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Abstract

In this paper, we proposed a referral reward program (RRP) via social interaction mechanism in the online cab service market.
Considering other two major strategies on online cab service, we made a comparison to examined under which conditions existed,
the RRP dominated the others. We emphasized the impact of two crucial factors, information heterogeneity between informed and
less-informed passengers as well as information exchange insufficiency, on the cabdriver’s earning. Finally, we made a suggestion
to the ISPs which exerted themselves in the online cab service.
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1 INTRODUCTION

The advancement of information technology facilitated information exchange among the masses and have created
many new chances for Internet service providers(ISPs) to implement innovative selling strategies via social
interaction. On cab service field, some ISPs which specialized in offering online reserve cab service, such as Uber
and Didi, has aroused great concern in masses. It was crucial for those ISPs to design market strategies to increase
market share. In this paper, we proposed a Referral Reward Program(RRP) and studied how the RRP dominated
another two market strategies on online cab service market under given conditions.

RRP was a prominent market strategy which intended to encourage existing customers to recommend and recruit the
companies’ service to their inductees via social interaction mechanisms (Biyalogorsky et al. 2001). The early study
on RRPs emphasized on multiple ways. Some studies proposed RRPs under different considerations including
impression management (Xiao et al. 2011), monetary and in-kind reward (Jin et al. 2014), customers’ budget
constraints (Zhou et al. 2015). Some studies focused on how RRPs influenced other factors. Kuester et al. (2014)
studied the variation of customer value by RRPs. Customer lifetime value emphasized the importance of customers
who could bring firms additional customers through referral (Kumar et al. 2007). Jing et al (2011) proposed a RRP
model on the online purchase market and made a comparison under which conditions existed, RRP dominated the
other online purchase strategies. Fan et al. (2014) studied RRP’s impact on consumer intent to purchase.

The novelty of this paper was that it incorporated social interaction mechanism, RRP, into ISTPs’ market strategy
and software design on the online cab service market. Prior studies ignored the RRP’s impact on market strategies in
online cab service market. For instance, some research has focused on fare structure and fleet size regulation
(Schroeter 1983), infrastructure represented by GPS devices (Cheng et al. 2009) on cab service. Some studies
focused on another social interaction mechanism, Carpool, and constructed some carpool service systems.
CarpoolGlobal, which was web-based and transmitted carpool information to online community platforms, supplied
an interfacing service for drivers and passengers. ShareYourRide added a digital GIS to match travel offers to
requests. BlueNet-Ride (Huang et al. 2015) was a cloud-based architecture for carpool service. Some research
focused on tackling with operation problem on cab scheduling (Huang et al. 2012).

2 THE BASIS OF MODEL

We considered two segments including cabdriver and passenger. The passenger divided into informed ones which
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used online cab service via apps and less-informed ones which didn’t use it. Our aim was to propose a model to
illustrate the cabdriver’s earning of RRP and another two online cab service strategies. Because ISPs extracted a
proportion of cabdrivers’ earning to maintain operation and make profit, for the ISPs, helping cabdrivers earn more
money was equal to benefit themselves.

Passengers Behavior. The less-informed passenger accepted a travel price P, , while the informed one accepted it P, +al,
where ol was added travel values for the convenience on the cab service brought by Internet application. Here, 1>0 was
the information gap between informed and less-informed passengers. o measured unit information’s important degree.

Major Strategies:
= Special Cab strategy, under which an informed passenger ordered a special cab via cab-hailing apps;

= Carpool strategy, under which an informed passenger, as a sales agent, disseminate travel information, recruited
less-informed passengers to carpool via cab-hailing apps for sharing the travel fare;

= RRPs.

We assumed that an informed passenger took Special Cab strategy, while an informed passenger recruited a less-inform
one to took Carpool strategy, and the marginal cost was zero. The optimal price (Ps,P:) and the corresponding earning
(s, . ) were shown in Eq.1-Eq.2.

Special Cab strategy: Ps =P, +al mg = Py+al (1)
Carpool strategy: Ps=2[P, +a’1/(a+B)]  mg =2[Py +a’l/(a+P)] 2)

The Eq.2 was the solution by a contract design shown in Eq.3-EQq.5.

max TCC:PC (3)
Pe.Al
st. Py+al—(Pc/2+BAl)=0 4
Py +aAl-P:/2=0, 0<AlI<I (5)

It was presented as a principle-agent problem between the cabdriver and the informed passenger. To travel at a cheaper
price, the informed passenger must exchange travel information with the less-informed passenger. The price discount
could be partly viewed as compensation to the informed passenger for their information exchange effort. The
compensation, denoted as BAIl, increased with the agent’s effort level in information dissemination Al . Information
exchange inefficiency, B  (0,1), which measured how difficult it was for the informed passenger to reach and persuade
less-informed passengers. The Eq.4 reflected partition for the informed passenger. P /2 was each passenger’s expenditure,
which must be sufficient low to compensate the informed passenger( P /2+ BAl ) for taking the effort to recruit others. The
informed passenger was stimulated by the carpool strategy rather than the special cab strategy because of P /2+BAl < Pg.
The Eq.5 reflected incentive compatibility for the informed passenger. The agent would choose the minimum Al that was
sufficient to persuade the less-informed one to carpool.

3 THE MODEL OF RRP

RRP, under which the cabdriver activated passengers who have received special cab service to disseminate travel
information to other passengers by offering monetary rewards on successful referrals. In the following part, we illustrated
four characters of RRP.

=  The interpersonal interaction happened after informed passengers have received cab service, namely in the post-
service period;

= QOccurrence of recommendation was uncertain which depended on informed passengers’ cab service experience;

= Onasuccessful referral, the informed ones who was satisfied with the cab service was compensated hy offering
rewards, but other passengers who unwilling to recommend travel information payed the high price, Ps ;
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=  The satisfactory cab service increased informed passengers’ willing to make a referral, so comparatively
lowered the compensation needs the cabdriver offered them to motivate the behavior. The cabdriver could
exploit passenger’s satisfaction because referral occurred after the cab service.

We assumed that satisfied passengers ascended and dissatisfied passengers descended their valuation in the post-service
period. Let U denote the informed passenger’s valuation in the post-period. Assumed that the passenger has a probability
of q<[0,1] to be satisfied and increased his valuation by ¢ while a probability of 1-q to be dissatisfied and decreased his
valuation by ¢ in the post-period. Thus, the post-period evaluation was showed as

{PO +al+e ¢

>0, >0 (6)

P, +al-¢ 1-q

We assumed that pre-service valuation was equal to the price of special cab strategy. In the post-service evaluation, the
deviation ¢ and ¢ described the impact of cab service quality and passenger’s experience, where ¢ represented positive
impact for satisfied passengers and ¢ represented negative impact for dissatisfied passengers. The two-sides impact was
asymmetric.

We made the following key assumptions on the passenger decision process under RPPs.

Assumption 1(The acceptance of cab service decision) The informed passenger would receive cab service when the
individual travel price was not higher than the expected utility in the pre-service period, namely the optimal price of
special cab strategy.

Assumption 2(The referral decision) The informed passenger would recommend travel information to less-informed
passengers if the post-service utility was higher than pre-service utility (satisfied passenger), and the expected surplus form
cab service was not negative.

The model of the RPP was described in Eq.7-Eq.9 in terms of cabdriver’s optimal solution to maximize his expected
earnings.

max  E[ng] =P +q(Pz —R) ()
Pr.R,Alg

St. Py+al+e—(Pr +BAlIg —R) 20, R>0 8)

Py +0Alg —Pg =0, 0<Alg < 9)

In the Eq.7, P denoted individual cab service price for the informed passenger, R denoted referral rewards, qPg denoted
the expected bonus to cabdriver from the ISPs if the cabdriver was successfully recommended to less-informed passengers,
and gR represented the expected compensations to the informed passenger from the cabdriver on a successful RRP. Based
on Assumption 2, the informed passenger took into consideration his cab service experience and consumption surplus in
deciding whether to make a referral. So the Eq.8 was the condition for a satisfied informed passenger to make a successful
referral, where the item Pg +¢& represented post-service valuation for the informed passenger, the item P; —R-+BAlg
represented actual payment for the informed passenger in which R denoted referral rewards from the cabdriver and BAlg
denoted the cost of dissemination information for recruiting, and the decision whether to make a referral was that the
former item’s value was no less than the latter item’s value (consumption surplus). The Eq.9 illustrated that informed
passenger exchanged information with the less-informed one to ensure him accept the cab service, where Al represented
the information exchange level under the RPP. The Eq.9 ensured that the reward was sufficient to compensate the sale
agent for recruiting new passengers. In addition, based on Assumption 1, we noted that the decision whether informed
passenger accepted the cab service in the pre-service period should be under the condition of Pg >Pg . However, this
condition was buried in the Eq.8-Eq.9. The referral process was introduced as follows, (a) If P, +al >Pg, then informed
passenger accepted special cab strategy and moved to step(b), else quit out; (b) If U =P, +al, then informed passenger
satisfied cab service and moved to step(c), else quit out; (c) If U—(Pgs —R+PAlg)=0, then informed passenger
recommended the cabdriver to less-informed passengers and moved to step (d); (d) If Py +aAlg —Pg >0, then novice
passenger accepted the recommendation, else quit out.
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We solved the above model and showed the optimal solution in Lemma 1.

Lemma 1. Under the RRP, the service provider managed referral to cabdrivers and passengers by three heterogeneity
mechanisms, shown as follows.

TABLE 1 THREE REFERRAL MECHANISMS OF THE RRP

Referral Mechanisms | Conditions Price Cut s:\]:\?;gl Expected Earning E[an]
Self-Activated 0<B<Py 0 0 (1+q)PR —-C
Rewards-Activated | By <p<pp 0 Bl—¢ (1+q)Pk -q(Bl—¢)
Price Cut-Activated B>Po aBl-¢g)/(a+B) 0 (1+q)P - a1+ Q) (Bl —&) /(o +B)

Lemma 1 introduced how information exchange inefficiency affected the superiority of each mechanism relative to others.

= A Self-Activated mechanism which offered neither price cut nor referral reward, APg =0 ,R =0 was optimal

. . .. <B3<L .
when information exchange was really efficient, 0<B=Bi_|n this case, referral occurred as a spontaneous
process only by message rather than bonus;

APR =

= A Rewards-Activated mechanism which offered referral rewards only, 0, R >0 was optimal when

information exchange efficiency was in the mid-range, By <B=<B, ;

= A Price Cut-Activated mechanism which offered price cut rather than referral rewards, PR >0 R™ =0 wyas
optimal when information exchange was really inefficient, B>B2 n this case, a lower cab service price did not
only leaded to a higher level of consumption surplus which compensated the informed one for the referral
behavior but also descended the effort level form the informed one to make a successful referral, and the latter
consideration was dominating. So when the P was very low, the cabdriver was better off choosing the Price Cut-
Activated mechanism over the Rewards-Activated mechanism to appease the difficulty of referral.

Compared the cabdriver’s earnings of the three online cab service strategies, the conditions under which one dominated the
other were summarized in Proposition 1.

TABLE 2 COMPARISON

Conditions
iy | e |
passenger
B<Bo
Carpool Bo<B<P1 Py > FY
B=p1 Py > P’
Referral Bo <B<P1 Py <P
Rewards B=py Py <Py’

Proposition 1(Comparison of the RRP). (a)When information exchange insufficiency was low enough, p < B, the cabdriver
should pay more attention on the carpool strategy and the RRP than the special cab strategy on account of higher earning
on the former two; (b)When (a) held, the optimal strategy was determined by the two factors, which was the information
exchange inefficiency and the optimal price of less-informed passenger, showed in the Table 2.

Proposition 1(a) illustrated a key condition for earning more monetary of any strategy, which kept high information
exchange efficiency. As information technology advanced, the social interaction schemes became more attractive than
individual transaction schemes for cabdrivers to exploit these information exchange influences.

Proposition 1(b) illustrated conditions under which each social interaction mechanism dominated the other, which were
vividly described in Figure 1. The optimal social interaction mechanism was jointly determined by two dimensions, p and
Py -

First, when information exchange was really efficient, § <3, carpool strategy dominated all three RRP mechanisms. For
the explanation, the cabdriver saw a greater opportunity in using social interaction to expand the market and it was better
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off by accepting carpool strategy to ensure the market expansion at a certain cost. However, somebody said that self-
motivated RRP made social interaction without generating cost for the cabdriver, so it was better than carpool strategy. But
based on the assumption, this type of social interaction was a kind of probabilistic not necessary behavior for informed
passengers, so the cabdriver should avoid the unpredictable risks. In general, information exchange efficiency would
descend the cost disadvantage of carpool strategy and made it more attractive than the RRP.

Second, when information exchange efficiency was in the mid-range, B, <p <p;, the relative advantage of carpool
strategy over RRP depended on the value of less-informed passengers reachable through social interaction, P, . Carpool
strategy dominated when P, was large enough. For the reason, compared with RRP, carpool strategy was advantageous in
making a larger size of social interactions, but disadvantageous in exploiting passenger’s satisfaction and discriminating
against less-informed passengers. When less-informed passenger’s willingness to join the carpool group was high enough,
it made more earning to take the less-efficient scheme, carpool strategy, because the value of the less-informed passengers
would ascend the size advantage of carpool and made it more attractive. In contrast, when P, became lower, the efficiency
disadvantage of carpool strategy dominated its size advantage, and the cabdriver made more earning by adopting the more
efficient RRP.
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FIG.1 REFERRAL REWARD PROGRAMS VS. CARPOOL STRATEGY (a=0.6,1=20,6=5,4=0.9)

Third, as the value of B ascended, the relative attraction between the two social interaction mechanisms fluctuated. For the
carpool strategy, the relative attraction first descended and then ascended with B . For the explanation, RRP were
implemented by different mechanisms as p changed. When information exchange efficiency in the mid-range,
Bo <P <P, the cabdriver would like to free referral through self-motivated mechanism under the RRP but had to
compensate information dissemination through a price discount. As information exchange became less efficient, p
ascended in the interval of [ B, ], the compensation under carpool strategy ascended, and carpool became less attractive.
As the information exchange efficiency further descended, g >, , the attraction of carpool strategy ascended. For the
reason, the cabdriver was able to exploit passenger satisfaction and to distinct the informed satisfied passenger from the
less-informed passenger under the RRP, which leaded to a higher price (the price of special cab strategy) for less-informed
passenger. The high price for less-informed passengers ascended the cost of attaining a successful referral, and this
advantage became dominating when the information exchange efficiency was low enough, B> 8, .

4 CONCLUSIONS

The paper put forward a Referral Reward Program model via social interaction mechanism on the cab service market. Our
effort provided a few valuable perspectives and guidelines, which were hoped to be useful for realizing referral reward on
online cab service commercially in the related ISPs. In specification, First, we discussed the impact of two crucial factors,
information gap and information dissemination inefficiency, on the travel price and cabdrivers’ earning. Second, we made
a comparison under which conditions satisfied, referral reward program dominated other two online cab strategies which
were universal on the cab service market. The discussion made enlightenment for those 1SPs which designed cab-hailing
apps. First, we designed a RRP mechanism which customized a possible situation to advocate themselves and expand the
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market as a commercial mode for those ISPs’ reference. Second, when the ISPs designed the cab-hailing apps, they should
measure all parameters by market investigation and operational practice, made full exploitation of the first-hand original
data and the pricing methods to calculate the dominating strategy in the distinctive conditions, which was beneficial for
them to find out right market orientation and to elaborate right strategic decision in designing market strategies embodied
in pricing models of the cab-hailing apps.

APPENDIX

Proof of Lemma 1.

Based on Eq.9, we had Py =P,+aAlg . Substituting P, into the model of RRP, which became
max E[ng] = A+q)(Py +aAlg)—0gR , st. al+e+R—(a+B)Alg 20, 0<Alg <I and R>0. The solution showed
{hree situations:

= When 0SB=Bi-e/l , cabdriver selected the highest information exchange level Alg = and offered no

referral rewards R"=0. The optimal price was Pr =P +al and the cabdriver’s maximum expected earning was
E[nr] - (1+0)(Fy +al),

«  When P>F , cabdriver descend agent’s effort level, so he made price cut selectmg Al <1 and offered referral
rewards R >0 We discussed how the cabdriver’s earning fluctuated as the Al ascended from 0. When
Al < (ol +2)/(o+P) , the constralnt Eq.9 satisfied R =0. Thus, the cabdriver’s earning
Elne] :(1+Q)(P0+°‘A'R) ascended with e As AR surpassed (¢4 +¢)/ (+P) , the cabdriver had to offer

rewards R = (¢ TP)AlR ~€>0 for the constraint EqQ.9. Substituting R into the target function, we got
E[ng] _ (1+q)PO+qoc|+q£+(oc qB)AIR

Thus, we derived two other situations.

»  When P=Ba= a/q , the cabdriver’s earning would continue to ascgnd with AlR . Thus, the cabdrlver s 0pt1mal

decision was to select the highest information exchange level Alg = . So, we got PR—P0+°°' R =Pl-2
E[rg] = (1+0)(Py +al) —q(Bl —€)

= When P>B2 , the cabdriver’s earning would continue to descend with Alg \when Alr > (al+e)/(a+B) . Thus,

the cabdrlver should make 2'R<! | and we got Pr = Porodal+e)/(a+B) ~R* = 0  ang

E[nR] 1+9)[P, +ofal+&)/(a +[3)]

Proof of Proposition 1.
1) RRP vs. Special Cab strategy.
Elng] - E[ns] = qPy —max{—qal, min[q(B — o)l —qe, (Bl — qal —& —qe) /(a+B)]} -
So E[ng]>E[ns] if B<max[e/l+a,aq+e(1+a)/1]; E[ns]<E[rng] if
Py < P0 min{—-o)l —¢,a(Bl —aql —e—qge)/[q(a+B)]} .
2) Carpool strategy vs. Special Cab strategy.
E[rnc]- E[ns] =P, +a(a—P)l /(o +PB) . So E[ne]>E[ns] if B<o; E[ng]<E[ns] if Py <P)=(B—o)al/(a+P).

Considering (1)-(2), we summarized Proposition 1(a), if p<p = max[e/l+a,aq+&(1+q)/1], Special Cab strategy
couldn’t dominate the other two online cab service strategies.

3) Carpool strategy vs. RRP.
Elmc]- Elnr] = (1-)V + (- Got—B—aP) /(o) + max{0, min[q(Bl ), ou(1-+ G)(B1 —) /(o + )]
E[rnc]1> E[ng] in either of the three cases @ B <B,=a(1—q)/(1+q),or @ B, <p<p,=e/l,
Py > Py = al[(1+0)B—(1-q)a]/[(1-a)a+P)] , or @ B>p,, Py > Py’ =
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{od[(1+a)B—(1-q)a]/ (o +PB) —min[q(Bl —e), o1 +a)(BI &) /(o +P)]}/(1-0)

E[nc]<E[ng] in either of the two cases @ B, <B<P,, Py <Py or @ B>p,, Py <Py’ .
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