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Since downtime is expensive, it is key to use the right after-sales service contract to achieve high equipment
availability. Resource-based contracts (RBCs) are common, but they fail to motivate suppliers to provide
reliable products and services as suppliers are paid for their after-sales services. Performance-based contracts
(PBCs) have been proposed as a way to solve this issue, as it shifts much of the downtime risk to the supplier
by making him responsible for machine uptime, but then customers might reduce care efforts. We are the
first to analytically incorporate the care in equipment availability. We propose the full-care contract (FCC)
to achieve both high reliability and care, and maximize the chain efficiency. We find that only the FCC
can achieve full chain efficiency. After discussing potential behavioral factors in this context, with a focus
on risk aversion, we conduct a lab study with decision makers as suppliers. Experimental results confirm
that the FCC achieves higher total profits than the PBC and RBC. We further find that subjects are more
likely to switch from the RBC to the FCC than to the PBC, despite the higher risk involved in the FCC.
Finally, we observe that effort levels set by suppliers are above normative predictions and we discuss potential

explanations for this result.
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1. Introduction

For many products with a long life cycle, such as production equipment or trains, providing customer
support can be more profitable than selling the product initially, because such support provides long-
lasting revenue to the supplier. Cohen et al.|(2006) state that companies focusing on the design and
production stages, but ignoring customer support in delivering value to customers, have a difficult
time competing with companies that do pay attention to support. According to |Bain & Company
(2015)), after-sales services can significantly increase revenue (by 22%), with an even greater increase
in profit (39%) for a broad cross-section of industrial companies. Moreover, the service business of

these industrial companies grew annually by 9% between 2010 and 2013, while the new product
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sales business grew only 5%.

In addition to providing an increase in revenue, after-sales services are recurring, and thus rev-
enues are more stable. Furthermore, after-sales services are becoming more important for suppliers
as customers’ expectations are rising. Bain & Company| (2015) shows that customer satisfaction
increases with a dedicated service supply chain. Furthermore, (Cohen et al.| (2006) state that cus-
tomers’ intention to repurchase equipment is highly correlated with the quality of the after-sales
services. Therefore, to stay competitive and increase the financial performance of the company, sup-
pliers are required to pay greater attention to their after-sales services. These developments require
suppliers to find a business model that can satisfy customers’ increasing expectations of after-sales
services while keeping costs at a minimum.

The resource-based contract (RBC) has commonly served as the after-sales service agreement.
Under this contract, the customer pays the supplier for resources used when the customer needs
service. However, the RBC allocates the risk of machine breakdowns to the customer and increases
the moral hazard risk of the supplier, because the repair activities are profitable. An alternative to
the RBC is the performance-based contract (PBC), in which the supplier compensates the customer
for breakdowns while the customer makes a higher fixed payment to the supplier. Unlike the RBC,
the PBC is designed to encourage the supplier to maximize the quality of after-sales services by
putting the risk on the supplier. For this reason, customers are increasingly preferring to use the
PBC to motivate suppliers to increase their after-sales service efforts. Recent literature also favors
the use of the PBC because the PBC can align the incentives of customers, to maximize machine
uptime, with the incentives of suppliers, to minimize downtime, and thus, customer compensations
(Mirzahosseinian and Piplani 2011} [Kim et al.|2017)).

However, many suppliers still hesitate to choose the PBC over the RBC in practice. Case studies
on PBCs suggest that an important factor resulting in the lack of supplier motivation to increase
the reliability effort is a subpar incentive offered to suppliers to bear the breakdown risk (Harada
2010). The up-front payment in the PBC should be higher than the up-front payment in the RBC
so that suppliers are willing to increase their effort. Therefore, finding a risk premium that can not
only result in an increased effort behavior by the supplier but also keep the customer’s costs at an
acceptable level is an important element in the successful adaptation of PBCs in practice.

Hou and Neely| (2018) present another reason behind suppliers’ reservations, namely the additional
risk that comes with the lack of control over customer behavior. For example, a pilot removing a
communication plug carelessly could cost the supplier more than 20,000 euros (Ng et al.[|2009). Our
conversation with after-sales executives at a multi-national food processing equipment and services
company confirms the supplier’s concern to offer the PBC to its customers. Empirical studies report

mixed results on the performance of the PBC in practice (Kirk and DePalmal 2005; |GAO)| 2008}
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Harada2010)). To explain this mismatch between practice and theory, Guajardo et al. (2012]) conduct
an empirical study on service contracts of Rolls-Royce for its aircraft engines. They compare the
engine performance of customers under the RBC with that of customers under the PBC. While
they do not find a significant difference initially, a deeper analysis shows that the supplier actually
increases the reliability effort under the PBC, while the customer becomes more careless. Analytical
studies of service contracts ignore the impact of the care level of the customer on machine availability
and thus fail to capture this drawback of the PBC. Therefore, mixed findings on the PBC’s success
in practice could be explained by the trade-off that occurs between supplier’s motivation to invest
in reliability and the customer’s motivation to invest in care.

Achieving both high care and reliability levels requires another type of contract. Vanderlande,
the global market leader of value-added logistic process automation at airports, provides some
customers the PBC plus operation service. In this case, Vanderlande not only provides equipment
and maintenance but also operates the equipment at customers’ airports (Vanderlande|2020)). The
construction industry has introduced the design-build-operate-maintain contract, with a similar
idea of achieving better performance by shifting all responsibilities to one company (Dahl et al.
2005). Such a contract allows the supplier to control both reliability and care levels. Therefore, the
supplier will be motivated to optimize both the reliability and care resulting in minimum failure rate
and the first-best solution. Moreover, the supplier will gain a better understanding of the problems
with the equipment, and it can provide a feedback loop to improve future designs based on the
experience with the current equipment. We refer to this contract as the full-care contract (FCC).
To our knowledge, although this contract is used to some extent in practice, it has not yet been
studied analytically.

The findings in the literature and examples in practice motivate three specific research questions
that we address herein: (1) Can the PBC result in higher machine availability and chain profit
than the RBC if machine failures depend on both care and reliability? (2) Can the FCC solve the
moral hazard problem regarding both reliability and care investments and thereby result in higher
machine availability than both the RBC and PBC? (3) Can suppliers be induced to bear the failure
risk with the PBC and FCC in practice?

We answer these questions in three steps. First, we analytically examine the three contracts and
compare them. Second, we discuss the potential behavioral factors that can affect the performance
of these contracts, with a focus on risk aversion. Third, we conduct laboratory experiments with
suppliers as decision makers to evaluate how these contracts perform. Our analytical findings show
that suppliers can be motivated to provide higher reliability with the PBC than the RBC. However,
customers have less motivation to take good care of machines when offered the PBC than the RBC.

Therefore, the PBC will outperform the RBC when reliability is more important or cheaper to
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invest in than care. However, neither the PBC nor the RBC can optimize the machine availability
or the chain profit. The FCC will allocate both these decisions to the supplier along with the risk.
Thus, it will encourage the supplier to maintain the equipment at both high reliability and care
levels, optimizing the machine availability and maximizing chain efficiency. Our behavioral study
also indicates that the supplier might request a higher risk premium under the FCC than the PBC
because the supplier’s profit variance is more likely to be higher than under the PBC. The option
to share the risk under the PBC can result in a lower total profit variance. Because the FCC
can maximize the chain profit, its use might motivate the supplier to take over the risk despite a
potentially high risk premium. However, the PBC also has the potential to convince the customer
and supplier to share the risk, even though the chain profit cannot be maximized given its potential
for a lower total risk premium.

In our lab experiments, we find that subjects choose effort levels above the normative predictions
(for the reliability in the PBC and the reliability and care in the FCC). Although these deviations
affect profits, the FCC remains most profitable, while the PBC remains more profitable than the
RBC, for both the supplier and the total chain. We next find that suppliers are more likely to switch
from the RBC to the FCC than from the RBC to the PBC. This is partly due to the higher chain
profits that can be distributed between the customer and supplier and partly to the involved risk
premiums. We find that suppliers demand a significant risk premium for switching from the RBC to
either one of the riskier contracts, as suggested by our behavioral study. However, the premium does
not solely depend on the risk amount in the supplier’s payment, as we find that the risk premium
under the FCC is not significantly higher than it is under the PBC (while the profit variance is). To
explain the too high effort levels and the stable risk premiums, we explore sustainability concerns
as a potential explanation.

This paper makes several contributions: (1) We update contracting theory by incorporating the
care level in the failure probability and find that neither the PBC nor the RBC results in first-best
chain efficiency and machine availability. (2) We introduce a new contract, the FCC, which can solve
the moral hazard problem of both the customer and the supplier and attain first-best efficiency
and availability. (3) We are the first to conduct lab experiments with service contracts, in which we
collect data on suppliers’ effort decisions under a risky contract and their risk premium requirements
to give up a risk-free contract. (4) We find that risk, bounded rationality, and mean anchoring
are not the primary behavioral factors influencing decision makers; sustainability concerns also be
driving the results. (5) We analyze the risk premiums demanded by suppliers to switch to risky
contracts and analyze the likelihood of agreement.

The rest of this paper proceeds as follows. After a brief literature review in Section [2] we lay

out the problem context in Section [ and the analysis in Section [4] Then, we introduce potential
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behavioral factors that can make decision makers deviate from normative predictions in Section [5}
Afterwards, we conduct laboratory experiments to analyze decision making with service contracts

in Section [6l We conclude in Section [

2. Literature Review
Cohen et al.| (2006) emphasize the importance of business models between after-sales service supply
chain members to manage successful chains. They argue that the incentives of all companies in the
after-sales supply chain are determined by these models. Moreover, they suggest that companies are
better off with performance-based business models when the supplier can bear the risk of equipment
ownership. Since |Cohen et al.| (2006), PBCs have attracted significant attention in the literature.

Kim et al| (2007) are one of the first to analytically examine service contracts with a focus on
PBCs. They compare the PBC with the traditionally used fixed-price and cost-plus contracts and
suggest that the first-best solution can be achieved through the PBC if companies are risk neutral.
However, they assume that the probability of machine failure is an exogenous variable that depends
on neither the supplier’s nor the customer’s effort choices. |Kim et al. (2017) analytically compare the
RBC and PBC, modeling machine availability as a function of reliability and incorporating the cost
of increasing the reliability of the supplier’s profit function. They find that the PBC can motivate
the supplier to increase the reliability effort because his service revenue can actually grow with
higher reliability, which is the opposite with the RBC. Moreover, they conclude that the highest
efficiency can be achieved with the PBC when the supplier takes full ownership of the machines.

Roels et al.| (2010) analytically examine the PBC not in the manufacturing industry but in
collaborative services such as consulting, in which they incorporate the effort levels of the companies
as a factor in productivity. They find that the RBC is better when the productivity depends more
on the buyer’s effort level than the vendor’s effort level, while the PBC works better when the
output depends equally on the efforts of both companies. Similarly, we also incorporate both the
supplier and customer effort as factors affecting machine availability and find that the RBC (time-
and-materials contracts) is better at motivating the customer to exert effort than the PBC. However,
Roels et al.[s (2010) findings are based on the assumption that the buyer exerts high efforts only
when the vendor exerts high efforts, and vice versa, resulting in different conclusions. In our study,
we focus on the after-sales supply chain with original equipment manufacturers and follow [Kim
et al. (2017) but add the customer’s effort as a factor in the machine availability.

While the theoretical literature finds strong support for the PBC’s ability to increase machine
availability and chain efficiency, the empirical literature does not always support this finding. |[Kirk
and DePalma; (2005)) find a significant cost of using PBCs to the customer, which in their case is

the U.S. Navy. They analyze 13 contracts but find mixed results regarding the contract’s success.
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Moreover, a report from the U.S. Government Accountability Office (GAO)|[2008) indicates that
whether the PBC can provide a cost reduction for the Department of Defense is unclear, making
it less desirable. Haradal (2010) conducts a detailed analysis on PBCs and presents cases in which
these contracts do not increase reliability. He further highlights the risk premium discussion as an
essential part of PBCs, which needs further attention.

To explain the mixed findings on the success of PBCs in practice, |Guajardo et al.| (2012)) carry out
an empirical analysis of Rolls-Royce’s service performances for its aircraft engines. They compare
Rolls-Royce’s service performance at customers choosing a PBC with service performance at cus-
tomers choosing an RBC (time-and-materials contracts). They find that the availability of engines is
not significantly different between the two customer groups. However, they suggest that customers
who are more likely to take poor care of machines choose the PBC more often. This may explain
the insignificant performance difference between the PBC and the RBC, even if the supplier is
more reliable under the PBC. |Guajardo et al|(2012) explain that the supplier’s reliability is indeed
25%-40% higher with the PBC than the RBC. They conclude that customers’ careless actions when
the risk is transferred to the supplier with the PBC result in lower engine availability, which is
a deviation from the normative prediction on the superiority of PBCs (Kim et al.||2017). In this
paper, we aim to close this gap between practice and theory by including machine care as a factor
affecting machine availability. Moreover, we explore how the risk premium affects the performances
of different service contracts.

The behavioral operations management literature has provided a great deal of insight into supply
chain contract mechanisms (for detailed reviews, see |Becker-Peth and Thonemann 2018 |Chen and
Wu 2018, and |Donohue et al.||[2020)). Closely related to our work, Davis et al. (2014) examine the
impact of the distribution of the inventory risk on the retailer and the supplier, drawing on the
theory |Cachon| (2004) introduced. They compare the push contract, in which the full inventory
responsibility is on the retailer; the pull contract, in which the supplier has control of the inventory
and the retailer is never involved; and the advance purchase discount contract, in which the inventory
risk is shared between companies. While normative predictions would suggest that the advance
purchase discount contract would perform best, they find that pull contracts lead to the highest
chain efficiency. They also find that loss aversion and random errors best explain the deviations
from normative predictions, which differs from our findings in the after-sales supply chain setting.
Service contracts bring a different set of challenges to decision makers, as the underlying theory is
different, the availability in addition to chain profit becomes important, and setting a risk premium
becomes an essential part of the contract discussion. Nevertheless, certain biases affect traditional
supply chain members, such as risk aversion, bounded rationality, and mean anchoring, which we

include in our analysis of service contracts, can also affect after-sales chain members.
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3. Mathematical Model

We explain the setting that we consider in Section The setting is similar to that in |Kim et al.
(2017), but we simplify it by focusing on a single decision period (i.e., a year), and we extend
it by making the machine failure probabilities dependent not only on the reliability level of the
machine itself but also on the level of care given to the machine. We then introduce the three types
of contracts that may be used by the two companies involved: the RBC (Section , the PBC
(Section, and the FCC (Section. All contracts include a fixed payment. In addition, further
payments are made between the two companies depending on the number of broken machines. These
payments determine how the profit and the risk of machine breakdowns are divided between the

two companies. We refer to the customer as ‘she’ and to the supplier as ‘he’.

3.1. Setting

The supplier, who sells machines, offers after-sales services to customers who use the machines.
We focus on a contract for one period for one customer using N (N > 0) identical machines.
The customer produces goods (or provides services) with these machines that are sold to other
businesses. Over the contract period, the customer gains a revenue of R (R > 0) from the goods
produced (or services provided) by a fully functioning machine. However, each machine can break
down during the contract period with a certain failure probability. That probability depends on
the design of the machine and the maintenance services and care provided to the machine during
the contract period. To be precise, the failure probability P(7,x) depends on the reliability level 7
(0 <7 <1), representing the quality of the components used to build the machine and the quality of
the maintenance services, and the care level k (0 <k < 1), representing how carefully the machine
is handled and how much daily care is performed, such as cleaning and lubricating. Increasing the
reliability or care level decreases the failure probability; that is, i.e., w <0 and % < 0. We

further assume that the reliability and care levels influence the failure probability independent of

82 P(7,k)
010K

each other (i.e., =0). The investments required to obtain a certain reliability and care level
are T'(7) and K (k), respectively, and the costs increase in the required level; that is, i.e., T7"(7) >0
and K'(k) > 0.

The expected number of machines breaking down can be calculated as E[B] = P(7,x)N. If a
machine breaks down, the customer cannot generate the normal revenue and has a disutility of d
(d > 0) from that machine. The supplier repairs any broken machines which costs ¢ (¢ > 0) per

machine. Then, the expected total chain profit (the sum of supplier and customer profits) is
E[I'(1,k)] = RN — (d+¢)P(1,k)N —T(1) — K(k), (1)

where the first term represents the generated revenue, the second term the expected costs for broken

machines, and the final two terms the investment costs.
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The stochasticity in the chain profit results from the stochasticity in the number of machine break-
downs, affecting the second term in Equation . Higher investments in reliability and care reduce
the expected number of machine breakdowns. Therefore, there is a trade-off between reliability and

care investment costs on the one hand and breakdown cost on the other hand.

3.2. Resource-Based Contract

Under the RBC, the supplier decides on the reliability level and the customer decides on the care
level. Thus, the failure probability depends on the actions of both the supplier and the customer.
Depending only on their own actions, related investment costs are incurred by the supplier and
the customer. Moreover, the customer makes a fixed payment of wgr to the supplier. The customer
operates the machines during which a number of machines breaks down. The customer earns R from
each intact machine and R — d from each broken machine. Furthermore, the customer reimburses
the supplier for repairing broken machines with an amount of r per machine, with r > ¢. Therefore,

the expected profits of the supplier and the customer are, respectively,

E[IT} (7, k, wr, 7)] = wg + (r —¢)P(1,k)N = T(7), and

E[g (T, k, wr,7)] = RN —wg — (d+7r)P(1,k)N — K (k).

Under this contract, a machine failure negatively affects the customer and positively affects the
supplier, as each broken machine costs the customer d+r while the supplier gains r — c¢. The supplier
does not face negative consequences from the machine failures and therefore will not be motivated
to invest in the reliability at all. However, the customer will be motivated to invest in the machine
care to reduce the cost involved with machine breakdowns.

In our analysis, we focus on the RBC, with the customer reimbursement being equal to the repair
cost (i.e., r =c). In this case, the customer bears the chain risk. If r > ¢, the customer must bear
additional risk originating from overcompensating the supplier for his services. The expected profits

are then

E[II} (7, k,wr)] = wgr — T'(7), and (2)

E[IIg (7, k,wr)] = RN —wg — (d+ ¢)P(1,k)N — K (k). (3)

3.3. Performance-Based Contract

Similar to the RBC, under the PBC, the supplier decides on the reliability level and the customer
decides on the care level. Thus, the failure probability depends on actions of both the supplier and
the customer. Depending only on their own actions, the related investment costs are incurred by the

supplier and the customer. Moreover, the customer makes a fixed payment of wp to the supplier.
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The customer operates the machines during which a number of machines breaks down. The supplier
repairs broken machines at his own expense.

In contrast with the RBC, under the PBC, the supplier compensates the customer for the losses
incurred from machine breakdowns with an amount of v per broken machine, with 0 < v <d. Thus,
the customer earns R from each intact machine and R —d+ v from each broken machine. Therefore,

the expected profits of the supplier and the customer are, respectively,

E[I} (7, &, wp,v)] =wp — (c+v)P(1,k)N —T(1), and (4)
E[I% (7, k,wp,v)]= RN —wp — (d —v)P(1,k)N — K (k). (5)

3.4. Full-Care Contract

Under the FCC, the supplier takes care of the machines. Therefore, the supplier decides on both
the reliability and care levels, and the failure probability depends on his actions only. The supplier
incurs the related investment costs for reliability and care. The customer makes a fixed payment
of wg to the supplier. The supplier repairs the broken machines and compensates the customer for
the losses incurred from each machine breakdown with an amount f, with 0 < f <d. Thus, the
customer earns R from each intact machine and R —d + f from each broken machine. Therefore,

the expected profits of the supplier and the customer are, respectively,

E[I(7, k,wg, f)] =wp — (¢c+ f)P(1,k)N = T(7) — K(k), and
E[Ii (7, k,wr, f)] = RN —wg — (d— f)P(1,K)N.

All decisions affecting the failure probability are solely the responsibility of the supplier, which
means that, typically, f should be close to d. In our analysis, we focus on the FCC with the customer
compensation being equal to her losses incurred from machine breakdown (i.e. f =d). In this case,
the customer bears no risk, while the supplier bears the chain risk. The expected profits are now,

respectively,

E[IL (7, &, wr)] = wp = (d+ ) P(T,k)N = T(7) — K(£), and (6)
E[II%(7, k,wg)] = RN — wg. (7)

4. Analytical Results

We assume that reliability and care affect the failure probability linearly. We introduce 6, with
0 < 8 <1, which represents the impact of the reliability level 7 on the failure probability, while
(1 —0) represents the impact of the care level k on the failure probability. In practice, # depends
on the machine type. For example, the failure probability of a military vehicle that drives through

desert sand may depend heavily on the care level, while the failure probability of a solar panel



10 Author: After-Sales Service Contracting: An Investigation

on a roof depends on the care level to only a limited extent. In theory, 6 could be either 0 or 1,
meaning that either the care level or reliability level do not influence the failure probability. As this
case would lead to degenerate results in which zero investment in that level is optimal under any
contract, we exclude both options. Moreover, we limit the failure probability between p; and p,,
with 0 < p; < pn, < 1, because even with maximum care and reliability (or no care and reliability), a

0% or 100% failure probability is not possible. We thus calculate P(7,k) as
P(r.k) =pi+ (pr —p)[1 — 07 — (1 = O)x]. (8)

Moreover, we define the machine availability as the opposite of failure probability; that is, i.e.

1 — P(7,k). The investment cost functions of both the reliability and care levels have a quadratic

structure, similar to the investment function requirements in Kim et al| (2017), such that the

investment cost is convex and increasing in the corresponding effort level. We calculate T'(7) and
K(k) as

T(r)=tr*N, 9)

and

K (k) =kr>N, (10)

where ¢ and k are the constants scaling the size of the investment required for reliability and care
of the machine, respectively. The values of ¢ and k& depend on the machine type and other factors.

Analyzing the given setting, we derive optimal reliability and care levels, the resulting failure
probabilities, and the resulting expected chain profit. Lemma (1| shows the first-best reliability level
7* and the reliability levels that are optimal for the supplier under the RBC, PBC, and FCC: 73,
75, and 7y, respectively. Lemma [2] shows the first-best care level £* and the care levels that are
optimal for the decision maker under the RBC, PBC, and FCC: x}; (for the customer), s} (for the
customer), and £ (for the supplier), respectively. In this section, we assume that 7* < 1 and x* < 1.
If 7* =1 and/or k* =1, then some of the other levels may also be capped at 1, making some strict
inequalities become non-strict. For example, if k* =1, then the strict inequality in the middle of the
expression in Lemma [2] becomes non-strict. Still, all insights would continue to hold. Appendix [A]

provides the proof for these lemmas and all other proofs.

Lemma 1 For the reliability levels, given 7° <1, it holds that

*

A (d+)0pn—p1)  (v+)0(pr —p1)

2t - 2t

=7p>7p =0.

Because the supplier is fully reimbursed for his repair activities, machine breakdowns do not affect

his profit._and therefore he is not. motivated to invest in reliability ninder the RBC_ Tn line with [Kim
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et al| (2017), we find that the PBC motivates the supplier to attain a higher reliability level. The
first-best reliability level is achieved only if the supplier bears all the risk (i.e., if v =d). Under the
FCC, the first-best reliability level is always achieved.

We further observe that the level at which reliability maximizes the supplier’s profit depends,
among other things, on the trade-off between the reliability investment cost, ¢, and the cost of

broken machines that the supplier incurs, d + ¢ or v + c.

Lemma 2 For the care levels, given k* <1, it holds that

e OO p) (A=) O p)

2k 2k

We observe that the first-best care level is achieved under both the RBC and the FCC. The PBC
leads to a strictly lower care level, which is contrary to the advantage of the PBC over the RBC
in motivating the supplier to invest in reliability. The reason is that while the customer decides on
the care level under the PBC, the resulting disutility from having a low care level is borne partly
by the supplier. This decreases the customer’s motivation to invest in the care. Even if v =0, such
that the supplier does not need to pay the customer for any failure that occurs, the first-best care
level is not achieved. The supplier will incur ¢ when a failure happens, so part of the risk is still
borne by the supplier. By contrast, if v =d, such that the customer is fully compensated and the
rigk is fully transferred to the supplier, the customer will not invest in care at all under the PBC.

Similar to what we observed for the optimal reliability levels, we find that the optimal level of
care depends, among other things, on the trade-off between the care investment cost, k, and the
cost of broken machines incurred by the company that decides on the care, d+ ¢ or d —v.

Using the results in Lemmas [I| and [2] we can compare the failure probabilities that result under

these contracts in Corollary

Corollary 1 Given 7 <1 and x* <1, the failure probability:

(a) is lower under the FCC than under the RBC; that is P(mp, ky) < P(Th, KR);

(b) is lower under the FCC than under the PBC; that is P(1y, k%) < P(18,K5,0);

(c) is equal to first-best under the FCC; that is P(1h,k5) = P(7*,k*); and

(d) is either lower or higher than under the PBC than the RBC; that is, P(m5,kp) < P(mf, k) <=
(1-6)° (1-0)° _ o2

=< ? and P(15,kp) = P(T), k) <= -

The FCC implies first-best reliability and care levels and, as such, also implies first-best failure
probability. As the reliability level under the RBC is always 0 and thus strictly lower than the first-
best, the failure probability under the RBC is higher than that under the FCC. Under the PBC,

first-best reliability can be achieved but not first-best care and the reliability level is increasing in v,
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while the care level is decreasing in v. As a result, under the PBC, the failure probability is higher
than that under the FCC.

Corollary [1| (d) shows that the comparison between the RBC and PBC depends on the relative
importance of the reliability level compared with the care level, #, and the costs of investing in both
levels, t and k, respectively. If the reliability is relatively important and inexpensive to invest in, the
PBC gives the lowest failure probability; by contrast, the RBC gives the lowest failure probability
if the care level is relatively important and inexpensive to invest in. This makes sense both when
taking the results in Lemmas [I] and [2] into account and intuitively. Under the RBC, the supplier
has no incentive to invest in reliability. Therefore, if reliability is important, the RBC is not a good
contract. By contrast, because the PBC incentivizes the supplier to invest in reliability, the PBC is a
good contract when reliability is important. Using the results in Lemmas[I] and 2] and in Corollary i
we show the total expected chain profit in Theorem

Theorem 1 Given 7" <1 and k* <1, the total expected chain profit:

(a) is higher under the FCC than under the RBC; that is, E[II*(15, k3%)]

(b) is higher under the FCC' than under the PBC; that is, E[II*(m5, k})]

(c) Under the FCC, it is equal to first-best; that is, E[II*(1, k%)) = E[II* (7%, k*)];

(d) is either lower or higher under the PBC than under the RBC; that is, E[II'(73,k5)] >
BT (r5, 55)] = 2%+ v) < 2(2d — v + ¢) and B[ (15, 55)] = BT (755, 65)] <=

k
7(1_;)2 (c+v)= ?(Qd —v+c); and

>
>

0%dk—(1—6)2ct

(e) is mazimized under the PBC when v* = max [(), T 0

A key finding is that the FCC gives the first-best expected chain profit and thus a higher profit
than the RBC and PBC. Thus, if the decision makers in both companies are rational, the FCC is
the best contract to use. The companies can set the fixed payment wr such that both companies
can accrue higher expected profits than under either the other two contracts. This result is because
only under this contract are all decisions and all risks at the same company. As such, this result
will hold under any failure probability and investment cost functions—that is, functions replacing
Equations , @D, and that fulfill the requirements stated in Section (e.g., investment
costs should be increasing in the reliability or care levels, while the failure probability should be
decreasing in these levels).

In summary, we find that the PBC is not necessarily better than the RBC for machine availability
and profitability. PBCs can result in a higher failure probability, as shown in Corollary [1], if machine
care has a notable impact on machine availability. This is due to the PBC not incentivizing the
customer to invest in the care. This result may explain the findings (Kirk and DePalma/|2005, GAO
2008, Harada/|2010)) that there is not enough evidence in the monetary success of the PBC over the
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RBC. The profitability depends on both the machine type and how the contracts are designed, as
shown in Theorem [I] This answers our first research question. We also find that the total chain
profit cannot be maximized by either the RBC or the PBC. By contrast, the FCC leads to first-best
failure probability and chain profit by transferring all the failure risk and all the related choices to

the supplier, answering our second research question.

5. Behavioral Factors in Service Contracts

In Section [d we found that the FCC improves the expected supply chain profit compared with the
RBC, while the PBC can improve the expected profit compared with the RBC when the reliability
has a higher influence than care on the failure probability compared with the care (i.e., 8 > 0.5)
and /or when investing in reliability is relatively cheaper than investing in care (i.e., t < k). However,
Haradal (2010) suggests that even in this case, the parties in the supply chain might be reluctant
to switch from the more commonly used RBC to the more advanced contracts. In this section, we
elaborate on potential factors that might explain this behavior and potential deviations from the
normative theory.

A prominent behavioral factor is risk, or more precisely risk aversion. Decision makers tend to
be risk averse, leading to decisions deviating from expected profit-maximizing predictions (Pratt
1978, Holt and Laury|2002). We discuss this in Section In Section we discuss other factors
affecting decision making, including bounded rationality and mean anchoring. We describe how
these behavioral factors can influence decision making in the service contract setting and derive
behavioral predictions. In Section [6] we then conduct lab experiments to understand whether those

factors affect decisions in our context.

5.1. Risk Preferences

We explain in Section [3] that the customer makes a fixed payment to the supplier as part of each
contract (wg, wp, and wr). This amount determines how the total chain profit is shared between
the customer and the supplier. It can depend on the bargaining power of the parties, their outside
options, and the relationship between them. In addition, this amount often depends on the risk
each party faces due to the agreement. Risk preferences affect many decisions in traditional supply
chains (Davis et al|2014, Gurnani et al.|[2014, Davis and Hyndman| 2019, Becker-Peth et al.|[2018,
Tincel et al.|[2021) and may also affect the after-sales supply chain performance. Under an RBC,
the supplier does not carry any risk, while the customer carries all the breakdown risk. Switching to
a PBC or FCC changes this, because then the supplier must carry risk. Depending on the contract
and related parameters, suppliers might even take over all the risk. The more risk a company takes,

the more it expects to be compensated, a notion referred to as risk premium (Pratt|[1978)).
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A risk-neutral supplier would be indifferent between a risk-free contract (e.g., RBC) and a risky
contract (e.g., PBC) when the same expected profit is offered. However, risk preferences will also
likely affect the contract choice. Therefore, we assume that a customer wanting to transfer the risk
to the supplier by switching from an RBC to either a PBC or an FCC will need to offer the supplier
a risk premium (i.e. a higher fixed payment), leading to a higher expected profit for the supplier.
We capture the utility value of a payment x by U(x), where U () is increasing in z (i.e., U’'(x) > 0).
In Section [3] we introduce expected profits calculations, but not realized profits depending on the
actual number of machine breakdowns observed. For ease of notation, we now introduce the expected
utility of party p € {s,c} (supplier and customer) under contract m € {R,P,F} (RBC, PBC, and
FCC) as E[U(II2,)]. For any risky payment to a party, there is a certainty equivalent, which is the
certain payoff that would give that party equal utility. The difference between the expected payment

and the certainty equivalent is the risk premium, 77 ; thus, we calculate it as

m?

r? =E[II? ] — E[U(II2,)]. (11)

m m m

For example, the supplier will accept switching to an FCC if his expected profit under that contract,
E[IT3], is equal to or greater than his risk-free profit under the RBC, II%, plus his risk premium to
carry the risk under the FCC, r}.. A supplier with high risk aversion and thus a high risk premium
expectation will ask for a high expected payout, thus a high fixed payment, to accept switching to
a risky contract. At the same time, a risk averse customer will accept a lower expected payoff when
switching from the risky RBC to the risk-free FCC, because she no longer requires a risk premium.
For the PBC, this case is somewhat similar, but a bit more complicated, as both parties may face
a part of the chain risk.

We can show the conditions under which both parties are willing to switch from the RBC to the
PBC or FCC. If the new total profit can be distributed such that the risk premium of the supplier
plus his profit under the RBC can be allocated to the supplier, while the customer can acquire her
initial certainty equivalent with the FCC or her initial certainty equivalent and new risk premium
(in the case of risk sharing) with the PBC, the new contract can result in an agreement. Theorem

[2] presents general conditions under which switching to the PBC or FCC is possible.

Theorem 2 There is a profit allocation that will lead to a switch from the RBC to
(a) the FCC, if E[IlIL] > E[IIL] — r§ + 15, and
(b) the PBC, if E[IIp] > B[R] — 7§, + 7 + 1.

On the other hand, Theorem [2]shows that convincing suppliers with higher risk premiums requires

higher chain profits, making it more difficult to agree. On the other hand, higher risk premiums



Author: After-Sales Service Contracting: An Investigation 15

on the customer side are likely to make it easier to agree. Therefore, we conclude that supplier
and customer risk premiums are imperative to find a contract that will incentivize both parties to
change their current contract setting.

In accordance with Theorem [1} total chain profit could be higher under the PBC or FCC than the
RBC. If the total chain profit is actually higher with the first two, customers could allocate extra
profit to the supplier as the risk premium. However, if the profit difference is not high enough or the
supplier is asking for a high risk premium, the customer will need to accept a lower profit to offer
the supplier his risk premium. A risk-averse customer (i.e., has 7§ > 0) may accept a profit decrease
in exchange for a lower risk. However, if supplier risk premiums under the PBC or FCC are larger
than the customer risk premium under the RBC, the parties might not reach an agreement.

Pratt| (1978]) suggests that the level of the risk premium depends on the risk preference of the
decision maker and the level of risk in the payoff. The risk in a payoff is estimated by the magnitude of
the variance of the payoff (Pratt||1978). Therefore, the supplier could request different risk premiums
under different contracts if profit variances differ between contracts. We provide an analysis of profit
variances between contracts in Appendix [B] presenting contracts with the highest customer and
supplier variance sums. We find that the variance is higher under the FCC than the RBC for a
broad range of settings. For such cases, the risk premium requested by a supplier under the FCC
(r%) will be higher than the customer’s initial risk premium under the RBC (r§) (assuming a similar
level of risk aversion). We can thus conclude that an extra chain profit will be necessary to convince
both the supplier and customer to switch to the FCC and that with too high risk-averse suppliers,
agreements might not be achieved. The same condition holds when the total variance is higher under
the PBC than the RBC.

Overall, we find that the total profit variance under the PBC (with the optimal compensation,
v*) is usually lower than the FCC, because sharing the risk decreases the variance quadratically,
making the total profit variance lower. However, the profit increase under the PBC is also smaller
than the increase under the FCC (see Theorem [If). Therefore, we argue that the FCC and PBC
might not guarantee a contract switch even when a higher chain profit is possible if decision makers
are risk-averse. In addition, we cannot conclude whether the switch to the FCC is more or less likely
than a switch to the PBC, though the total profit will be higher when switching to the FCC rather
than the PBC. To analyze whether the higher chain profit can result in a new contract agreement,
we conduct laboratory experiments in Section [6]

In addition to the choice to switch between contracts, risk aversion might affect the decision on
the reliability and care effort levels. Risk-averse decision makers will likely choose an effort level that
will decrease the variance of their profit. Because the number of broken machines has a binomial

distribution, the variance of the profit can be decreased with less effort if the failure probability is



16 Author: After-Sales Service Contracting: An Investigation

higher than 50% and with more effort if the failure probability is lower than 50%. Thus, on the
one hand, if the failure probability is already low, exerting more effort will increase the chance that
almost no machines will break down. On the other hand, if the failure probability is already high,

exerting even less effort will increase the chance that all machines will certainly break down.

5.2. Other Behavioral Factors

In addition to risk preferences, other behavioral factors, such as heuristics and biases, might affect
decision making in after-sales supply chains. Some relevant behavioral factors presented in the behav-
ioral supply chain contracting literature are bounded rationality (Su|/2008), complexity (Kalkanci
et al.[2011), and mean anchoring (Schweitzer and Cachon|2000).

Bounded rationality refers to sub-optimal decisions, and one way to test it is with a random error
model (Sul[2008)). This model assumes that individuals’ decisions are a random variable that follows
a quantal response equilibrium. In the newsvendor setting, expected order quantities are pulled
toward mean demand and order quantities contain noise. Our setting is similar to the newsvendor
setting, in which the effort level is the equivalent to the order quantity in the newsvendor setting.
As a result, expected effort levels might be pulled toward 50% with boundedly rational decision
makers. Moreover, if complexity is an issue, the FCC might bias decision makers to a greater degree
than the other contracts, because suppliers make more decisions under the FCC, and therefore the
decision task is more complex. Higher complexity might also lead to higher bounded rationality.
Furthermore, mean anchoring (Schweitzer and Cachon|[2000)) would bias decision makers toward the
mean effort level. If optimal effort levels are higher than 50%, expected effort levels would be lower
while if optimal effort levels are below 50%, expected efforts levels will be higher. Decisions may
also adapt toward the optimal over time with learning.

Highlighting different behavioral factors that might affect both effort and contract choice decisions,
we follow the lines of behavioral operations management (BOM) research and conduct an exper-
imental study with decision makers to test whether the mentioned behavioral factors are present
in our setting. In doing so, we hope to gain insight into how different contracts perform, whether
some contracts are more attractive than others, and whether and how PBCs can be implemented

successfully.

6. Experimental Study

We analytically found that the FCC will always result in a higher machine availability and chain
profit than the RBC, while the PBC might also outperform the RBC depending on the machine
type and contract terms. The behavioral factors in the previous section however indicate that these
contracts might be prone to biases and non-expected profit-maximizing preferences, such as risk

aversion. To test whether decision makers in such a setting are prone to such behavioral factors
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and if the FCC is able to outperform the PBC, we design and conduct a lab study, to identify
and evaluate the actual behavior of decision makers in this setting. In addition, we test whether
decision makers are actually willing to switch from the RBC to the PBC or FCC. Such a setting
has (to the best of our knowledge) not been investigated before. We explain our experiment setting
and treatments in Section[6.1] Afterwards, we present our predictions and hypotheses in Section [6.2]
based on our analyses in Sections [4] and [5] After a short summary of the experimental protocol in

Section [6.3] we present our results in detail in Section [6.4]

6.1. Setting & Experimental Treatments

We examine a context in which reliability and care have equal impacts in the machine availability
and same investment cost (i.e., # =0.5 and ¢t = k) to avoid a dominance of either care or reliability.
To make the setting concrete, we set the machine number to N =40 and the revenue generated
by each machine to R = 7. The repair cost is ¢ =1, while the customer dis-utility value is d =25
per broken machine. We set the care and reliability investment constants to k =t = 2.7 and the
lower and upper limits of the failure probability to p; = 5% and p;, = 95%, respectively. This leads
to an optimal compensation amount of v* =2 for each broken machine payed by the supplier to
the customer under the PBC* (PBC using the optimal v*). These parameters result in a setting
that mimics the general insights from our analytical study (i.e., higher total profit for the PBC*,
which still cannot be as high as the FCC, and a higher profit variance for the FCC). Last, we
set the fixed payment, such that the possibility for a negative profit is low, to avoid any potential
loss aversion effect on decisions, and expected profits for risky settings are reasonably higher than
risk-free settings.

An alternative PBC can be designed by setting v = d. For this v, the complete risk shifts to the
supplier, who compensates for the full machine breakdown disutility of the customer. In accordance
with normative theory, the total chain profit is equal to the RBC in this setting. This contract is of
special interest because it is actually identical in profits and risks to the RBC, just by exchanging
the roles of customers and suppliers. This contract serves as a reference contract for decision making
in the RBC in subsequent analyses. However, performance and effort decision in this contract are
not the main focus in our analysis because the contract is dominated by the optimal PBC*. While
the risk is shared under the first setting (optimal PBC*) but fully transferred to the supplier in the
second setting, we refer the second contract as PBCF (PBC-Full). With the chosen parameters, we
show the optimal decisions and outcomes under each contract in Table [T}

We use these contracts to design our treatments. Our experiment contains two parts. In the first
part, the decision maker takes the role of the supplier and chooses the related contract parameters for

a given contract for 30 periods after 3 periods of warm-up. The supplier sets reliability levels for the
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Contract Reliability Care Failure Probability Chain Profit Supplier Profit Customer Profit

PBC* 0.25 0.25 0.725 92.5 46.25 46.25
FCC 0.5 0.5 0.5 106 75 31
PBCF 0.5 0 0.725 79 48 31
RBC 0 0.5 0.725 79 31 48

Table 1 Optimal effort levels and profits for contracts with experiment parameters

PBC* (Treatment 1) and PBCF (Treatment 2) and sets both reliability and care levels for the FCC
(Treatment 3). Before making a decision, subjects can try different values for both effort levels in all
the treatments with a decision support tool and observe the resulting failure probability, their own
and the customer’s expected profits, the probability distributions of the number of broken machines,
and the distribution of their own and the customer’s profits. The customer is computerized in
Treatment 1 and 2, and sets care levels at expected profit-maximizing levels (Table . Subjects are
informed about that explicitly. Focusing on supplier decisions, we aim to eliminate social preferences,
such as inequality aversion and reciprocity in our experiments, and investigate individual preferences
and biases in decision making using service contracts.

At the end of each period, the number of broken machines is randomly generated, and the real-
ized profits of the supplier and customer are calculated accordingly. The machine failure follows a
binomial distribution in which the failure probability is determined by effort choices of the supplier
and customer. The decision makers are compensated according to their accumulated profit over the
30 periods. This first part enables us to understand how suppliers may perform with each contract.
The Online Appendix provides screenshots and instructions.

In the second part of the experiment, decision makers are given 10 sets of contract choices between
an RBC and PBC*, PBCF, or FCC (depending on their treatment). This design allows the decision
makers to become familiar with the business context and the contract itself (in the first part) before
choosing between two contracts. We set the reliability and care levels to optimal values in this part
so that decision makers can focus on the contract choice. The goal is to measure the switching point
from the RBC to one of the other contracts to which the subject is assigned. The RBC is the same
for all 10 contract sets, while the fixed payment (and with that the expected profit) increases for the
alternative contract as subjects go down in contract sets. We set the fixed payment for the RBC to
31, which means that the supplier’s profit is 31 (and the customer’s expected profit is 48; see also the
values in Table [1)) for all 10 sets. We set the fixed payment values for the PBC*, PBCF, and FCC,
such that the first contract choice is between an RBC with 31 certain profit and a risky contract
with 31 expected profit, while the last contract choice is between an RBC with 31 certain profit
and a risky contract with the highest possible expected profit under the corresponding contract.

(Screenshots of the interface are available in the Online Appendix.) Subjects choose between the
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two contracts for each of the 10 contract pairs, and the reward is determined by their choices in a
randomly drawn contract pair. This part enables us to determine whether suppliers are willing to
switch from the RBC to a risky contract (PBC or FCC) and how much risk premium is requested
to do so. This design is comparable to the risk lottery approach in Holt and Laury| (2002).

6.2. Predictions and Hypotheses
Based on the analytical study in Section[d]and the potential behavioral factors described in Section[5]

we can derive predictions and hypotheses for our experimental setting.

6.2.1. Effort Levels and Contract Performance With regard to the normative predictions,
we find that the FCC achieves the first-best failure probability of 0.5, with reliability and care at
first-best levels. Under the PBC*, effort levels are below the first-best, resulting in a higher total
failure rate and a lower total chain profit. Total failure rates are the same for the RBC, PBC*, and
PBCF. However, given the split of efforts, the total chain profit is higher under the PBC* than it
is under the PBCF and RBC (due to the quadratic cost function).

This leads us to our first hypothesis, which predicts the decisions of the supplier and the resulting
performances under the PBC*, PBCF, and FCC:

Hypothesis 1 a. The supplier sets an optimal reliability level, which results in the first-best relia-
bility under the FCC and PBCF and lower reliability under the PBC*.

b. Failure probabilities are rational, leading to the first-best failure rate for the FCC. Failure rates
are higher under both PBCs (being equal for PBC* and PBCF) than under the FCC.

c. The total chain profit is higher for the FCC than both PBCs. It is the lowest under the PBCF.

For the behavioral factors (Section , bounded rationality and mean anchoring would both lead
to reliability and care levels closer to 50%. This means that boundedly rational decision makers
might put too much reliability in the PBC*, while their decisions are not affected in the FCC and
PBCF. Moreover, having too high efforts in the PBC* will increase the total chain profit because
the failure rate will be closer to the first-best. However, the supplier profit will decrease.

Under the FCC, the supplier makes both the care and reliability decisions. Kalkanci et al.| (2011])
and Ttncel et al.| (2021) find that decision makers deviate from the optimal more as the contract
mechanisms get more complex. Under the FCC, a decision maker choosing two contract parameters
could face a higher bounded rationality. While average efforts will not be affected (because average
efforts are biased toward 50%), higher noise might lead to lower profits. Therefore, efficiency might
be worse under the FCC. With regard to the impact of risk on effort levels in our setting, the risk
(profit variance) can be decreased with a lower effort than the normative optimum under the PBC*

and the PBCF and with a deviation from the optimal in any direction under the FCC.
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6.2.2. Contract Choice For our experimental setup, expected supplier profits are higher under
each of the three contracts than under the RBC. This means that suppliers should be willing to
switch from the RBC to any of the offered contracts when offered to do so. However, the risk aversion
levels of the customer and supplier can lead to disagreements in switching from the RBC.

For our setting, under the PBC*, the total profit variance is half the customer’s profit variance
under the RBC (and only one-quarter of each party, because the breakdown cost is shared equally).
This means that the total risk premium requested by the supplier and customer under the PBC*
will be half the risk premium requested by the customer under the RBC. Even if the supplier is
more risk averse, the total risk premium required to motivate companies to switch to the PBC*
might easily be compensated by a higher chain profit attained under the new contract. Therefore,
if the supplier and customer have the same risk preference distribution, the agreement possibility
with the new contract will be high.

The FCC will attain higher profits for the supplier and the total chain, but the profit variance
will also be higher in this setting (see Figure [B.1)). This might result in a higher risk premium
requirement from the supplier, diminishing the superiority of the FCC to convince the companies
to change their contractual agreement. Using the experimental method, we analyze the agreement
potential of the FCC with actual decision makers. In particular, we examine whether actual risk
preferences reduce acceptance of the FCC.

In the PBCF, total profits are equal to the RBC, and rational companies who can agree under
the RBC should also be able to agree under the PBCF. The supplier carries the full risk under the
PBCEF. Therefore, if customers and suppliers have the same risk premium distributions, they will
agree to switch their contracts only with a 50% probability (if the supplier is not more risk averse

than the customer). Thus:

Hypothesis 2 A supplier and customer will be more likely to switch from the RBC to the FCC
than to the PBC* and PBCF.

6.3. Experimental Protocol

We designed the interface as a webpage using the MVC (model-view-controller) framework to con-
duct our experiments online. We conducted the experiments with students attending two large
public universities in western Europe, placing 31 students in the PBC* treatment and 30 in the FCC
treatment. Because PBCF is only used as a side contract, we only had 24 students participating in
that treatment. Participants are first presented with instructions and then they had as much time
as they wanted to finish the related treatment. Each treatment took approximately 60 minutes.
Participants were rewarded up to 20 euros, including a 4-euro participation fee; the average reward

was 16.21 euros.
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Table 2 Efforts, failure probabilities and profits, and tests with normative predictions

Treatment Statistic Optimum Experiment
PBC* T 25% 31.6%""* (0.08)
P(7, k) 72.5% 69.5%*** (0.036)
E[IT] 92.5 94.00"* (2.58)
E[IT°] 46.25 44,17 (2.47)
PBCF T 50% 53.1%"* (0.094)
P(7,K) 72.5% 71.1%* (0.043)
E[IT] 79 76.80%** (2.30)
E[IT%] 48 45.80"** (2.30)
FCC T 50% 54.3%"* (0.079)
K 50% 52.7%" (0.076)
P(r,k) 50% 46.9%* (0.054)
E[IT] 106 102.47*** (3.32)
E[IT°] 75 71.47* (3.32)

Note: Average values are reported with standard deviations in parentheses.

*p <0.05, "*p<0.01, ***p < 0.001.

6.4. Results
First, we present the performance of our subjects in the first part of the experiment with regard to
the effort, machine failure probability, and resulting profits. Second, we analyze the contract choice

behavior.

6.4.1. Efforts, Failure Probability, and Profits Table [2] presents the descriptive statistics
of subjects’ decisions and related outcomes for the first part of treatments. The average reliability
levels under the PBC*, PBCF, and FCC and the care level under the FCC are all above the
normative predictions. This results in a lower failure probability (higher machine availability) and
lower expected supplier profit with all contracts. While the chain profit under the PBCF and the
FCC are also lower than the normative prediction, the reliability choices of subjects result in a
higher total chain profit under the PBC*.

Following the behavioral operations literature, we use non-parametric tests to test our hypothe-
ses. Table [2] includes Wilcoxon signed-rank test results comparing experimental outcomes with
normative predictions. We find that the average effort levels are significantly above the normative
predictions for all contracts (p < 0.05 for all). Therefore, subjects deviate from normative predic-
tions in the upward direction for each of the contracts, rejecting Hypothesis [Th. This also means

that the reliability levels are above the first-best under the FCC and PBCF. Moreover, we find that
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the reliability levels under these contracts are significantly higher than the reliability level under
the PBC* (Mann-Whitney U tests, p < 0.001 for both PBCF vs. PBC* and FCC vs. PBC*).

For the behavioral factors (Section , we conclude that bounded rationality and mean anchoring
cannot explain the consistent too high effort levels among different contracts, as those theories would
lead to reliability and care levels closer to 50%. For risk aversion, a supplier can decrease his profit
variance by exerting less effort under the PBC* and PBCF, while deviation from any direction
from normative optimum will decrease the supplier’s profit variance under the FCC. Therefore, risk
aversion also cannot explain the consistent too high mean effort.

Testing Hypothesis [Ib, we find that the failure probabilities are significantly lower than predicted
by normative theory in all contracts (p < 0.05 for all), resulting in higher machine availability
than predicted. Moreover, in support of Hypothesis [Ib, the failure probability under the FCC is
significantly lower than the failure probabilities under the PBC* and PBCF (Mann-Whitney U
tests, p < 0.001 for both FCC vs. PBC* and FCC vs. PBCF).

Testing Hypothesis [Tk, we find that total chain profit is significantly higher than it is suggested
by normative theory under the PBC*, while it is the lower under the FCC and the PBCF. The
reason is that any deviation from the normative optimum for the supplier’s reliability choice under
the PBCF and the supplier’s reliability and care choices under the FCC will decrease the chain
profit because these contracts normatively induce first-best effort levels. Therefore, exerting too
high effort decreases total profits under these contracts. With regard to the chain profit, the FCC
outperforms the PBC* and PBCF, and the PBC* outperforms the PBCF, in support of Hypothesis
(Mann-Whitney U tests p < 0.001 for FCC vs. PBC*, FCC vs. PBCF, and PBC* vs. PBCF).
Nevertheless, when comparing the efficiencies of subjects’ decisions (the rate of expected chain
profit obtained with decision makers to the optimal chain profit) between the FCC (96.7%) and the
PBCF (97.2%), we find no significant difference (Mann-Whitney U tests, p = 0.492). This result
suggests the complexity is not a significant factor in subjects’ decisions in this setting, because
behavioral theory would suggest lower efficiency for the FCC due to higher complexity than the
PBCF. Overall, we find moderate deviations from normative theory (slightly too high efforts), but
the subjects’ performance is rather good (supplier efficiency is higher than 95% for all the contracts).

As predicted, the FCC increases total profits the most, offering the greatest switching opportunity.

6.4.2. Choosing Contracts While we find that the FCC is still the best contract (by providing
the highest profits), there is no guarantee that companies will adopt it when they already have an
RBC. Although we find that risk aversion is not a prominent factor in the effort level, it might
still be a relevant driver when choosing between different contracts. Investigating different contract

mechanisms, Ttncel et al.| (2021) note that decision makers have difficulty in understanding the
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Table 3 Supplier’s Risk Premium Expectation Statistics

Th« PR TR
Mean 10.89 10.00 14.86
Std. Dev. 7.97 8.55 14.50
Zero Premium (%) 6.7% 8.3% 30%

Nonzero Premium (Mean) 11.62 10.91 21.23

consequences of their parameter choices in complex business settings. Therefore, they may not realize
the impact of small parameter changes in their profit variances but their risk preferences may affect
the contract choices.

Therefore, we analyze the second part of our experiment in more detail to uncover the impact of
risk preferences on contract choices. Using the switching point in the 10-choice task, we compute the
risk premium that each subject demands for switching from the RBC to the PBC*, PBCF, or FCC.
Table [3] presents the mean and standard deviations of the risk premiums. Risk premium values of the
supplier are significantly higher than zero (Wilcoxon signed-rank tests, p < 0.001 for all contracts).
Thus, risk seems to play a role when choosing between contracts. The risk premiums of the supplier
under the PBC* and PBCF are close and not significantly different (Mann-Whitney U test, p =
0.447). This finding does not match with Pratt| (1978)), who argues that the risk premium depends
on the profit variance. The variance is smaller under the PBC* than under the PBCF (supplier’s
profit variance under the PBC* is one-quarter of the variance under the PBCF). Moreover, Table
[3 shows that the supplier’s mean risk premium to accept the switch to the FCC is higher than it
is to switch to the PBC* and PBCF. However, the difference is not statistically significant (Mann-
Whitney U tests p > 0.4 for both comparisons). This is likely because 30% of subjects do not ask
for a risk premium under the FCC, while this fraction is only 6.7% and 8.3% under the PBC* and
the PBCF, respectively. This means that 30% of the subjects accept switching from the RBC to
the FCC without asking for any extra payment to carry the risk. Two proportion z-tests show that
the percentages are significantly different (p =0.017 for FCC vs. PBC* and p =0.049 for FCC vs.
PBCF). Analyzing (conditional) mean risk premiums for subjects asking for a risk premium, we find
that the average nonzero risk premium under the FCC is significantly different from that under the
other contracts (Mann-Whitney U test, p < 0.01 for both comparisons to the PBC* and PBCF).
This indicates that a larger fraction of subjects accepts switching to the FCC without asking for
a risk premium, but those asking for a risk premium demand a higher premium. Our behavioral
study suggested a higher premium because the supplier’s profit variance (i.e., risk) is highest under

the FCC.
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Figure 1 Agreement probabilities of the customer and the supplier to switch to a new contract

To estimate how likely each new contract is to actually motivate both companies to agree on
switching from the RBC to the new contract, we need to know the additional chain profit under the
new contract, the risk premium required by the customer under the RBC, and the risk premiums
required by the customer (under the PBC*) and the supplier (under all new contracts). For the
analysis, we calculate the additional normative chain profits for each of the new contracts (Table (1]).
From the second part of our experiment, we sample risk premiums required by the supplier under
each of the new contracts. We further sample the risk premiums required by the customer under the
RBC from the risk premiums observed for the supplier under the PBCF. We expect these premiums
to be representative, because the PBCF and RBC are the same when the customer and supplier
roles are switched. Finally, we assume the risk premiums required by the customer under the PBC*
to be the same because our analysis does not find significant differences between risk premiums
under PBC* and PBCF. In line with the number of subjects in our experiment, we sample 31 times
for the supplier for the PBC* contract, 30 times for both the customer and the supplier for the
FCC contract, and 24 times for both the customer and the supplier for the PBCF. If the additional
chain profit is exactly equal to the additional required risk premiums, we assume an agreement is
reached with 50% probability. We calculate for each contract the average agreement probability
and repeat this process 10,000 times, leading to the results presented in Figure [I] As a robustness
check, we conducted similar analyses using actually achieved profits (instead of normative profits)
as presented in Table [2| and drawing customer risk premiums for PBC* from the supplier’s PBC*
risk premiums. The results are qualitatively similar.

Overall, we find that the FCC attains a higher machine availability and chain efficiency than the
PBC and RBC; it also has a high chance of convincing companies to give up the inefficient RBC in
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favor of the FCC. However, the PBC also has the potential to attain a high agreement probability
depending on the business setting. This answers our last research question, and we can conclude
that while the FCC can attain the highest chain profit in practice, it may not guarantee a 100%
probability of switching from the RBC. Nevertheless, most customers and suppliers will reach to an

agreement with an FCC thanks to its high chain profit.

6.4.3. Potential explanations for the observed results We find too high effort levels by
suppliers under all contracts. In addition, we find that a significantly higher fraction of subjects
accept switching to the FCC without asking for risk premium than with the other contracts. How-
ever, those who ask for a risk premium under the FCC ask for a higher premium than that under
the PBC* and PBCF. In addition to our formal hypothesis testing, we explore potential reasons for
the observed results.

With regard to the too high effort levels, a potential explanation for the upward deviation could
be subjects’ sustainability concerns. More effort will always decrease the failure probability and
increase the machine availability, resulting in a more sustainable business setting. Although the
experiment did not include any information to motivate the subjects in this manner, universities
train students about sustainability in business, and surveys indicate that people are willing to pay
for sustainability (Charter et al.|2002). Analyzing the resulting profits, we find that sustainability
concerns might indeed be motivating suppliers to choose actions, decreasing the failure probability
even if this choice increases risk and reduces profit. Moreover, too low failure rates under the FCC
and PBCF negatively affect the total chain profit.

Regarding the contract choice parts of treatments, the results show that the risk premium values
are not significantly different under the PBC* and PBCF. Therefore, the profit variance might not
be the most important factor affecting the risk premium requirement of suppliers to bear the risk
in after-sales service supply chains. As mentioned previously, we find that more subjects accept
switching their contracts without asking for a risk premium under the FCC even when they are
taking over a high profit risk. Comparable to the effort choices, potential sustainability concerns
might also explain the contract choice behavior. Subjects with high sustainability concerns can have
a higher utility value with a contract providing a lower failure probability even if they have to bear
more risk. Therefore, additional utility might compensate for the higher risk.

Nevertheless, those subjects who are asking for a risk premium do indeed ask for a higher risk
premium under the FCC than under other contracts. This is in line with the higher risk involved
under the FCC. In addition, these subjects could consider that making both the reliability and care
decisions under the FCC requires a higher premium than the risk premium levels when making only

one choice (on reliability) under the PBC. Thus, these subjects may expect additional compensation
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for doing more under the FCC. This is related to |Rosenboim et al.| (2013) who find that decision
makers who are required to exert more effort in an auction ask for a higher risk premium. Alter-
natively, Bell (1983) shows that the risk premium requirements can depend on other behavioral

preferences, such as people’s fear of regret.

7. Conclusion

In this study, we extend the theory on after-sales service contracts to close the gap between theory
and practice. We find that while the RBC creates a moral hazard problem on the supplier’s side,
the PBC results in moral hazard on the customer’s side. We thus conclude that both contracts
fail to achieve the minimum equipment failure and the first-best solution for the supply chain. By
contrast, the FCC allows the supplier to make all the decisions influencing machine availability
while also bearing all the consequences, which solves the moral hazard problems and can lead to
the first-best solution. Conducting lab experiments with decision makers as suppliers, we find that
suppliers choose higher effort levels than our normative prediction for the PBC and FCC. We show
that this tendency is not due to risk aversion, bounded rationality, or mean anchoring. Moreover, to
understand whether suppliers’ risk preferences prevent switching from the RBC to the more efficient
PBC and FCC, our experiment elicits the risk premium demanded by suppliers to switch to the
PBC and FCC. We find that the likelihood to switch to the FCC is higher than that to switch to
the PBC despite the higher risk involved under the FCC.

We find that the customer and supplier collaboration is critical to a better PBC as suggested by
Randall et al.| (2010) and Hypko et al| (2010), because sharing the risk can lead to higher chain
efficiency and better agreement potential under the PBC. Furthermore, the PBC has an additional
contract parameter, namely the supplier’s compensation amount. While this is automatically pro-
vided in our experiments, Harada| (2010) and |Glas| (2020) argue that finding and agreeing on the
optimal parameter in a specific business setting can be difficult. As this might be an additional expla-
nation for the subpar PBC performances in practice, future research including human-to-human
experiments in which all contract terms are set by decision makers might reveal further insights on
the performance of the PBC compared to RBC and FCC.

Despite these limitations, this paper provides valuable insights for managers of companies in
after-sales supply chains. Achieving higher machine availability is important for both economical
and environmental reasons. While this was initially the problem of customers, PBCs are initiat-
ing supplier engagement. As extant literature also highlights, finding the best service contract for
the specific business setting is essential for higher efficiency and sustainability. In this study, we
provide not only the mechanisms to design the best contract but also insights into risk premium

requirements of decision makers to understand whether the best contract is actually feasible for
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an agreement between chain members. Managers can use our findings to assess the value and fea-
sibility of updating their current contracts or when they are negotiating the contract terms. We
recommend that managers wanting a well-designed PBC to consider FCCs, which promise a bet-
ter chance for a higher efficiency, sustainability and agreement potential, as spotlighted with the
design-build-operate-maintain contract in the construction industry (Dahl et al.[2005).
Smith-Gillespie et al.| (2018) further highlight the benefits of a contract when the supplier is
involved in the operation stage. They show that a supplier with access to information on the per-
formance of his products can provide better customer service and even better equipment design.
Moreover, the supplier can follow the equipment throughout its life cycle, thus gaining an opportu-
nity for closed-loop recycling because the supplier can retrieve the high value materials toward the
end of the equipment’s life cycle. By taking full responsibility of the equipment with the FCC, he
can take advantage of the circular economy and maximize the chain’s sustainability in addition to

its efficiency.
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Appendix A Proofs
A.1 Proof of Lemma 1l

Under the RBC, to optimize his (expected) profit, the supplier should maximize Equation toward
7, implying that he should minimize the investment in reliability (i.e., 7 = 0).

Under the PBC, to optimize his expected profit, the supplier should maximize Equation ({4))
toward 7. As T"(1) = 2t7N (see Equation @)) and %:“) = —0(pn — p1) (see Equation @D the
supplier should set the reliability level such that —(c+v)0(py, —pi)) N + 2t7N =0 (if possible); that
is, 75 = min [(”Jrc)ez(#, 1] > 0.

Under the FCC, to optimize his expected profit, the supplier should maximize Equation @ toward
7. With a similar reasoning as that under the PBC, this implies that 7 = min [%, 1} . As

d > v, we have 15 > 75.
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The first-best reliability level comes from maximizing Equation toward 7. We can easily show
that the partial derivative of this expected profit function is identical to that of Equation (@, the
expected profit function of the supplier under FCC, such that 7% =73

As we assume that 7* < 1, our proof is complete.

A.2 Proof of Lemma [2]
Under the RBC, to optimize her (expected) profit, the customer should maximize Equation (3]
toward k. As K'(k) = 2kkN (see Equation 1) and % =—(1-0)(pn, — 1) (see Equation ),
the customer should set the care level such that —(d+¢)(1—60)(p, —pi)N +2kxN =0 (if possible);
that is, K; = min [W, 1].

Under the PBC, to optimize her (expected) profit, the customer should maximize Equa-
tion toward k. With a similar reasoning as that under the RBC, this implies that xf =

(d=v)(1-0)(pp—p1)

o ,1] As d+c¢>d—wv, we have k > k}p (with equality only if ki = k5 =1). If

min {
d=w, then s} =0.

Under the FCC, to optimize his (expected) profit, the supplier should maximize Equation (7))
toward k. Doing so gives the same result as for the customer under the RBC; that is, kj =
min {w, 1} .

The first-best care level comes from maximizing Equation toward x. We can easily seen that
the partial derivative of this expected profit function is identical to that of Equation , the expected
profit function of the customer under RBC, such that £* = kj; = kf.

As we assume that k* > 1, our proof is complete.

A.3 Proof of Corollary
The failure probability, given in Equation , is decreasing in both the reliability level 7 and the
care level k. The results on the reliability levels that we use come from Lemma [1 and results on
the care levels come from Lemma [21

As 1 > 7 and K = Kk§, part (a) holds.

As 1 > 75 and Kf > K, part (b) holds.

As 7 =714 and k* = K}, part (c) holds.

We can calculate the failure probabilities under the PBC and RBC by setting the corresponding
reliability and care levels, given in Lemmas |1f and |2 in Equation . Then
(c+v)0?(pn—p)*  (d—v)(1—0)*(pn —p1)*

2t 2k

(d+c)(1=0)*(pr —p1)*
2k '

P(7,kp) =Dh — , and

P(Tléza KVI*%) =Dh —

such that P(r5, k%) — P(m,65) = (c+v)(pn — p1)? (% - (1;:)2). This implies that part (d) holds.
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A.4 Proof of Theorem [
We can calculate the expected total chain profits under the various contracts by setting the corre-

sponding reliability and care levels, given in Lemmas [1| and , in Equation . Then

E[IT (15, )] = RN = pa(d +c)N + (pn —pz)2N(d+c)2(14_:)2,
B[ (75, 55)] = RN — pu(d + ¢)N + (pr, — p1)*N [<2d—v+3(c+v)92 N (d+v+2c)5i— v)(1—6)?

EIT (7, k5)] = RN = pud + N + (- PN+ o2 |+ U225

Since % >0, we see that part (a) holds.

Since v < d, we see that (2d —v+¢)(c+v) < (d+¢)? and (d+v+2¢)(d—v) < (d+¢)?; thus, part
(b) holds.

Since 7* =7 and k* = K}, part (c¢) holds.

Next, E[II(r, w3)] — B[ (2, 65)] = (¢ + ) (pn — pi)°N (<C+“11<,j—9>2 . <2d—gj@92>. This implies
that part (d) holds.

We derive dE[Ht(d?v"fS)] — [(ffl—;tw2 _ (v+c)2(;_9)2] (pn —p1)?N. Setting this equal to 0 shows that part
(e) holds.

A.5 Proof of Theorem [2]

To switch from the RBC to another contract, both the customer and the supplier should have an
(expected) utility value under the new contract that is greater than or equal to the (expected)
utility value under the RBC. The expected utility values under contract m for the supplier and
customer are equal to the expected profit minus the risk premium, E[II} | — % and E[II ] — r¢,,
respectively. Note that under the RBC, the supplier has a risk-free profit, so that the expected
profit is a deterministic profit and the risk premium is 0, while under the FCC, the customer has a
risk-free profit.

This means that both the supplier and the customer want to switch (or are indifferent to switching)
from the RBC to the FCC if II} < E[II}] — r§ and E[II] — r§; <II§. By summing both left-hand
sides and both right-hand sides, and when E[IT} | = E[II¢, ] + E[II? ], we show that it is possible to
find an allocation that makes both the supplier and the customer want to switch (or be indifferent
to switching) from the RBC to the FCC if IT§, + E[IT§,] — r§ < E[IT3] — rf + 105 or if E[ITR] — g <
E[IT%] — 5, which proves part (a).

Similarly, both the supplier and the customer want to switch from the RBC to the PBC if
I} <E[ILL] —rp and E[IIG] — rg <E[II§] — 5. With a similar reasoning as before, this leads to the

proof of part (b).

, and
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Appendix B Variance Analysis

Figure presents the contracts with the highest variance totals in different business settings. The
disutility, d, the repair cost, ¢, the reliability investment constant, ¢, and the probability limits, (p;,
pn), are fixed as 5, 1, 1 and (0.00001, 0.99999) respectively. Moreover, the compensation amount
under the PBC, v, is set to the optimal as given in Corollary [I} While increasing the reliability
investment constant and shrinking the probability range extends regions where either the PBC or
the FCC has the highest total variance, the FCC regions extend more. The change in the rate of
disutility to the repair cost shrinks the FCC region and extends the RBC region. Last, setting the
compensation amount equal to the disutility, which results in the worst chain profit performance

with the PBC, extends the PBC region.
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Figure B.1 Contracts with the highest variance totals for the customer and supplier
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