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Fullfist of author information lenders who fund the same loan, to enhance the P2P loan evaluation. More specifically,

is available at the end of the

article we extract lenders' profiles in terms of performance, risk, and experience by quantify-

ing their investment history and develop our loan evaluation indicator by aggregat-
ing the profiles of lenders in the composition. To measure the ability of a lender for
continuous improvement in P2P investment, we introduce lender maturity to capture
this evolvement and incorporate it into the aggregation process. Our empirical study
demonstrates that the maturity-based lender composition score can serve as an effec-
tive indicator for identifying loan quality and be included in other commonly used loan
evaluation models for accuracy improvement.

Keywords: P2P lending, Maturity assessment, Lender composition, Loan evaluation

Introduction

With the exciting developments in information technology, peer-to-peer (P2P) lending,
which has emerged as a new way of financing and investing, has undergone rapid growth
in recent years. Notably, P2P lending platforms are internet-based lending intermediar-
ies among individual users who may participate as borrowers or lenders. In this mar-
ketplace, borrowers submit applications for loans, referred to as listings, by providing
many details about the loan request, such as the purpose and the total amount of funds
needed. Lenders are then allowed to partially fund these loan requests by specifying
their respective investment amounts. If the requested total dollar amount of the listing
is fulfilled within a prespecified time, the transaction proceeds and the listing becomes
a loan. Tremendous efforts have been made in both practice and academic research to
better understand this economic phenomenon and trading system (Wang et al. 2015a;
Liu et al. 2020; Du et al. 2020).

In P2P lending, the lender decides on which loans to invest in by considering the
return and associated risk. Moreover, if the borrowers default on their payment
obligations, the lenders absorb a loss. Thus, it is crucial for lenders to evaluate each
loan by determining whether it may present a significant default risk (Ge et al. 2016;
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Wang et al. 2020). Consequently, loan evaluation models have attracted widespread
attention. As a core decision support tool, credit scoring is used extensively in
financial institutions to predict borrower repayment behavior and provide accurate
credit risk estimations (Shen et al. 2020). This type of model scores loans based on
their profit potential such that the lenders can identify good quality loans that have
higher scores. A core problem entails the prediction of a loan’s profitability, which
mainly involves a credit risk assessment. While most existing methods primarily
utilize credit information from the borrowers (see, e.g., Guo et al. 2016; Thomas
et al. 2005), information gleaned from lenders has been found to be highly effec-
tive for identifying profitable loans in P2P lending (Luo et al. 2011; Guo et al. 2021).
Indeed, loans in P2P lending systems are typically funded collectively by many lend-
ers. Diversification is made possible by allowing individual lenders to spread their
money across many different loans. Lenders make different investment decisions
based upon differences in experience, knowledge, sources of information, judgment,
personal preferences, and so on. In other words, the lender composition of a loan—
the group of lenders who invest in this loan—can reveal useful information that indi-
cates successful loan evaluation.

In the present study, we propose a maturity-based lender composition score to
exploit the potential of lender information for loan evaluation in P2P lending. First,
we perform a quantitative analysis of the expertise of lenders and build lender pro-
files, including various segments of lenders with different characteristics. In this
process, we model the investment relationship between loans and lenders in a
straightforward way. The past performance, risk preference, and experience of each
lender are summarized. Second, by leveraging the statistical theory of observed confi-
dence intervals, we quantify the lender maturity for measuring the ability of a lender
for continuous improvement in P2P investment. This mechanism ensures that, with
the same average performance, higher maturity lies in lenders who have made more
investments over time as opposed to newer lenders with less lending experience.
Finally, the expertise of the lenders who invest in a loan is aggregated to formulate
the maturity-based lender composition score. We demonstrate the effectiveness of
the maturity-based lender composition score through extensive experimentation on a
real-world P2P lending dataset. The results show that our maturity-based lender com-
position score could serve as an effective indicator for identifying loan quality and
be incorporated into other commonly used loan evaluation models for performance
improvement, including logistic regression (LR), support vector machine (SVM), and
random forests (RFs).

The rest of this paper is organized as follows: in the next section, we present a lit-
erature review. Thereafter, we describe the dataset to provide a general background of
how P2P lending works and the research context. This dataset is utilized to demon-
strate our research methodology. The “Methodology” section provides details about
how we construct the maturity-based lender composition score for loan evaluation
in P2P lending. The “Experimental design” section outlines the structure, strategy,
and rationale of our experiments. In the “Results” section, we report the experimental
results for validating the effectiveness of the proposed maturity-based lender compo-
sition score. Finally, concluding remarks are given in the last section.
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Literature review

P2P systems attract much attention for sharing information and facilitating collabora-
tion among the participating members (Chen et al. 2014; Kantere et al. 2009; Dewan and
Dasgupta 2010). As a novel economic model, P2P lending has been introduced as a new
e-commerce phenomenon in recent years (Hulme and Wright 2006). To benefit new
players in this market, several studies have investigated factors that improve the chances
of converting a listing to a funded loan and have provided decision support for borrow-
ers in composing their requests (Wang et al. 2015b; Herzenstein et al. 2011b; Puro et al.
2011).

Credit risks are uncertainties associated with financing, and risk analysis can help
lenders to detect risks in advance, take appropriate actions to minimize the defaults,
and support decision-making (Kou et al. 2014). Similar to other financing marketplaces,
lenders in P2P lending need to evaluate each loan’s default risk. Traditional scorecard
modeling is still applicable as the information about the loans and borrowers in P2P
lending has the same structure as traditional loans. Tao et al. (2017) reveal that the credit
profile of borrowers could significantly affect their loan requests’ fulfillment likelihood
and also predict the default probability. Compared with traditional lending, P2P lend-
ing has some novel features that can be explored; these include language features of
request (Herzenstein et al. 2011b), social signals (Greiner et al. 2009; Freedman and Jin
2008; Lin et al. 2013), and even photos of the borrower (Ravina 2012; Pope and Syd-
nor 2011). This implies that feature selection (Kou et al. 2021) and feature construction
have significant potential in this field. Novel methods, such as semi-supervised SVM (Li
et al. 2017), profit scoring system (Serrano-Cinca and Gutiérrez-Nieto 2016), instance-
based kernel regression (Guo et al. 2016, 2021), misclassification cost matrix credit grad-
ing (Wang et al. 2021), and cost-sensitive boosted tree model (Xia et al. 2017), are also
being developed to assist lenders’” investment decision-making.

While most of these methods utilize information from the borrowers, the information
from lenders has been under-explored. Identifying and following successful lenders may
be an effective investment strategy that enables tapping into the wisdom of the crowd
(James 2004), wherein aggregating information from a group is often ultimately better
than information from individuals of the group. For example, in stock investment, Hill
and Ready-Campbell (2011) find that investment picks from experts in the crowd should
be weighted more than novices in the crowd. The same strategy has also emerged in var-
ious social trading scenarios, both among traditional mutual fund managers (Jiang and
Verardo 2018) and newer platforms that deploy copy trading (Doering et al. 2015). We
are interested if similar trends or predictions could be found in the P2P lending market
to provide a possible solution based on such evidence. This idea motivates our study.

Lenders following others in a decision-making system may result in herding, which
is defined as a greater likelihood of participation in auctions with more existing bids.
Herzenstein et al. (2011a) study the herding behavior in P2P loan auctions and report
a positive relationship between partial funding and additional bids. Even though herd-
ing behaviors manifest irrationality (i.e., investment decision-making based on informa-
tion irrelevant to the quality of the loan), it has been established that herding effects are
associated with better loan performances. This phenomenon is also reported and visual-
ized by Ceyhan et al. (2011), who utilize the loan fulfillment information for outcome



Guo et al. Financ Innov (2021) 7:49 Page 4 of 24

prediction of the loan. They find that owing to the herding effect, listings with partial
funds are more likely to become loans, and loans based on herding behaviors in the
past are more likely to be repaid. Zhang and Liu (2012) separates herding behaviors into
irrational and rational herding by investigating whether the herding effect is moderated
by observable listing attributes. It has been noted that such a distinction is critical as
rational herding could be beneficial. The above-mentioned works indicate that following
other people in P2P lending might be a viable strategy in selecting loan opportunities.

By viewing a loan as a portfolio of lenders, our study is related to works in composition
analysis. Composition analysis, or structure analysis, has been widely used in finance
and economics. For example, the portfolio composition (Markowitz 1991; Kolm et al.
2014) evaluates a portfolio of assets, each having different risks and returns, to reduce
overall risk to achieve a given level of return. Similarly, capital structure has been consid-
ered an important indicator of a firm’s financial position (Modigliani and Miller 1958).
Furthermore, firms’ board composition has been considered to be an important factor
that affects firms’ overall performance (Linck et al. 2008).

Finally, our study is relevant to works in crowdfunding research. Crowdfunding plat-
forms, such as Kickstarter and Indiegogo, follow a crowd-based funding model (Rakesh
et al. 2015; Hong et al. 2018). Researchers usually analyze the inherent factors and pre-
dict the participants’ behaviors (Chen et al. 2016; Fan-Osuala et al. 2018; Zhao et al.
2019). Despite the focus on startup projects rather than personal lending, the general
idea of lender composition analysis may help develop newer venture ideas or discover
interesting ideas in which to invest.

Data and background

Our study is based on a dataset from Prosper, one of the world’s largest P2P lending
marketplaces. It has more than two million members and has funded over two billion
USD in loans. Fig. 1 provides a screenshot of a typical listing viewed by a prospective
lender. As we can see from this figure, there are four sections of information: the listing
summary, the borrower’s credit profile, the borrower’s activity history on Prosper, and
the description of the loan.

Our dataset includes several relational data tables. The Members data table contains
the users’ basic registration information. The Credit Profile table contains the bor-
rowers’ personal credit information. The Listings table contains information about
the loan requests. The Loans table contains all information about the loans, such as
loan terms, amount, interest rate, and payment status (e.g., paid, late, or default). This
table is the most important to evaluate the performance of a loan. The Bids table con-
tains the bidding time and the dollar amount contributed by each lender on each loan.
Given this information, we can learn about each lender’s number of investments and
the amount invested on each loan. Based on the data, we can also know whether each
loan has been fulfilled. This information provides the basis to build an entire investment
network.

We collected a total of 17,407 loans from Prosper that originated between June
2007 and December 2008 and involved 34,155 lenders. All these loans followed a term
of 36 months; thus, the payment data of these loans started in June 2007 and ended in
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Listing #813874

Consolidating my debt

Listing Summary W Help

(Effective yield™. 7.28%
Estimated loss™ 2.50%
Estimated return”. 4.68%

3 7.29% A
Years Lender yield Rating $
Debt consolidation 37% Funded $5,450 left
[ P—

Borrower borrower 1
Location’ lilinois

Borrower Rate: 8.29%
Monthly Payment $251.76
Lender Senvicing Fee: 1.00%

Expies Sunday, 08/14/2011
Note: this listing will fund at 70% or higher.

Your cash balance: $0.00
Transfer money

8 Wwatch & Email ¥ Reportlisting  J{ Hide

Prospectus
Borrower's Credit Profile M Help
Prosper rating A Inquinies last 6m 0 DebtIncome ratio: 9%
Prosper Score (1-10) 8 First credit line Mar.2000 Employment status: Employed
Credat score 700.719 (Jun2011) Current / open credit lines: 9/7 Length of status 1y 7m
Now delinquent 0 Total cred lines 19 Stated income: $50,000.$79,999
Amount delinquent: 30 Revolving credit balance $9,948 QOccupation Professional
Public records last 12m /10y: 0/0 Bankcard utilization 8%
Delinguencies in last 7y 0 Home gwnership Yes

Prosper Activity

Loan history Payment history Credit score history c
Acteve / total loans 0/1 On-time: 35 (100%)
Principal borrowed $3,500.00 <31 days late 0 ©0%) 700-719 (Latest) Improvement
by more than
Principal balance: $0.00 31+ days late: 0 0%) 520-539 (Now-2008) @ 58 points
since last
Total payments billed 35 foan

Purpose of loan:
This loan will be used to

My financial situation:
| am a good candidate for this loan because

Fig. 1 A sample listing at Prosper

December 2011. Our sample only consists of loans that are closed at the time of data
collection. In other words, either the loans were paid in full or the borrower defaulted.

The loan-level attributes are a combination of loan, borrower, and lender charac-
teristics. The loan attributes include loan purpose, request amount, interest rate, and
origination date. Borrower attributes can be divided into two groups: credit risk and
individual information. Credit risk features include the borrower’s FICO credit score,
the number of credit inquiries made upon the borrower’s credit score in the last 6
months, and the number of delinquencies the borrower has amassed over the last 7
years. The borrowers’ characteristics include whether they are a homeowner, the state
in which they reside, employment status, income range, and the debt-to-income ratio.
Lender information includes identifiers of lenders that funded the loan and their

Page 5 of 24
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specific participation amount. Additionally, certain unstructured data, in the form of
pictures or text, are available.

Methodology

In this section, we describe the maturity-based lender composition score for loan evalu-
ation in P2P lending. We first construct lender profiles by outlining three basic metrics
to summarize their historical investment records. Next, we introduce the lender matu-
rity and discuss its methodological foundations. Finally, we provide details of the matu-

rity-based lender composition score.

Lender profile

Bipartite networks are widely used to model the relationship between two types of enti-
ties (Holme et al. 2003). In P2P lending, we consider the following two types of entities:
lenders, those who provide capital to selective loans; and loans, which are the listings
that are funded or to be funded. In the following, we describe the construction of the
bipartite investment network with basic notations. Suppose there is a set of m lend-
ers U = {uy,uy, us, ..., u,} and a set of n loans V = {vq,v9,v3,...,v,}. We can build a
bipartite investment network G = {U, V, E}, where U and V are the two types of entities
mentioned above, and E = (e;j)uxx are the edges connecting them. Each edge, e;;, repre-
sents the amount lender u; has lent to loan v;. Note that e;; = 0 if lender u; has never lent
to loan v;.

As shown in Fig. 2, in P2P lending, we can construct a whole bipartite investment net-
work, based on lender investment data and loan performance data, which provides the
basis to quantitatively analyze lender profiles and lender composition.

Based on the lending amount matrix E, we further define the loan weight matrix
Q = (wij)mxn where w; is the ratio of lender u;’s investment on loan v; to the total
amount of all of #;’s investments in the investment network G, calculated as:

ei/‘

Z/}‘q:l eij' (1)

a)i]' =

Similarly, we define the lender weight matrix ® = (6;j);x» where 6;; is the ratio of lender
u;’s investment in loan v; to the total amount that loan v; receives from all lenders in the

investment network G, calculated as:

Lenders

ym————

Fig. 2 Bipartite investment network (The top side represents the lenders, the bottom side represents the
loans, and the middle line represents the investment relationship between the lenders and loans.)
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eij

;= —0
TN ey @

A mini example of the P2P lending investment network is provided in Fig. 3. In this
example, it is evident that there are four lender nodes (1, u#, us, and u4), shown in ovals;
and five loan nodes (v1, vo, v3, v4, and v5), shown in rectangles. The links between lender and
loan nodes represent investment relations, with investment amounts labeled on the edges.

Considering that lenders’ investment ability is not time-invariant (i.e., the expertise
of lenders is constantly updated over time, especially by learning from their experiences
with several investments made), recent investments may be more representative of their
ability than those made a long while ago. To better quantify the lender’s current expertise,
higher weights should be given to the lender’s more recent investments. Thus, we intro-
duce a time-decaying weight to formulate the importance of the lender’s past investments.
Consistent with Newton’s Law of Cooling (Davidzon 2012), we assume that the time decay
rate of the importance is proportional to its value. Hence, we employ the exponential decay
function, which is mostly used to formulate the decay effect (Baucells and Bellezza 2017), to
evaluate the importance of all the lender’s historical investment record. Specifically, when
using lender u;’s historical investment on loan v to estimate a new target investment v;, the
time-decaying weight would be:

tje = Noe 10, 3)

where Nj is the initial decay value and the parameter § controls the decay rate; f; and ¢
represent the origination dates of loans v; and v}, respectively; and the part £ — ¢ is the
time difference between v;’s and v;’s origination dates.

150
W, =———— =023 .913:L=02
150 + 250+ 100 100 + 50 + 350
. 250 - o - 50 o4
%150 +250+100 2 100+50+350
Y 100 _oo 0. — 0 ~0
B 150+230+100 a 7100+ 50 + 350

350
w. :—:0 = =
%150 +250+100 37100450+ 350

Fig. 3 Anillustration of loan weight and lender weight (Four lenders and five loans are involved,
wij,j = 1,2,3,4is the loan weight of lender uy, and 63,7 = 1,2, 3,4 is the lender weight of loan v3)
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To analyze the lender composition of loans, we should first characterize the lenders.
We describe basic quantitative variables, extracted from their past investment histories,
to represent lenders’ proficiency in making successful investments. Specifically, we con-
sider performance, risk, and experience, and describe the computational equations for
synthesizing each of these metrics into an operationalized numerical measure.

The first variable for lenders’ profiles is the overall investment performance or return.
This variable represents how successful the lender has been in the past. As a lender in
the P2P lending marketplace typically has made multiple investments before, each of
which may have a different rates of return, the past investment return of lender u; can
be calculated as a weighted average of investment returns from all previous investments,

written as:

_ " lj.wjj
" ; Y1 by &4 @
where ¢;. is the time decay between the origination date of loan v; and today, wj; is the
weight in Eq. 1, and R; represents the rate of return of loan j. Note that as loans could
default with partial or no payment, the rate of return R; could be negative.

Standard deviation is commonly used to quantify risk (Markowitz 1991). For each
lender u;, we define investment risk preference, s;, as the weighted standard deviation of

investment rates of return, written as:

lj.wjj

—\2
m(@ — 7)) (5)

j=1

which can be naturally interpreted as the variation or stability of performance in past
investments.

It is reasonable to believe that the more the past investments, the more the experi-
ence a lender has acquired in the P2P lending marketplace. For each lender u;, we define
investment experience as the number of previous investments. In P2P lending, given
an investment network, the degree of a node u;, denoted as E;, is the number of edges
that have one end attached to the node. We can compute investment experience k; using
Eq.6:

k; = #{ejle; > 0,Vj} (6)

where # represents the cardinality of a set.

Summarily, in this section, we quantitatively analyze past performance, risk prefer-
ence, and experience. The analysis of lender profiles provides the basis on which we can
analyze the loan’s lender composition.

Lender maturity

Maturity is a measurement of the ability of an organization or individual for continu-
ous improvement in a particular discipline (Vicente 2017). The higher the maturity, the
better the chances that decisions made by the organization/individual would lead to
improvements either in the quality or use of the resources (Becker et al. 2009). Most
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maturity models qualitatively assess people/culture, processes/structures, and objects/
technology (Mettler 2011). In project quality management, maturity is used by a busi-
ness or organization as a benchmark of how mature their processes are, and how well
they are embedded in their culture, with respect to service or product quality man-
agement (Crosby 1979; Caballero et al. 2008). In personal career planning, maturity is
utilized to reflect individuals’ readiness to make well-informed, age-appropriate career
decisions and to shape their career carefully in the face of existing societal opportunities
and constraints (Naidoo 1998; Savickas 2011). In knowledge management, maturity is
employed to assess the capability of an organization with respect to the management of
its knowledge resources (Kulkarni and Louis 2003; Grundstein 2008).

In the previous subsection, to assess the expertise of lenders, the lender’s profile is
built based upon that lender’s past investment history. Intuitively, lenders with more his-
torical investments have a higher degree of maturity than inexperienced lenders, which
consequently leads to increased accuracy when estimating lenders’ profiles. For exam-
ple, we can better predict the performance of a lender with 30 previous investments
than that of a lender with only three past investments. Based on this logic, we introduce
maturity into profiling lender’s expertise, in which the maturity is used to capture the
dynamic changes of the accuracy of the lender’s investment ability indicators with the
accumulation of investment records.

The maturity of lenders with different investment experiences varies significantly.
Moreover, lenders can accumulate knowledge through continuous investment, thereby
changing from low to high maturity and tending to stability. Hence, to improve accuracy,
it is necessary to identify the maturity level of lenders and the way maturity evolves. It is
illogical to believe that lenders are mature only if they have had at least a minimum num-
ber of past investments. However, lender experience, or the number of past investments,
may be an over-simplified measure for building lender profiles because the number of
past investments may not necessarily have a linear relationship with the actual maturity
of a lender. Moreover, it is difficult to choose a good cut-off point for a minimum num-
ber of past investments without considering the distribution of data.

Herein, we propose a way to quantitatively measure lender maturity, which consid-
ers their past performance and risk preference, and thus facilitates a comparison among
lenders with different numbers of past investments. Specifically, we consider the ade-
quacy of experience (i.e., the number of past investments) as a sample size problem and
quantitatively measure lender maturity by estimating the probability of their perfor-
mance falling into a fixed-width confidence interval.

Suppose that the performance of lenders u; is a random variable Y; that follows a nor-
mal distribution with mean p; and standard deviation o;. The performance of the lender
investing in a loan is a sample from that normal distribution. More specifically, each past
investment made (as indexed by /) is an independent and identically distributed observa-
tion from that distribution. Thus, we have

y (
Yi~N(ui00),) = L2, ..., ki 7)

where k; is the total number of past investments, as seen in Eq. 6.
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With k; observed investments, the average performance of the lender, ¥;, would also
follow a normal distribution, with a smaller standard deviation:

_ Oiz
7~ N(Mi, k) ®

Graphically, we would expect the probability density curve of ¥; to have a thinner and
taller peak, if either o; is smaller or k; is larger, as illustrated in Fig. 4.

In statistics, confidence intervals are widely used to provide a range of probable val-
ues for a given confidence level. With a larger sample size, the variance of the sample
mean is reduced, resulting in a narrower confidence interval under the same confi-
dence level because the density curve narrows toward the center. The concept of
maturity utilizes the confidence interval mechanism reversely, which we refer to as
“interval confidence” In other words, instead of fixing the confidence level, we fix the
margin of error and determine the corresponding confidence value.

As mentioned earlier, lender u;’s average performance has a normal distribution,
whose mean and standard deviation can be estimated using historical data. Using
sample mean Y, = kl,vZki Yjj to estimate u;, and sample standard deviation s; to esti-
mate o;, the lender’s average performance will follow fx,_;, a T distribution with
(ki — 1) degrees of freedom, which helps us to establish confidence intervals.

Assuming the same margin of error for all lenders, we evaluate the maturity of a
lender using the concept of an observed confidence level (Polansky 2007). Specifi-
cally, we set the margin of error, b, as a global parameter for all lenders. The maturity
of a lender u; is then defined as the probability of capturing his or her true level of
performance, given by mean u;, within the interval [Y; — b, Y; + b]. This way, despite
their different performances, risks, and number of investments, we could synthesize a
numerical value that enables comparison among different lenders.

For lender u;, the margin of error can be written as:

4 T T T T T T T T T
3.5 b
3 - -
25
> 0=0.35, n=10
g ok — — - 0=0.40,n=10 | |
[ 0=0.35, n=5
o T A N s 0=0.40, n=5
15
1 - -
05r- B
0 | . ot ; |
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
Average Performence
Fig. 4 Distributions of sample mean with different o and n
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Table 1 Examples of lender maturity calculation

Lender (/) Return (y)) Risk (s)) Experience (k) Maturity (f)
1 020 0.15 60 0.987
2 0.15 0.20 55 0931
3 0.10 0.25 50 0.836
4 0.05 030 45 0.730
Si
b=ty _1() - —=. 9)
Vi

Our goal is to solve «;, the percentile that corresponds to a critical value bs—{z ina T dis-
tribution with (k; — 1) degrees of freedom. Formally, we define
bvki ) )

12

(10)

as lender u;’s maturity, where Ft(ki—l) (x) represents the cumulative density function of
tk,—1) distribution. This measure, as a probability value, ranged between 0 and 1, pro-
vides a suitable maturity measure.

Figure 5 shows the relationship between the maturity score and the actual num-
ber of past investments for different levels of lender risks. As we can see, the matu-
rity score increases monotonically with the increase in experience, and the increase
levels of when the experience is sufficiently large. Furthermore, the speed of the
increase in maturity depends on the level of risk. When the risk is higher, the matu-
rity increases slowly.

Based on the examples shown in Fig. 3, we can come up with simple profiles
(including lender maturity calculation) of lenders as shown in Table 1. We can learn

Page 11 of 24
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from Table 1 that lower risk and higher experience can be translated into higher
maturity of lenders.

Lender composition for loan evaluation

In this subsection, we study the quantitative evaluation of loans based upon their lender
composition, considering lender maturity to improve the superiority of the loan evaluation
model.

In a typical case in a bipartite network, a lender can invest across many different loans,
and a loan can be funded by several different lenders, i.e., lender composition. As lenders
may have individually contributed different amounts to the total loan, each lender is not
equally important. Furthermore, realizing that more weight should be given to the lenders
with higher maturity, we adjust the lender weights by considering their maturity. Specifi-
cally, we define a maturity-adjusted lender weight, 5,7, as:

5 0::f
03 i

= Z;il QiIfi, (11)

where 6 is the unadjusted version in Eq. 2.

For each loan v;, the lender performance composition, ADJ.CR;, is defined as the
weighted average of its lenders’ performance. We use the maturity-adjusted lender weights
from Eq. 11. Specifically,

m
ADJ.CR; =Y Oy (12)
i=1

Similarly, we use the maturity-adjusted lender weights to compute the adjusted lender
risk composition, ADJ.CP;, as follows:

m
ADJ.CP; =) fysi. (13)
i=1

Note that even though the weights are being adjusted, the correlation between lenders is
ignored when combining risk (i.e., standard deviation). Assuming independence among
lenders is logical as they make their own decisions.

Finally, the composition score, ADJ.CS}, is defined as the ratio of return to risk:

ADJ.CR

ADJ.CS; = e

(14)
where ADJ.CR; is given in Eq. 12 and ADJ.CP; is given in Eq. 13.

The maturity-based lender composition score, ADJ.CS}, is a synthesized index that con-
siders both return and risk, and it can be directly applied to the loan evaluation task for
indicating the investment value of loans. Each loan can be scored in this way, and all the
loans in this marketplace can be ranked according to their maturity-based lender composi-
tion score. Evidently, loans with a higher score, ADJ.CS;, which implies higher performance
composition (ADJ.CR;) or lower risk composition (AD/.CP)), translate to better investment
values.
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Table 2 Description and statistics of variables

Variables Mean SD Description

X 5525 5258 The monetary amount of the loan

X5 0.2022 0.0903 The Borrower's interest rate for this loan

X3 672.90 755151 FICO credit score of the borrower

Xa 2.0259 2.8737 Inquires number of borrower in the last 6 months
Xs 4.0224 9.9051 Number of borrower’s delinquencies in the past 7 years
X 0.2350 0.2550 The debt to income ratio of the borrower

X7 0.6798 2.1153 Current delinquent of borrower’s accounts

Xs 3.7121 1.2032 The income range of the borrower

Xg 14317 20168 Loan score calculated by PageRank mechanism
X0 —03139 0.1254 Loan score without considering lender maturity
X11 —0.2805 0.1507 Loan score proposed by this paper

Y 0.2985 04577 The current status of the loan: 0-Paid; 1-Default

Experimental design

To find empirical evidence to support the value of the maturity-based lender composi-
tion score for loan evaluation in P2P lending, we perform extensive experimental stud-
ies using a real-world dataset as described in the third section. This section describes
the overall design for the experiments and outlines the choices made at each step of the

evaluation process.

Moving window strategy

The proposed loan evaluation indicator mainly includes two phases: building lenders’
profiles and calculating lender composition scores of P2P loans. Accordingly, we divide
the loan data into training and testing sets. The training set is utilized to build lender
profiles, while the testing set is utilized to calculate the lender composition score. Loans
in the profile building phase (i.e., the training set) must precede those in the composi-
tion score calculation phase (i.e., the testing set). Therefore, we apply the moving win-
dow strategy to divide the training and testing sets. More specifically, at the beginning
of the experiment, each loan observation is assigned a unique identifier according to its
creation time. Thereafter, the first n loans are used as the training data, and the next
(i.e., the (m + 1)-th) loan is the test loan. In the subsequent step, the training window
moves forward: the previous test case becomes part of the training data and a new test
loan is selected. This process continues in this sequential fashion until the full data set is
exhausted.

Benchmark variables
To verify that the maturity-based lender composition score is an effective indicator to
identify investment values of loans, we select a range of variables and compare their
importance in forecasting the probability of default and return rate. A description of
these variables is shown in Table 2.

As illustrated in Table 2, X7, Xo, ..., X11 are independent variables, while Y is the
dependent variable. The loan status Y assumes two possible values that represent a loan’s
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Table 3 Variables combinations (The variables in borrower credit are extracted from borrower
information, while PageRank, LS, and ADJCS are extracted from lender information.)

Combination Class Variables

A Borrower Credit X1,X2, X3, X4, X5, X6, X7, X8

B Borrower Credit 4+ PageRank X1,X2,X3, X4, X5, X6, X7, Xg, Xg

C Borrower Credit + LS X1,X2,X3, X4, X5, X6, X7, X8, X10
D Borrower Credit + ADJCS X1, X2, X3, X4, X5, X6, X7, X8, X11

The statistic is considered significant when its P-value is less than 0.05

outcome: paid or defaulted. Among the independent variables, attributes X1, X», ..., X3
are extracted from borrower information. These variables are commonly used in tradi-
tional loan evaluation practices. Therefore, all our predictive models include these vari-
ables. In particular, our first benchmark includes only these variables (see Combination
A in Table 3).

The last three independent variables, Xg, X109, and Xi1, are derived from the lenders’
information; Xi; is the maturity-based composition score proposed herein, whereas Xg
and Xjo are two benchmark indicators with which we compare Xj;. Specifically, Xy is
the score derived from the PageRank algorithm (Brin and Page 1998). As our proposed
lender composition score eventually provides a ranked list of loans, PageRank, a state-
of-the-art ranking method, is selected to provide a strong benchmark. When applying
the PageRank algorithm for loan evaluation, we construct a one-mode loan network,
wherein the connections between loans are determined by lenders. Finally, the loan
score without considering lender maturity serves as another benchmark.

Predictive models
This study aims to investigate whether the predictive model that incorporates a lender
composition feature could lead to more accurate and profitable P2P investments than
those models that solely consider borrower credit information. Thus, we set four dif-
ferent combinations of independent variables as the input of the predictive model, as
shown in Table 3.

In Table 3, feature combination A only contains the borrower’s credit information,
which is our base model following traditional practice. Combination B adds the vari-
able, X9, loan value calculated by the PageRank mechanism, which exploits lenders’
information. Combination C adds the variable, Xj¢, the loan score without consider-
ing lender maturity. Combination D uses the proposed loan score, Xi1, which intro-
duces lender maturity into the lender composition.

To robustly evaluate the predictive power of lender composition, we use different
predictor combinations as model inputs, but additionally use three vastly different
predictive models for comparison, defined as:

1. Logistic regression (LR). An individual model that specifies a linear relationship
between the response variable and predictors.

2. Support vector machine (SVM). An individual model that specifies a nonlinear rela-
tionship between the response variable and predictors.
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3. Random forests (RFs). An ensemble model that specifies a nonlinear relationship

between the response variable and predictors.

The R software (Version 4.0.0) is used for all experiments. The following packages are
used to run the experiments: LR is implemented by the base function named gim,
SVM using the el071 package, and RFs using the randomForest package. All the
hyper-parameters involved in these algorithms are tuned via the grid search strategy.
The radial basis function is adopted as the kernel function in the SVM.

Results

In this section, we first show statistical distributions from the Prosper data. There-
after, we compare our lender composition indicator with other available variables to
study its effectiveness for indicating the potential investment value of a loan. Finally,
we demonstrate the model performance to investigate the predictive power of our

proposed lender composition score.

Distributions and associations

In this subsection, we show the distributions of the proposed statistics, which are per-
tinent to lender profiles and lender compositions. We also review the risk and return
association in our data.

The distribution of lender profiles is shown in Fig. 6. From Fig. 6a, we notice that
the distribution of lender experience is extremely skewed. This is well-aligned with
our expectation that the number of lenders drops quickly when we require a higher
threshold of minimum investments. We choose a cut-off point of 5 as the minimum
number of lender experiences required to be included in the training data. The distri-
bution of their maturity is shown in Fig. 6b, and it is unimodal and skews moderately
to the right. This indicates that a large group of the lenders possesses lower maturity.

In Fig. 7, we show the distributions of performance composition (CR), risk compo-
sition (CP), and the composition score (CS), both with maturity adjustments (gray
bars and blue density curve) and without maturity adjustments (red density curve).
We could see that despite much similarity and overlap of the density curves, there is a
slight shift when adding maturity adjustment. The probability density curves without

Y
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Fig. 6 Distribution of lenders'experience and maturity
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a maturity adjustment have a thinner and taller peak, which implies that the proposed
lender maturity provides a better distinction among loans.

Finally, we consider the association between risk and return in different scenarios.
Figure 8a shows the scatter plot of lenders’ risk versus lenders’ performance, while
Fig. 8b shows the scatter plot of each loans’ composite risk versus composite return.

In both cases, the data points lay on a curve.

Lender composition as an indicator

In this subsection, we study the possibility of the proposed maturity-based lender
composition score as an indicator for predicting loan outcome (i.e., paid or defaulted).
When used individually, we find that the maturity-based lender composition score,
compared with a range of other baseline variables, performs as a more powerful pre-
dictor for indicating the loan’s investment value. For this design, we also group loans
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Table 4 Significance test between groups

Model Group Mean SD T-Statistic Pvalue
Without Paid —0.2925 0.0968 20.114 < 0.001
Maturity Default —0.3670 01114
With Paid —0.2499 0.1184 22262 < 0.001
Maturity Default —0.3553 0.1444

The statistic is considered significant when its P-value is less than 0.05

Table 5 Correlations between variables and loan default status

Variable Correlation Adjusted R2 Pvalue
Xi 0.0279 0.0005 0.0772
X> 0.2608 0.0678 < 0.001
X3 —0.1766 0.0310 < 0.001
Xa 0.1797 0.0320 < 0.001
Xs 0.0517 0.0024 < 0.0011
Xs 0.0837 0.0068 < 0.001
X7 0.0950 0.0088 < 0.001
Xg —0.0195 0.0001 0.2202
Xg —0.1613 0.0258 < 0.001
X10 —0.3425 01171 < 0.001
X —0.3977 0.1580 < 0.001

The statistic is considered significant when its P-value is less than 0.05

based on their default status and compare the lender composition score of loans
within each group.

First, we compare the lender composition scores between the paid loans versus the
defaulted loans, as shown in Table 4. In both with and without maturity cases, the dif-
ference between the paid and the defaulted loan groups is highly significant, but the
T-statistic for the composition scores with maturity is higher than without it.

The above-mentioned results in Table 4 show that there is a significant difference in
the lender composition score between the defaulted and the paid loans, and the lender
maturity intensifies this distinction. However, we want to further explore how lender
composition score, when considering lender maturity, compared with other available
variables when used as a predictor for loan outcome. There are two ways of verifying
the effectiveness of the composition score for predicting the response variable. First, we
apply a single explanatory variable at a time to predict the loan default status, and the
results are listed in Table 5. We see that the maturity-based lender composition score
yields better results than any other variable.

Second, we rank loans by using one of the indicators: LR, LS, ADJCS or PageRank,
where LR is the predicted default probability obtained by applying logical regression
to the borrower variables of X;—Xg only, which has been the most widely used in the
literature; PageRank is the score by applying the PageRank algorithm; LS is the loan
score without considering the lender maturity; and ADJCS is the maturity-based lender
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Table 6 Mean square errors of different predictive models

Variables combination LR SVM RFs

A 0.1912 0.1882 0.1992
B 0.1910 0.1842 0.1949
C 0.1826 0.1724 0.1863
D 0.1743 0.1591 0.1765

composition score proposed herein. We compare the rate of return by selecting top
loans ranked by each of these indicators, and the results are shown in Fig. 9.

In Fig. 9, the x-axis represents the percentage of top loans in which to invest (i.e., top
rates), and the y-axis is the corresponding rate of return if we invest in such a set of
loans with equal weights. We find that with different top rate thresholds, loans chosen
according to ADJCS consistently show higher rates of return than the others. Overall,
the maturity-based lender composition score computed in the present study is a better
indicator of loan quality than other indicators.

Predictive power of lender composition

In this subsection, we investigate the predictive power of the maturity-based lender
composition score. We train predictive models by combining different variables to pre-
dict loans’ default probability, which is an important research area in the P2P loan evalu-
ation literature (Serrano-Cinca and Gutiérrez-Nieto 2016; Tao et al. 2017; Dendramis
et al. 2020). Based on the predicted default probability, the classification performance
and the outcomes of different models are compared. The prediction algorithms and vari-
ables we consider are described in detail in the last section.

First, we compare the mean square error between different predictive models. As
shown in Table 6, regardless of the machine learning algorithm used, the mean square
error is the smallest when the input is the variable combination D. Conversely, the com-
bination A produces a larger error. This suggests that our maturity-based lender compo-

sition score can significantly reduce the prediction error of the model.
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Table 7 Precision comparison of different predictive models

Observations Variables combination LR SVM RFs
ALL A 0.7308 0.7085 0.7299
B 0.7326 0.7091 0.7376
C 0.7428 0.7174 0.7587
D 0.7539 0.7807 0.7747
TOP 50% A 0.8037 0.8685 0.7953
B 0.8032 0.8819 0.8008
C 0.8321 0.8964 08157
D 0.856 0.9098 0.8453
TOP 30% A 0.8596 0.8787 0.8418
B 0.8621 0.8895 0.8479
C 0.8779 09153 0.8671
D 0.9086 09377 0.8954
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Second, considering the impact of data distribution on the classification results, we
draw the receiver operating characteristic curve (ROC) and compute the area under the
curve (AUC) based on the prediction results of each model; the results are shown in
Fig. 10. In Fig. 10a, the LR algorithm is employed, and we can see that when the input is
variable combination D, the AUC of this predictive model is 0.757, which outperforms
the other three combinations. When the learning algorithm is changed to SVM or RFs,
as shown in Fig. 10b and c, similar comparison results can still be observed. In other
words, when the evaluation measure is the AUC, the proposed indicator still duly works.

Third, in P2P lending, lenders generally pay more attention to loans with lower default
probability because such loans usually imply higher profitability. From this perspective,
in Table 7, we illustrate the classification precision, which measures the percentage of
the predicted non-default loans that are successfully classified by the model, for each of
our constructed model. When considering all the observations in our test set, we see in
the first row of Table 7 that irrespective of the applied algorithm, the models that include
lender information as an independent variable (Combination B, C, and D) have better
performances than the baseline that does not consider lender information (Combina-
tion A). Further, Combination D, which incorporates the maturity-based lender compo-
sition score, presents even better results than Combination B and Combination C, as it
has higher precision. These results show that our indicator could make overall improve-
ments on the loan default prediction process.

While the aforementioned improvement of classification precision is determined by all
loans, the return rate of investment depends more on the best quality part of all loans.
This is because the lenders, in general, select these best quality loans as their investee
rather than all candidates. We suggest that the lower default probability predicted by the
model also indicates the higher return rate. Thus, we additionally present the detailed
improvement of default prediction by considering the distribution of predicted prob-
ability. As shown in the second and third rows of Table 7, we select 50% and 30% of
loans with lower default probability as best candidates set, respectively, and compare the
classification precision of these best loans set. The conclusions we could draw from the
results are consistent with the case of all observations. Moreover, the improvement of
classification precision increases with the decrease in default probability. When consid-
ering the 30% of loans with the lowest default probability, Combination D could make an
approximately 3% improvement over Combination C, which reveals that our indicator
exhibits more significant improvement on the candidates with a lower predicted prob-
ability of default.

To further investigate the profitability value implied in the improvement of the default
probability prediction, we evaluate each model’s actual return by selecting the top y per-
centage of the most attractive loans based on that model’s predictions and compare dif-
ferent models’ average returns.

In Fig. 11, we show the results that compared Combination D’s average return rate
against the other combinations in the entire test set. In this figure, the x-axis, y, is the
percentage of candidates in which to invest, and the y-axis is the corresponding rate of
return if we invest on such a set of loans with equal weights. As evident in Fig. 11a, when
the LR algorithm is applied, the models that incorporate the combination of the vari-
ables, which include lender composition indicator (Combinations C and D) consistently
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have the best return rate performance with different values of y. Furthermore, Combi-
nation D has even better results than Combination C, as it has higher return rates. The
same conclusion holds for SVM and RFs, as is evident in Fig. 11b and c, respectively.
From all these results, we logically conclude that the maturity-based lender compo-
sition score proposed herein consistently demonstrates competitive performance com-
pared to several benchmarks, which include a range of borrowers’ credit features and

two representative lender indicators.

Concluding remarks

In this paper, we present the maturity-based lender composition score, which exploits
lender information, for loan evaluation in P2P lending. First, we build profiles to quan-
tify the lenders’ ability to pick high-quality loans. Next, based on these lender profiles,
we formulate a lender maturity factor to measure the ability of a lender for continuous
improvement in P2P investment. Finally, we develop a maturity-based lender composi-
tion score to predict the profit potential of each loan. Our empirical results on a real-
world P2P lending dataset reveal that the maturity-based lender composition score

improves the efficiency of indicating the investment value, and loan evaluation models
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with this lender composition indicator perform significantly better than without it. Sum-
marily, the maturity-based lender composition score proposed herein effectively indi-
cates the investment value of loans and improves loan evaluation accuracy.

Additionally, we design an effective framework to extract the investment expertise
of lenders and prove that identifying and following the more mature lenders can lead
to better investment performance. By providing a way to acquire knowledge about
loans and the implicit behavior of lender crowd, we further contribute to the litera-
ture related to the wisdom of crowds. Hence, the maturity-based composition score
proposed herein not only provides methodological and theoretical support for loan
evaluation in P2P lending but also provides decision support for investors in similar
application scenarios, such as the securities market.

From the perspective of P2P lending platforms, all the bidding and profit informa-
tion of the lenders, which play vital roles in profiling the lender’s investment abil-
ity and in constructing the lender composition score, can be collected and analyzed.
Hence, there is a robust chance that these platforms would employ our model to con-
struct the proposed indicator of loan applications and incorporate it into the credit
evaluation system of loans to strengthen risk identification. Furthermore, the lender
composition score can be provided to the potential lenders as a value-added service;
thus, lending platforms can help lenders to identify the credit risk of loans more com-
prehensively, which not only reduces the investment risk of lenders but also facilitates
the loan credit management of the platform itself.

It should be noted that our loan evaluation method primarily focuses on judging
the relative merit of the potential investment value of the loans. Therefore, we do not
attempt to optimally assess the expected return and risk of the loans, which serve as
necessary inputs for loan portfolio optimization. Conceptualizing an efficient way to
build investment decision-making based on lender composition analysis is a promis-
ing area to which appropriate risk assessment can significantly contribute. In addition
to exploiting lenders’ historical investment records in this P2P lending marketplace,
it is worthwhile to further strengthen the investor composition analysis for loan
evaluation by using investors’ social networks, behavioral records, and other external
information.
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