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Fairness concerns play an important role in our lives. Until recently, it was assumed this applied only to
our personal lives and had no impact on people as economic beings. In the view of traditional economic
models, people are seen as profit-seeking and self-regarding agents, which are exclusively concerned
about their own material payoff. Evidence based on experimental research proved this to be false, which
led to the development of a substantial number of fairness models, most notably the Fehr and Schmidt
(1999) model which conceptualizes fairness as inequity aversion. This research continues their work by
applying their conceptualization in the dynamic and multi-stage setting of the Beer Distribution Game.

Fairness concerns have been shown to be pervasive in organizations and markets (Kahneman et al. 1986;
Xia et al. 2004; Nguyen & Klaus 2013). That also includes supply chains where decisions of the agents
are influenced by fairness concerns (Anderson & Weitz 1992; Samaha et al. 2011), including
competitive supply chains where agents exhibit fairness concerns even towards agents that are their
direct competitors (Choi & Messinger 2016). Most of the studies of fairness focus on the so-called
distributional fairness in simple settings (e.g., the newsvendor problem or wholesale price contracts; Nie
and Du 2017). Ho and Su (2009) were the first to study peer-induced fairness alongside distributional
fairness in a setting of two independent Ultimatum Games played by a leader and two followers in a
supply chain context. The next logical step is to test the theoretical assumptions and current findings in
more complex and dynamic settings. One such setting which, so far, has not been utilized in fairness
research is the Beer Distribution Game.

Fairness concerns are surprisingly absent from both the Beer Distribution Game and the bullwhip effect
literature. To the best of our knowledge, there is no research dealing with either distributional or peer-
induced fairness concerns in the context of the Beer Distribution Game, and fairness is not considered
as one of the possible causes of the bullwhip effect. One paper which mentions fairness in this context
is Coppini et al. (2010) which studies how an actor’s position in the supply chain influences its
responsibility for generation of the bullwhip effect, as well as its predisposition to suffer from it. They
conclude that supply chains are “unfair¢ systems because the stages that are more responsible for
generating the bullwhip are those that suffer less from it, and vice versa, those that are less responsible
for its generation are the ones that suffer more. Whether or not this has an impact on agents’ decision
making has not yet been investigated.

The Beer Distribution Game has become a popular experimental tool to study the bullwhip effect,
primarily because of its simplicity and robustness of results. As the number of publications related to
the Beer Distribution Game increased, a need for computerized versions of the game emerged. Some
versions kept the human decision-makers and only replaced the original board with computers (e.g.,
Croson & Donohue 2003, 2005), while others partially (e.g., Martin et al. 2004) or completely (e.g.,
Coppini et al. 2010) removed human decision-makers and replaced them with mathematical models.
One such model, in which decision-makers are completely replaced by a decision heuristic based on the
order equation developed by Sterman (1989), was developed by Kirkwood (1998) in Vensim software.

Kirkwood’s model provides a very good representation of the game and simulation results match the
empirically observed behavior with reasonable accuracy. With that said, in order to use it to study
fairness concerns it needs to be extended since it is missing some key features. Fehr and Schmidt (1999)
propose modeling fairness concerns as inequity aversion, which means that players compare their own



payoff to other players’ payoffs, and the discrepancies impact how fair they perceive the outcome to be.
Players in the Beer Distribution Game are focused on managing their inventories and backlogs, and only
in the end are provided with supply chain costs information to inform them about their individual and
joint performance. The lack of individual real-time performance measures, as well as the focus on
overall supply chain performance, make the standard Beer Distribution Game an unlikely setting in
which players would experience fairness concerns. Although cost information can be provided during
the gameplay, it does not exactly match the factors used by Fehr and Schmidt (1999) which employs
payoffs and their differences to determine players’ utilities. By measuring profit at each stage and
making these values known to players throughout the game, it is possible to shift the focus of the game
to individual performance and to profit as a payoff value which the players could use to compare their
relative standings to other players.
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Figure 1. Utilities in the extended Beer Distribution Game

Our simulations (Figure 1) suggest that Coppini et al. (2010) were correct in stating that the upper tiers
suffer most from the bullwhip effect, even though they are not the ones causing it. At the end of the
simulation, distributor and factory are indeed the worst performers. Nevertheless, their conclusions
might be misleading since they associate suffering with the amplification of orders. In fact, using its
position at the end of the supply chain, the factory is able to take advantage of amplified orders
throughout most of the game, running up the profits and maintaining high utility. It benefits from its
empty inventories and high sales while everyone else suffers because of it. We suggest that the two
middle tiers might be the ones to suffer the most, in particular the distributor. They possess neither of
the two position advantages (being closest to the final customer like retailer or being closest to the
manufacturing point like the factory) which they could use to their advantage and are instead left at the
mercy of amplified orders and empty inventories coming from down- and upstream respectively. In this
particular setting, the wholesaler is the one suffering more from increased lead times, and the distributor
is the one suffering more from amplified orders.



References

Agell J, Lundborg P. 1995. Theories of pay and unemployment: Survey evidence from Swedish
manufacturing firms. Scandinavian Journal of Economics 97(2): 295-307.

Alm J, Sanchez I, DE Juan A. 1995. Economic and noneconomic factors in tax compliance. Kyklos
48(1): 1-18.

Anderson E, Weitz B. 1992. The use of pledges to build and sustain commitment in distribution
channels. Journal of Marketing Research 29(1): 18-34.

Andreoni J, Miller J. 2000. Giving according to GARP: An experimental test of the consistency of
preferences for altruism. Econometrica 70(2): 737-753.

Andreoni J, Varian H. 1999. Preplay contracting in the Prisoner’s' Dilemma. Proceedings of the
National Academy of Sciences of the United States of America 96(19): 10933-10938.

Becker GS. 1974. A theory of social interactions. Journal of Political Economy 82(6): 1063-1093.

Bewley T. 1999. Why Wages don't Fall During a Recession. Harvard University Press: Harvard.

Bolton G. 1991. A comparative model of bargaining: Theory and evidence. The American Economic
Review 81(5): 1096-1136.

Bolton G, Ockenfels A. 2000. ERC: A theory of equity, reciprocity, and competition. The American
Economic Review 90(1): 166-193.

Bowles S, Gintis H. 2000. Reciprocity, self-interest, and the welfare state. Nordic Journal of Political
Economy 26: 33-53.

Caliskan-Demirag O, Chen Y, Li J. 2010. Channel coordination under fairness concerns and nonlinear
demand. European Journal of Operational Research 207(3): 1321-1326.

Charness G, Rabin M. 2000. Social preferences: Some simple tests and a new model. Mimeo, University
of California at Berkeley.

Chen J, Zhou YW, Zhong Y. 2017. A pricing/ordering model for a dyadic supply chain with buyback
guarantee financing and fairness concerns. International Journal of Production Research 55(7):
1-18.

Choi S, Messinger PR. 2016. The role of fairness in competitive supply chain relationships: An
experimental study. European Journal of Operational Research 251(3): 798-813.

Clark AE, Oswald AJ. 1996. Satisfaction and comparison income. Journal of Public Economics 61(3):
359-381.

Coppini M, Rossignoli C, Rossi T, Strozzi F. 2010. Bullwhip effect and inventory oscillations analysis
using the beer game model. International Journal of Production Research 48(13): 3943-3956.

Croson R, Donohue K. 2003. Impact of POS data sharing on supply chain management: An experimental
study. Production and Operations Management 12(1): 1-11.

Croson R, Donohue K. 2005. Upstream versus downstream information and its impact on the bullwhip
effect. System Dynamics Review 21(3): 249-260.

Cui TH, Raju JS, Zhang ZJ. 2007. Fairness and channel coordination. Management Science 53(8): 1303-
1314,

Dahl GB, Leken KV, Mogstad M. 2014. Peer effects in program participation. American Economic
Review 104(7): 2049-2074.

Du S, Nie T, Chu C, Yu Y. 2014. Reciprocal supply chain with intention. European Journal of
Operational Research 239(2): 389-402.

Du S, Wei L, Zhu Y, Nie T. 2016. Peer-regarding fairness in supply chain. International Journal of
Production Research. DOI: 10.1080/00207543.2016.1257872.

Easterlin RA. 1995. Will raising the incomes of all increase the happiness of all? Journal of Economic
Behavior & Organization 27(1): 35-47.

Ellingsen T, Johannesson M. 2004. Is there a hold-up problem? Scandinavian Journal of Economics
106(3): 475-494.

Ellis N. 2011. Business-to-Business Marketing. Oxford University Press: New York.

Falk A, Fehr E, Fischenbacher U. 2001. Appropriating the commons — a theoretical explanation. CEPR
Discussion Paper No. 2925. Available at SSRN: https://ssrn.com/abstract=287462.

Fehr E, Géchter S. 2000. Fairness and retaliation: The economics of reciprocity. The Journal of
Economic Perspectives 14(3): 159-181.



https://ssrn.com/abstract=287462

Fehr E, Géchter S, Kirchsteiger G. 1997. Reciprocity as a contract enforcement device. Econometrica
65(4): 833-860.

Fehr E, Schmidt KM. 1999. A theory of fairness, competition, and cooperation. Quarterly Journal of
Economics 114(3): 817-868.

Fehr E, Schmidt KM. 2003. Theories of fairness and reciprocity — Evidence and economic applications.
In Advances in Economics and Econometrics, Dewatripont M, Hansen LP, Turnovsky SJ. (eds.)
Econometric Society Monographs, Eight World Congress 1:208-257.

Forrester JW. 1958. Industrial dynamics: a major breakthrough for decision makers. Harvard Business
Review 35(4): 37-66.

Frey B, Weck-Hannemann H. 1984. The hidden economy as an ‘unobserved' variable. European
Economic Review 26(1-2): 33-53.

Greenberg J. 1990. Employee theft as a reaction to underpayment inequity: The hidden cost of pay cuts.
Journal of Applied Psychology. 75(5): 561-568.

Giith W, Schmittberger R, Schwarze B. 1982. An experimental analysis of ultimatum bargaining.
Journal of Economic Behavior and Organization 3(4): 367-388.

Ho T, Su X. 2009. Peer-induced fairness in games. American Economic Review 99(5): 2022-2049.

Ho T, Su X, Wu Y. 2014. Distributional and peer-induced fairness in supply chain contract design.
Production and Operations Management 23(2): 161-175.

Hult GTM, Closs D, Frayer D. 2014. Global Supply Chain Management: Leveraging Processes,
Measurements, and Tools for Strategic Corporate Advantage. Irwin McGraw Hill: New York.

Kahneman D, Knetsch JL, Thaler R. 1986. Fairness as a constraint on profit seeking: Entitlements in
the market. The American Economic Review 76(4): 728-741.

Katok E, Pavlov E. 2013. Fairness in supply chain contracts: A laboratory study. Journal of Operations
Management 31(3): 129-137.

Kawamoto K. 2009. Status-seeking behavior, the evolution of income inequality, and growth. Economic
Theory 39(2): 269-289.

Kirchsteiger G. 1994. The role of envy in Ultimatum Games. Journal of Economic Behavior and
Organization 25(3): 373-389.

Kirkwood CW. 1998. Business process analysis workshops: System Dynamics Models. Chapter 4: The
Beer Game. Arizona State University. Available at:
http://www.public.asu.edu/~kirkwood/sysdyn/SDWork/work-f.pdf.

Kozlenkova 1V, Hult GTM, Lund DJ, Mena JA, Kekec P. 2015. The role of marketing channels in
supply chain management. Journal of Retailing 91(4): 586-609.

Lee HL, Padmanabhan V, Whang S. 1997. The bullwhip effect in supply chains. Sloan Management
Review 38(3): 93-102.

Lee HL, Padmanabhan V, Whang S. 1997. Information distortion in a supply chain: The bullwhip effect.
Management Science 43(4): 546-558.

Levine D. 1998. Modeling altruism and spitefulness in experiments. Review of Economic Dynamics
1(3): 593-622.

Lind A, Tyler T. 1988. The Social Psychology of Procedural Justice. Plenum Press: New York and
London.

Loch CH, Wu Y. 2008. Social preferences and supply chain performance: An experimental study.
Management Science 54(11): 1835-1849.

Loewenstein GF, Thompson L, Bazerman MH. 1989. Social utility and decision making in interpersonal
contexts. Journal of Personality and Social Psychology 57(3): 426-441.

Martin MK, Gonzalez C, Lebiere C. 2004. Learning to make decisions in dynamic environments: ACT-
R plays the Beer Game. Proceedings of the 6th International Conference on Cognitive Modeling
420: 178-183.

Mentzer JT, DeWitt W, Keebler JS, Min S, Nix NW, Smith CD, Zacharia ZG. 2001. Defining supply
chain management. Journal of Business Logistics 22(2): 1-25.

Nguyen B, Klaus P. 2013. Retail fairness: Exploring consumer perceptions of fairness towards retailers'
marketing tactics. Journal of Retailing and Consumer Services 20(3): 311-324.

Nie T, Du S. 2017. Dual-fairness supply chain with quantity discount contracts. European Journal of
Operational Research 258(2): 491-500.



Nienhaus J, Ziegenbein A, Schoensleben P. 2006. How human behaviour amplifies the bullwhip effect.
A study based on the beer distribution game online. Production Planning & Control 17(6): 547-
557.

Ostrom E. 1990. Governing the Commons — The Evolution of Institutions for Collective Action.
Cambridge University Press: New York.

Ostrom E. 2000. Collective action and the evolution of social norms. Journal of Economic Perspectives
14(3): 137-158.

Pavlov V, Katok E. 2011. Fairness and coordination failures in supply chain contracts. Available at
SSRN: 10.2139/ssrn.2623821.

Rabin M. 1993. Incorporating fairness into game theory and economics. The American Economic
Review 83(5): 1281-1302.

Roth A, Malouf MWK, Murningham JK. 1981. Sociological versus strategic factors in bargaining.
Journal of Economic Behavior and Organization 2(2): 153-177.

Samaha SA, Palmatier RW, Dant RP. 2011. Poisoning relationships: Perceived unfairness in channels
of distribution. Journal of Marketing 75(3): 99-117.

Seidl C, Traub S. 2001. Taxpayers' attitudes, behavior, and perceptions of fairness. Pacific Economic
Review 6(2): 255-267.

Simchi-Levi D, Kaminsky P, Simchi-Levi E. 2000. Designing and Managing the Supply Chain.
Concepts, Strategies, and Case Studies. Irwin McGraw-Hill: New York.

Sterman JD. 1989. Modeling managerial behavior: Misperceptions of feedback in a dynamic decision
making experiment. Management Science 35(3): 321-339.

Smith A. 1986. The Wealth of Nations. Books I-I11. Penguin Classics: New York.

Tversky A, Kahneman D. 1991. Loss aversion in riskless choices: A reference-dependent model.
Quarterly Journal of Economics 106(4): 1039-1062.

Xia L, Monroe KB, Cox JL. 2004. The price is unfair! A conceptual framework of price fairness
perceptions. Journal of Marketing 68(4): 1-15.

Zajac E. 1995. Political Economy of Fairness. MIT Press: Cambridge.



