
−1803
2701∗∗
0.20

S.E.
1009
1300
1007
905

Mean

ln4RT 5
S.E.

−1082∗ 0078
−2015∗ 0093
0012
0077
−0085
0068
0.04

Mean
−0037∗∗
−0090∗∗∗
0027∗
−0035∗∗
0.20

S.E.
0013
0016
0013
0011

p < 0005; ∗∗ p < 0001; ∗∗∗ p < 00001.

between modular and integral products. To check the
robustness of the above findings, we ran a series
of linear regressions for PremiumT , RT , and ln4RT 5,
including PercQuality, PercEffort, and UpgradeCertainty
as covariates.10 The results are presented in Table 2.
All models are significant at p < 0005 or better.
The results regarding the effect of time are clear:
Both modularity premium and discount rate decrease
with time. Hence, we conclude that the relationship
between the modularity premium and the upgrade
interval (and therefore the valuation of modularity
by consumers in general) is in line with hyperbolic
discounting.
3.4. Discussion
To summarize our findings in Study 1, we find that
in general consumers value modularity, and they are
willing to pay a premium for modular products at
initial purchase. The modularity premium decreases
with the time to upgrade, as the upgrade savings
become more distant. However, the discount rates
also decrease with the upgrade interval, in accordance with hyperbolic discounting: When upgrades
occur in the near future, people exhibit very steep
discount rates in valuing the cost savings from modularity; when the time to upgrade is long, the discount
rates are significantly lower. This points to systematic biases in consumers’ valuation of modularity relative to the time-invariant discount rate, which is the
normative benchmark; because of discount rates that
vary with delay, consumers may not value modularity sufficiently for short time intervals and may value
it too highly for long durations.11 This systematic bias
can create an obstacle against the adoption of modular products when the upgrade intervals are short.
Conversely, this may facilitate the adoption of modular products when upgrade intervals are long. Hence,
10

The logarithmic transformation of the discounting rate was made
to normalize the variable.
11

These results have been replicated with different designs (within
and between subjects), measurement methodologies (matching and
choice titration), and populations (undergraduate students, executive MBAs).
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Table 3

Means for the Camera (1, 4 Years) and the Air Conditioner (4, 8 Years)
Camera

Air conditioner

T

N

PremiumT

S.E.

RT

S.E.

N

PremiumT

S.E.

RT

S.E.

1 year
4 years
8 years

83
86
—

$25608
$22703
—

6011
8090
—

0027
0013
—

0005
0003
—

—
90
79

—
$74204
$66304

—
2006
3200

—
0009
0008

—
0003
0002

modular upgradeability as a product feature may
have a higher profit potential for a slowly improving product over a more rapidly improving one. This
finding also has interesting pricing implications; it
suggests that by incorporating this consumer bias in
its pricing decisions, the firm can increase its profits.
We elaborate on these pricing implications and test
them in §4.

4.

Study 2: Hyperbolic Discounting
and Its Pricing Implications

Study 2 seeks further evidence for hyperbolic discounting in the valuation of the future cost savings
associated with a modular product. Rather than choosing between modular and integral products, respondents were told they were buying a specific modular
product and were asked to make a series of choices
between two pricing plans for it: a high purchase price
and a low upgrade price (Plan HL) versus a low purchase price and high upgrade price (Plan LH). Hence,
this study keeps perceived quality and effort constant,
allowing us to tease out the effect of the time interval on the valuation of the future cost savings. Importantly, we also test the pricing implications that arise
from Study 1.
4.1. Participants and Design
One hundred and sixty-nine undergraduate students
from a private metropolitan university on the East
Coast participated in this experiment for course
credit. Participants were presented with a series
of choice tasks for two separate modular products, a digital photo camera and an outdoor home
air-conditioning unit (A/C), with the two products
presented in random order. Participants were randomly assigned to a time condition for each product,
[11 4 years] for the camera and [41 8 years] for the
A/C. The camera’s upgradeable module consisted of
its lens/sensor module, whereas the A/C’s upgradeable module was its compressor (see the appendix).
As in Study 1, a choice titration algorithm was used
to estimate the premium that respondents were willing to pay up front for the modular platform to
save money later. For the camera, respondents made
six consecutive choices between two pricing plans: a
$1,200 initial price for the modular product purchase
and $400 for the subsequent upgrade (LH), or a price

PiM greater than $1,200 for the initial modular purchase and $100 for the subsequent upgrade (HL).12
Starting from the initial price P1M = $11350, after each
decision i, PiM was adjusted downward if option LH
was selected and upward if HL was chosen, with
decreasing step sizes Si .13 The design was similar for
the A/C except that all prices listed were triple those
of the camera.
4.2. Measures
After eliciting the premium paid under Plan HL
(Premium
T 5, the discount rates were estimated as RT =
p
T
300/PremiumT − 1. After the choice tasks, participants also answered questions about the extent to
which uncertainty about the future weighed in their
upgrade choices (Uncertainty) and about the level of
their product knowledge (Knowledge).
4.3. Results
Average premiums and discount rates for the camera and the air conditioner are shown in Table 3.
In line with Hypothesis 1, we find larger discount
rates for short life cycles and smaller discount rates
for long life cycles. Upgrade intervals used for camera involved both short (T = 1 year) and long (T =
4 years) time horizons. A one-way ANOVA indicates that PremiumT is decreasing with T (F11167 = 7034,
p < 0001). ANOVA shows RT and ln(RT ) to also be
significant over T (F11167 = 4056, p < 0004 and F11167 =
11010, p < 00001, respectively).14 When Uncertainty and
Knowledge are introduced as covariates, the effect of
T on PremiumT and RT is still statistically significant. Because of the nature of the product, the experimental design for air conditioning involved two long
upgrade intervals (4 and 8 years). A one-way ANOVA
suggests PremiumT decreases with T 4F11167 = 4053,
p < 0004). The time effect is not significant for RT
and ln4RT 5 (F11167 = 0001 and F11167 = 1057 respectively,
p > 0020), which is not surprising given the relatively
large T values of 4 and 8 years—under hyperbolic
discounting, the difference between imputed discount
12
At upgrade time, Plan HL saves the consumer ($400 − $1005 =
$300 over Plan LH (for the A/C, the savings is $900).
13

The step sizes were 8$75, $37, $18, $9, $49 for the camera and
8$2251 $112, $56, $28, $149 for the A/C.
14

The nonparametric Kruskal–Wallis tests were in agreement with
the ANOVA results.
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Table 4

Comparison of the Firm’s and the Consumer’s Net Present
Values for the Difference Between the Future Upgrade Prices
Under Two Pricing Plans
NPVC

T
Camera
1 year
4 years
A/C
4 years
8 years

NPVF

(Premium)

(RF = 10%)

(RF = 12%)

Pricing
strategy

$25608
$22703

$27207
$20409

$26709
$19007

LH
HL

$74204
$66304

$61407
$41909

$57200
$36305

HL
HL

Figure 2

1.0

Proposed Pricing Strategies for Long and Short Upgrade
Intervals 4RF = 10%5
Short upgrade intervals:
Low initial price and
High upgrade price (LH)

Long upgrade intervals:
High initial price and
Low upgrade price (HL)

0.9

NPV/future savings

rates for two large values of T would be minimal, and
thus larger sample sizes are required to establish the
time effect on RT with statistical significance. Summarizing the camera and air-conditioner results, with
quality and effort fixed, we continue to find support
for Hypothesis 1: Consumers discount future savings
more heavily for short time horizons and less heavily
for long time horizons.
We now turn to testing Hypothesis 2. A lower
upgrade price implies future cost savings for consumers and a future revenue loss for the firm. For
products with short upgrade intervals (e.g., one year),
we expect consumers to value the future savings
less than the firm; hence, the firm could increase its
total discounted profits by following pricing plan LH,
lowering the initial price and raising the upgrade
price (relative to how it might otherwise price in the
absence of this consumer bias). Conversely, for products with long upgrade intervals (e.g., four to eight
years), we expect consumers to value future savings
more than the firm; in this case, the firm would benefit from a higher up-front price and a lower upgrade
price (pricing plan HL). To test this hypothesis, we
compare the net present value of the consumers’
future savings NPVC (which is equal to Premium) to
the net present value of the firm’s future revenue
losses, NPVF (see Table 4). Although we report the
statistical tests assuming a discount rate of RF = 10%
for the firm, similar results were obtained under a
range of discount rate assumptions.
For the camera, when the time interval is short
(one year), NPVC < NPV F (t82 = −20611 p < 0001).
Hence, the firm is better off following a pricing strategy wherein a lower price is charged up front, and
a higher price is charged for the upgrade (i.e., LH).
When the time interval is long (four years), NPVC >
NPV F (t85 = 20531 p < 0001). Hence, the firm is better
off following a pricing strategy wherein a higher price
is charged up front and a lower price is charged for
the upgrade (i.e., HL). Because of the nature of the
product, both upgrade intervals for the A/C were relatively long. For both four and eight years, NPVC >
NPV F ; thus, the firm should charge a higher price

Customer

0.8

Customer

Firm

0.7

Firm

0.6
0.5

Camera

Air conditioning

0.4
1

4

8

Years between purchase and upgrade, T

up front and a lower upgrade price in both cases
(t89 = 6021, p < 00001 for four years; t78 = 7062, p < 00001
for eight years). Hypothesis 2 is thus supported. Figure 2 illustrates this finding for the camera and the
A/C. To facilitate comparison across products, all
NPVs are normalized by the upgrade price differences (i.e., NPVs were divided by $300 for the camera
and $900 for the A/C).
4.4. Discussion
This study reinforces the finding that consumers use
hyperbolic discounting in valuing savings from modularity, isolating the effect of time by keeping effort
and quality constant. It also identifies how firms
should adjust their pricing policies when facing consumers exhibiting hyperbolic discount functions. We
show that in the presence of this consumer bias, the
firm could increase its profits by varying its pricing strategy based on the product’s upgrade interval.
For products with short upgrade intervals (e.g., one
year), the optimal policy should reflect people’s tendency to undervalue future savings; hence, the initial price should be relatively lower and the price for
the upgrade relatively higher (compared to the optimal pricing absent this consumer bias). By following
this strategy, the firm shifts revenues into the future.
However, as it has a lower discount rate relative to
the buyer over the interval, the firm increases its total
discounted profits by charging a higher price in the
future. Conversely, for products with long upgrade
intervals (e.g., four to eight years), the firm should
charge a higher price up front for the initial product
and sell the upgrade at a lower price (or even provide
it for free), given that consumers tend to overvalue
the price savings for distant upgrades. This time, the
firm shifts revenues from the future to the present.
We thus provide an “existence proof” for the aforementioned pricing policies for a range of reasonable
discount rates for the firm. It is the crossover between
the firms’ and the consumers’ discount functions (due
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to a systematic decrease in consumers’ discount rates
with the time interval) that forms the basis for this
pricing policy. If the firm has a much higher discount
rate relative to the consumer, then it is possible that
this range where the LH policy is optimal may not
exist; similarly, if the firm has a much lower discount
rate, the HL policy may never be optimal.15

5.

Study 3: The Impact of
Quality and Effort

Study 3 compares the eventual upgrade decision with
the upgrade decision anticipated at the point of initial purchase. Building on Studies 1 and 2, it further
informs the initial choice between modular and integral products because this depends on consumers’
expectations about whether they will actually exercise
the upgrade option or purchase a brand new product
instead. We explore the effect of temporal distance to
the upgrade, as well as those of quality and effort differences across upgraded and new products, manipulating all three factors.
5.1. Participants and Design
Three hundred and forty-seven respondents from
Amazon’s Mechanical Turk online panel were recruited
to participate in this experiment and were paid for
their participation.16 Participants were presented with
a series of choice tasks wherein they had to select
between upgrading a digital photo camera by purchasing a brand new one or by replacing its lens/
sensor module. Like in Studies 1 and 2, a titration
algorithm presented respondents with different price
points. Participants were randomly assigned to one
of eight conditions that crossed time (upgrade tomorrow or in two years), upgrade quality (low or high
quality), and upgrade effort (low or high effort).
Time Manipulation. Participants in the immediate
future condition were told, “Imagine that you own
a two-year-old GXR camera. You need a faster lens
and more advanced sensors now but the remaining
parts of your camera are in perfect shape. You have
15
There may be implementation challenges for both policies. The
LH policy would require switching costs or insuring that the customer follows through with the eventual upgrade (see Shapiro and
Varian 1999). The HL policy requires the firm to credibly commit
to providing upgrade components, at the promised price and time.
Given the implementation issues to be resolved, further research
is required to establish the optimal pricing strategies in different
contexts.
16
Amazon.com’s M-Turk has been successfully used in academic
research in recent years (see Paolacci et al. 2010, Buhrmester et al.
2011). Respondents were paid rates competitive with other panel
studies. The sample’s demographics represented the adult U.S. consumer well (80% employed full time; 59% female; a median income
of $30,000; 27.7% with a high school diploma; 53.7% with an education level of associates degree or higher). All sample descriptive
statistics are available upon request.
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two options to upgrade your GXR camera tomorrow.”
For participants in the distant future condition, the
scenario was replaced with the following: “Imagine
that you just bought a new GXR camera. After two
years of usage, you will need a faster lens and more
advanced sensors but the remaining parts of your
camera will be in perfect shape. You will have two
options to upgrade your GXR camera in two years.”
Note that the effect we investigate is independent of
perceptions of product depreciation (see Okada 2001).
In both scenarios, the product is/will be two years
old at the time of the upgrade decision, and therefore,
it will have depreciated to the same extent.
Quality Manipulation. The high-quality condition
involved the following description: “Even if you
replace only the lens/sensor, Ricoh renews the warranty for the entire unit as if it were entirely new.”
For participants in the low-quality condition, this
was replaced with: “Since you replace only the
lens/sensor, Ricoh does not provide any warranty.
The upgraded camera is also about 20% bulkier than
a new one.”
Effort Manipulation. Participants in the low-effort
condition were told, “After you purchase the new
more advanced lens/sensor module, you will unplug
the old module and plug in the new one. This process
should take less than a minute.” Meanwhile, those in
the high-effort condition were told, “After you purchase the new more advanced lens/sensor module,
you will personally disconnect and remove the old
module (by unscrewing eight very sensitive miniature
screws), locate the connecting pins, align and match
the module to the camera body at a perfect angle to
avoid damage, carefully drop the module into place,
and slowly reinsert the miniature screws. This process
will take about 30 minutes” (see the appendix).
5.2. Measures
Willingness to pay for the upgrade (UpgradeValue)
was estimated through choice titration: Participants
made a series of choices between buying a brand
new camera for $900 and upgrading the lens/sensor
module at a lower price (starting at $450 and varying based on responses).17 Two additional questions captured (on seven-point scales) the extent
to which expected money and time budgets at
the time of upgrade constrained choices (CashConstraint and TimeConstraint, respectively). Also, respondents’ confidence in their ability to perform the
upgrade (Confidence), expectation of price changes
over time (PriceChange), perceptions of relative quality
(PercQual), and effort levels (PercEffort) between the
two options were measured on seven-point scales
(1 = lower for full replacement, 4 = same, 7 = higher
17

The step sizes were 82251 1121 561 281 141 79.
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Effects of Quality , Time, and Effort on the Willingness to Pay
for the Upgrade in Study 3
UpgradeValue

Time

High
In 2 years

N

Mean

S.E.

%Choosing Modular (%)

Low
High
Low
High

45
41
43
53

64303
71006
56307
65301

2508
2201
3308
2904

8202
9501
3409
6908

Low
High
Low
High

48
40
40
37

56209
69901
46005
66101

3304
2908
3909
3302

5000
9000
1500
6202

Effort Quality

Tomorrow Low

Low
High

%Choosing Modular
Upgrade at P1M = $450

for modular replacement). Finally, respondents were
asked to provide open-ended reasoning for their
choices, which were coded into four categories: monetary cost, upgrade effort, quality discrepancy, and others (CodeCost, CodeEffort, CodeQuality, and CodeOther,
respectively). If a respondent mentioned more than
one category, all applicable variables were coded as 1.
Agreement between two judges (blind to respondent
condition) occurred in over 93% of cases, and disagreements were resolved through discussion (see the
appendix for sample codings).
5.3. Results
A manipulation check on the perceived effort associated with the low- and high-effort conditions revealed
the expected difference. Perceptions measured on a
seven-point scale were significantly different: MLowE =
4013, MHighE = 5058, t345 = 10010, and p < 00001. Similarly, perceptions of quality across the low- and
high-quality conditions were significantly different:
MLowQ = 3068, MHighQ = 3092, t345 = 2010, and p < 0004.
An ANOVA on the UpgradeValue variable with the
three experimental factors as predictors uncovered
significant main effects for each factor (F11339 = 4042,
p < 0004 for Time; F11339 = 9071, p < 0001 for Effort;
and F11339 = 30069, p < 00001 for Quality; see Table 5).
As expected, higher quality (suggested via warranty
and size) and lower replacement effort (offered via
plug-in design) both resulted in higher values for
modular upgrade (UpgradeValue was $679.4 versus
$560.4 for high versus low quality; and $649.8 versus $588.1 for low versus high effort, respectively).18
When respondents’ confidence in their technical skills
(Confidence) was included as a covariate, its effect was
significant (F11338 = 550791 p < 00001), and the main
effect of Effort was weakened (F11338 = 30801 p = 0005).
Hypothesis 3 was supported: Modular upgrades
were valued more highly for decisions in the immediate future ($642.5 if upgrading tomorrow versus $593.1 in two years). Furthermore, a significant
18

The nonparametric Kruskal–Wallis tests were in agreement with
the ANOVA results.

interaction was observed between time and quality (F11339 = 4009, p < 0004), suggesting that the perceived quality difference has less of an effect on
upgrade decisions in the present than when planning for a future upgrade; that is, when the modular upgrade resulted in inferior quality, consumers’
stated preferences favored a brand new product
(i.e., full product replacement) in the distant future,
but favored the cheaper modular upgrade in the
immediate future. This change in preferences over
time was not observed when upgrade quality was
high.19 The interaction between time and effort was
not significant.
To assess whether the higher UpgradeValue in the
tomorrow condition is indeed driven by increased
focus on cost considerations (i.e., captured by budget constraints), we performed a mediation analysis
(Baron and Kenny 1986). First, we used regression
to establish that the time condition was significantly
related to the upgrade preference:  = −2407, p < 0004.
Second, a linear regression confirmed that the time
condition predicted CashConstraint, the perceived budget constraint, at the time of upgrade:  = −0019,
p < 0002. Third, CashConstraint was a significant predictor of UpgradeValue:  = 40065, p < 00001. Finally,
to examine whether budget constraint perceptions
mediate the effect of time condition on upgrade,
we simultaneously entered both Time and CashConstraint into the regression. CashConstraint remained
predictive ( = 39017, p < 00001), whereas the effect of
time condition was rendered insignificant ( = −17041,
p > 0012). A Sobel test of the mediating effect was
significant (z = −2017, p < 0003), indicating that expectations of a budget constraint mediate the effect of
time condition on UpgradeValue. Similar mediating
effects were not observed for time budget perceptions, despite the presence of a significant relationship
between TimeConstraint and UpgradeValue ( = −1602,
p < 0001). Thus we conclude that the relative preference reversal we observe is driven by changes in the
salience of monetary cost considerations over time.20
19

Recall that all respondents saw the same initial upgrade price
of $450. Analysis of choices at this price yields similar results:
Overall, a larger fraction of respondents chose the $450 modular
upgrade in the tomorrow condition than in the two-year condition (54% versus 70%, 12 = 3082, p < 0005). The logistic regression coefficients for both time ( = −00721 p < 0005) and effort
( = −10101 p < 0001) are significant for the low-quality conditions;
however, for the high-quality conditions, effort has a significant
impact ( = −10101 p < 0001), but the time effect is not significant.
20

Respondents expected the average camera price (PriceChange)
to remain approximately the same over time (M = 4011; contrast
versus 4 (middle of the scale): t43185 = 1025, p > 0020). Moreover,
using PriceChange as a covariate in the main ANOVA did not
change any of the observed effects. Thus, the affordability effect
observed does not come from prices dropping in the future, but,
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Table 6

Participants’ Open Thoughts in Study 3
Categories of thoughts mentioned (%)

Time

Effort Quality CodeCost CodeEffort CodeQuality CodeOther

Tomorrow

Low

Low
High
Low
High

9303
9706
9300
9403

202
703
4402
4901

6000
4603
5102
2405

607
1202
1106
705

Low
High
Low
High

8906
9000
8705
9109

201
500
4000
3501

6205
5000
7000
3204

803
1205
705
1305

Tomorrow Overall Overall
In 2 years

9405
8907

2609
1904

4405
5405

903
1003

Overall

Low
High

Overall

9205
9109

400
4208

5502
4304

908
908

Overall

Overall

Low
High

9009
9306

2100
2507

6008
3704

805
1101

Overall

Overall Overall

9202

2303

4903

908

High
In 2 years

Low
High

Finally, to provide further process measures,
we analyzed participants’ open thoughts, which were
coded into the four categories described. Table 6 indicates that cost savings (92.2%), perceived quality differences (49.3%), and effort (23.3%) largely capture
the reasoning for the choices made, with only 9.8%
mentioning other factors (e.g., environmental impact,
uncertainty, learning, and resell value). First, as would
be expected, respondents were less likely to mention upgrade difficulty when they were presented
with the plug-in design that reduced the upgrade
effort (12 = 72080, p < 00001). Second, respondents
were more likely to mention quality concerns in the
low-quality condition (12 = 18095, p < 00001). Finally,
the effects of time over cost (12 = 2079, p < 001), quality (12 = 3049, p = 0006), and effort (12 = 3023, p < 001)
were marginally significant; quality was more likely
to be mentioned in the two-year conditions, whereas
cost and effort were more likely to be mentioned in
the immediate future conditions.
These insights complement the ANOVA findings
well. In general, upgrading a product is perceived to
be a rather effortful task that is to be avoided if possible; furthermore, there may be concerns regarding
the reliability and performance of the upgraded product. On the other hand, consumers do acknowledge
the cost savings from the modular upgrade. In balancing these cost, quality, and effort considerations,
consumers can be swayed to modularly upgrade by
reducing effort (e.g., via product design) and improving perceived quality (e.g., through more durable
designs and warranty extensions).
as hypothesized, from more budgetary resources being available
then. Alternatively, using PriceChange as a covariate in the main
ANOVA did not change any of the observed effects.
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5.4. Discussion
As hypothesized, we find that people prefer full product replacement (i.e., a brand new product) at a distant future, even when it is much more expensive
($900 versus $450); yet when the upgrade is imminent, they tend to settle for the lower-cost modular
upgrade. This suggests that, at the point of initial
purchase, consumers may underestimate their likelihood of making low-cost component upgrades. If
a market study were to be conducted at the point
of purchase regarding users’ thoughts about modular
products, the result would underestimate the potential market for such products. This presumably favors
integrated products over modular ones, and hence
may be a barrier to the development and introduction of modular products. If consumers are to purchase a modularly upgradeable product, they need to
be given a priori incentives to do so (e.g., via pricing, warranty, and product design features that facilitate component replacements). Our data also show
that the effect of time is more pronounced when
there is a large perceived quality difference between
the modularly upgraded product and a brand new
product; this effect is dampened when this quality
gap is eliminated. This suggests that by reducing the
perceived quality differences through product design
or product warranty, the firm can alleviate preference reversals over time and increase the chances
that modular products are adopted. Finally, the effort
associated with modular replacement also plays a
role in the choice between the two upgrade alternatives. In situations where it is desirable to entice
consumers to upgrade their products in a modular
fashion (for instance because of environmental considerations), we demonstrate that the preference for
modular upgrades can be increased through product designs that simplify component replacement
(e.g., plug-and-play designs).

6.

Conclusion

Modular upgradeability has been suggested as a
design strategy to reduce consumers’ cost of keeping
up with technological improvements (Ramachandran
and Krishnan 2008) and alleviate the environmental harm that results from rapid product obsolescence (Bras and Emblemsvåg 1995, Newcomb
et al. 1996, Agrawal and Ülkü 2012). The rationale
is that by replacing only the components that improve
and extending the effective life of the rest, the cost of
upgrades and environmental impact can be reduced.
However, work to date has ignored the influence
of decision biases on how consumers value such
products. The contribution of this paper is to assess
consumers’ valuations of, and purchase decisions
regarding, modularly upgradeable products. In the
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process, we also provide guidance on how firms
should alter their design and pricing decisions to
account for prevalent consumer decision biases.
To this end, we develop hypotheses rooted in theories from psychology, behavioral economics, and marketing and devise a series of three experiments to test
these hypotheses. Study 1 finds that consumers tend
to discount the cost savings associated with modular upgrades excessively when the time between the
initial purchase and the upgrade is short (and discount insufficiently when the time frame is long).
Study 2 expands on the implications of this effect
by suggesting normative pricing strategies for modular products. Finally, in Study 3 we observe a preference reversal between the initial purchase and the
point of upgrade: At the point of initial purchase,
people foresee making a full product replacement in
the future, yet, when faced with the actual upgrade
decision, they are more likely to revert to modular
upgrades. Because consumers weigh product quality
differently at the time of the upgrade relative to the
initial product purchase moment, preference reversals
become possible. We discuss the implications of these
results below.
6.1. The Modularity Paradox
Conventional wisdom suggests that modular upgradeability is most advantageous for product categories that improve rapidly—a modular design
would avert having to fully replace the product
after only a short time. Paradoxically, our research
indicates that consumers face strong decision biases
for such products; with consumers heavily discounting the savings associated with modular upgrades
(i.e., consumers undervalue these future savings),
present bias is a significant obstacle against the
adoption of modularity for rapidly improving (i.e.,
short-life-cycle) products. Conversely, for long-lifecycle products, consumers’ natural tendency is to discount future savings at low discount rates, making
such products a better fit for modularity (i.e., consumers overvalue future savings). Thus, when consumer behavior is properly accounted for, modular
upgradability as a product feature may have higher
profit potential for slowly improving products, and
less for rapidly improving ones, counter to intuition.
Implications for Pricing Strategy. If the firm ignores
the aforementioned consumer bias when pricing a
modular product (e.g., by mistakenly assuming exponential discounting), this would not only lead to a
reduction in profits, but also limit the acceptance of
modular products. Hence, a firm introducing a modular product should account for this bias in its pricing
decisions. Because consumers excessively discount
the future savings attributable to modular upgrades
for rapidly improving (i.e., short-life-cycle) products,
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the firm should keep the initial price low to entice
the consumer to purchase the modular product and
charge a higher price for the upgrade. Conversely,
given that consumers do not discount the future
savings sufficiently for slowly improving (i.e., longlife-cycle) products, the pricing strategy should be
reversed—the firm can increase its profits by raising
the price of the initial product while at the same time
reducing the upgrade price.
Implications for Market Research. When there is a
substantial difference in the perceived quality of the
upgraded product and that of a brand new one, consumers tend to underestimate the likelihood of a
future modular upgrade if surveyed at the point of
the initial purchase; although people prefer a modular upgrade in the present, they foresee purchasing a
brand new product when replacement takes place in
the distant future. Hence, despite the potential benefits from modular products, at the point of the initial
purchase, people underestimate its full value. Thus, if
a market study were to be conducted before product
launch to assess consumers’ likelihood of exercising
their modular upgrade option, its findings would be
misleading because they would underestimate both
the upgrade likelihood and the firm’s potential revenues from the upgrades.
Implications for Product Design and Marketing. Our
results suggest that if the perceived future quality difference is minimal, then at the point of initial purchase consumers will more appropriately estimate
the likelihood of future component replacement, and
therefore will properly assess the future value of the
modular product. Hence the firm can prompt consumers to appropriately assess the product’s future
value by reducing the perceived quality difference
between a modularly upgraded product and a brand
new product. The perceived quality of the modular
upgrade might be enhanced, for example, through
product design, warranty, or marketing communications. Alternatively, at the time of initial purchase
the firm might address this consumer bias by helping consumers understand (e.g., via consumer testimonials) how favorably they will later (i.e., at the
point of upgrade) view the modular product. Once a
modular product is adopted, the likelihood of exercising the upgrade is higher than consumers anticipate. Finally, our experimental data show that it is
important for the firm to minimize the effort that will
be expended by consumers in making the modular
upgrade (e.g., introduce plug-and-play modules).
Implications for the Environment. Our research is also
informative about specific ways in which firms might
better be able to tap into the underlying potential
of modular products, in line with recent appeals in
the literature on the topic. For example, a review
paper by Ramdas (2003) notes that the implications of
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modularity for sustainable design are poorly understood, and other researchers also observe inadequate
understanding of consumer behavior with respect to
end of life product management (Atasu et al. 2008,
Agrawal et al. 2009, Ovchinnikov 2011). Although
we do not directly address the issue of sustainability, our findings help instruct firms and researchers
who are looking at modularity as a possible means
of making products more environmentally friendly.
Whereas the majority of the literature on sustainable operations takes product design as given (for
review, see Kleindorfer et al. 2005, Atasu et al. 2008),
our work contributes toward understanding how consumers respond to designs that have the potential to
extend product life and reduce waste.
Limitations and Future Research. This research addressed consumers’ initial product choice (modular versus integral) and their subsequent upgrade
decision (module versus product replacement). The
predominant motivation for choosing the modular
alternative here is cost efficiency in making upgrades:
By replacing only the improving components, the
overall cost of ownership can be reduced. This is
not the only benefit of modular product architectures.
As suggested by several authors (e.g., Ulrich 1995,
Salvador 2007), modularity can also enable firms to
provide a larger variety of products at a low cost
(i.e., mass customization). From the consumer perspective, modularity makes it possible to customize
and adapt products to changing needs, as well as
add new functionalities when necessary. It would
be interesting to investigate the value of modular
upgradeability for consumers in settings featuring
large product variety. Furthermore, behavioral biases
of the type we studied may depend on the product
type (hedonic versus utilitarian) or on the attributes
of the individual (level of product category expertise, variety seeking tendency, price sensitivity, etc.).
Finally, it would be beneficial to include the identified behavioral patterns in more complex pricing models, as suggested by the findings in Study 2; further
research is required to establish the optimal pricing
strategies in different contexts. In short, modularly
upgradeable products offer significant potential to
save consumers money while being environmentally
friendly, but questions remain about the impact that
consumer biases have on the acceptance and profit
potential of such products. Our work is aimed at
providing the initial framework for firms and scholars
to begin thinking about these issues of conceptual and
practical relevance.
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Appendix. Procedures
Study 1—The Choice Between Integral and
Modular Products
Please consider carefully the following scenario. You are
looking to buy a new Apple desktop computer that you
will need to upgrade in [1, 2, 4 years] to the latest technology. There are two new versions of the product on the
market.
(1) The Apple iMac-I is an integrated computer that has
its hard drive and DVD drive built into the 22” flat-screen
monitor. After [1, 2, 4 years], the iMac-I will need to be
replaced in full to upgrade to the new generation.
(2) The Apple iMac-M is a modular computer that has a
separate unit for hard drive and DVD drive and a separate
flat-screen monitor. After [1, 2, 4 years], an easy replacement
of only one component will effectively upgrade the computer to be fully equivalent to the complete new integral
iMac-I computer.
According to Consumer Reports and evaluations by 546
Apple.com customers, the integrated iMac-I and the modular iMac-M versions of the product are very similar in terms
of their looks, quality, and overall performance. The integrated iMac-I sells for $1,200 today and upgrading to the
new generation will cost another $1,200 in [1, 2, 4 years]
years. The purchase price of the modular iMac-M today is
an amount larger than $1,200, but upgrading the iMac-M
in [1, 2, 4 years] will only cost $600. Which option do you
choose?
Integral product: Pay $1,200 now and replace it for $1,200
in [1, 2, 4 years].
Modular product: Pay PiM now and replace only the module for $600 in [1, 2, 4 years].
Follow-up Questions. 1. In the iMac scenario you read,
what was the time between the initial purchase and the
upgrade?
2. How would you assess the quality of the modular
iMac-M when upgraded, relative to a new iMac-I? (1 =
extremely inferior, 4 = equal, 7 = superior)
3. How would you assess the effort involved in upgrading the modular iMac-M? (1 = effortless, 4 = acceptable
amount of effort, 7 = extremely effortful)
4. If you owned an iMac-M, how certain are you that
you would eventually upgrade the module?
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highly unique and innovative camera with an upgradeable lens/sensor module which slides into the core housing
that includes the rest of the point-and-shoot elements. Customers will initially buy a complete unit, and as technology
advances (better lenses that are faster and more sensitive to
light) they will be able to upgrade by buying only the new
lens/sensor module.
You are buying the complete GXR camera now and will
definitely upgrade it with a new lens/sensor module in
[1, 4] year(s). Ricoh offers you the choice between two payment plans.
Plan A: The camera’s price is $1,200. You will pay another
$400 in [1, 4] year(s) to upgrade to a new lens/sensor
module.
Plan B: The camera’s price is $PiM . You will pay another
$100 in [1, 4] year(s) to upgrade to a new lens/sensor
module.
Air conditioning. Please consider the following scenario.
You own your home and expect to stay in it for the foreseeable future. You are buying a new air-conditioning/heatpump unit for the house. The most important aspect of the
unit is its compressor, which determines how well the unit
runs. Compressor technology improves over time, with each
successive compressor generation featuring higher energy
efficiency and lower noise levels. You can replace just the
compressor module of your unit to take advantage of these
improvements.
You are buying the complete air-conditioning/heat-pump
unit now and will definitely upgrade with a new compressor module in [4, 8] years. You find Haier offers you the
choice between two payment plans.
Plan A: The air-conditioning/heat-pump unit’s price is
$3,600. You will pay another $1,200 in [4, 8] years to upgrade
to a new compressor module.
Plan B: The air-conditioning/heat-pump unit’s price is
$PiM . You will pay another $300 in [4, 8] years to upgrade to
a new compressor module.
Follow-up Questions. 1. To what extent did you consider
the uncertainty about the future in your responses during
the (camera/A/C) scenario? (1 = not at all, 7 = extremely)
2. Please rate your knowledge of digital (cameras/A/C). (1 = not at all knowledgeable, 7 = extremely
knowledgeable)
Study 3—Impact of Quality and Effort
Ricoh’s GXR photo camera is a highly unique and innovative camera with an upgradeable lens/sensor module that
slides into the core housing that includes the battery casing and the rest of the more basic point-and-shoot elements.
Customers initially buy a complete unit and as technology
advances (better lenses that are faster and more sensitive
to light) they are able to upgrade by buying only the new
lens/sensor module. Of course, they can also choose to purchase a brand new GXR instead.
Imagine that you own a two-year-old GXR camera (you
just bought new GXR camera). You need (after two years
of usage, you will need) a faster lens and more advanced
sensors now but the remaining parts of your camera are
(will be) in perfect shape. You (will) have two options to
upgrade your GXR camera tomorrow (in two years).
Low Quality, Low Effort (Tomorrow, in Two Years)
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(a) Buy a new GXR camera with a faster lens and more
advanced sensor for $900 tomorrow (in two years). The new
camera comes with a warranty from Ricoh.
(b) Replace only the lens/sensor module of your GXR
camera tomorrow (in two years) at a lower cost. After you
purchase the new more advanced lens/sensor module, you
will unplug the old module and plug in the new one. This
process should take less than a minute. Because you replace
only the lens/sensor, Ricoh does not (will not) provide any
warranty. The upgraded camera is also (will also be) about
20% bulkier than a new one.
Please choose the option below that you prefer.
Select A: Replace the entire camera tomorrow (in
two years), paying $900.
Select B: Replace only the lens/sensor module tomorrow
(in two years), paying $PiM .
In the remaining conditions, the only differences in the
descriptions were as follows.
Low Quality, High Effort 4Tomorrow, in Two Years5
(b) Replace only the lens/sensor module of your GXR
camera tomorrow (in two years), at a lower cost. After
you purchase the new more advanced lens/sensor module,
you will personally disconnect and remove the old module (by unscrewing eight very sensitive miniature screws),
locate the connecting pins, align, and match the module to
the camera body at a perfect angle to avoid damage, carefully drop the module into place, and slowly reinsert the
miniature screws. This process will take about 30 minutes.
Because you replace only the lens/sensor, Ricoh does not
(will not) provide any warranty. The upgraded camera is
also (will also be) about 20% bulkier than a new one.
High Quality, High Effort 4Tomorrow, in Two Years5
(b) Replace only the lens/sensor module of your GXR
camera tomorrow (in two years), at a lower cost. After you
purchase the new more advanced lens/sensor module, you
will personally disconnect and remove the old module (by
unscrewing eight very sensitive miniature screws), locate
the connecting pins, align and match the module to the camera body at a perfect angle to avoid damage, carefully drop
the module into place, and slowly reinsert the miniature
screws. This process will take about 30 minutes. Even if you
replace only the lens/sensor, Ricoh renews (will renew) the
warranty for the entire unit as if it were entirely new.
High Quality, Low Effort 4Tomorrow, in Two Years5
(b) Replace only the lens/sensor module of your GXR
camera tomorrow (in two years), at a lower cost. After you
purchase the new more advanced lens/sensor module, you
will unplug the old module and plug in the new one. This
process should take less than a minute. Even if you replace
only the lens/sensor, Ricoh renews (will renew) the warranty for the entire unit as if it were entirely new.
Follow-up Questions. 1. Please describe below the factors that played a role in the choice you made above
between full product replacement and component replacement. (open thoughts)
2. My budget was a constraint to my upgrade decision.
(1 = completely disagree, 7 = completely agree)
3. My time availability was a constraint to my upgrade
decision. (1 = completely disagree, 7 = completely agree)
4. How would you rate the effort involved in upgrading the lens/sensor module in the existing camera relative
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to the effort involved in replacing the entire camera? (1 =
much less effortful, 4 = same, 7 = much more effortful)
5. How would you rate the quality of the camera
upgraded by replacing its lens/sensor module versus the
quality of the new camera? (1 = much inferior, 4 = same,
7 = much superior)
6. I am confident that I would be able to make the
lens/sensor module upgrade. (1 = completely disagree,
7 = completely agree)
7. Do you expect the price of the typical new camera in
2013 to be more or less than the price of the typical new
camera in 2011? (1 = much less, 4 = same, 7 = much more)
Sample Codings. Each participant’s statements were evaluated by coders blind to experimental condition. Whenever
a participant’s response was relevant to more than one category, each category was coded as 1. Below are some coding
examples:
Cost: “I based my decision solely on cost.”
Quality: “The weight of the camera mostly. I have a hard
enough time traveling lightly as it is.”
Quality and Effort: “Everything actually important to the
camera’s performance would be upgraded by buying a new
lens module. Furthermore, the actual installation of the
replacement lens was described as being fast and easy to
do so I inclined even more in that direction.”
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