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Abstract: In modern corporate management, data plays a vital role in corporate governance and 
business operations. The management of Data and analytics (D&A) system covers three main aspects: 
people, technologies, and processes. Establishing a D&A system maturity evaluation model is critical 
to measuring and improving system effectiveness. We developed a model that evaluates the D&A 
system to help ICM corporation executives make the right decisions pertaining to people, technology, 
and process. 

1. Introduction 
In the age of an information explosion, the importance and value of data is self-evident, and more 

and more companies regard them as strategic assets. However, effectively exploring and utilizing all 
kinds of data is not easy as we suppose .To this end, the enterprises need to establish integrated data 
and analysis (D&A) systems that use and manage the data through professional personnel, technology 
and processes to serve the company's strategic decisions and improve operational efficiency. Combined 
with relevant information and requirements provided by ICM, our team has developed a model to 
evaluate the D&A system, contributing to maximized economic benefits. 

Overview of  Our Work: 
Analyze and select some key performance indicators that measure the success of their D&A people, 

technologies, and processes 
Develop a model that evaluates the D&A system to help company executives make the right 

decisions pertaining to people, technology, and process. 
Define the effectiveness of the model, establish the relationship between the effectiveness and 

maturity, and propose a protocol standard for establishing a effectiveness evalution model based on the 
maturity evaluation model. 

Simulate the process of ship arrival and departure, and adjust the maturity evaluationmodel to 
propose improvement suggestions for corporate governance. 

This paper analyzes the key differences between large and small ports in the application of the 
model, and points out the improvement methods. 

2. Symbols and Notations 
Notations that we use in the paper are shown in the following table 1: 

Table 1 
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3. Model I Design: Maturity Valuation Model of d&a System-Based on AHP 
3.1 Problem Analysis: the Maturity Evaluation Indicators of the Data Analysis System 

Reexamine ICM's D&A system from a big data perspective, we extracted typical features that reflect 
the maturity of the data analysis system according to the principle of hierarchical classification,. In the 
process, the skill level, business ability and adequacy of the personnel of the D & A system, as well as 
the technical characteristics such as IT support, technical stability, work efficiency, and product 
adequacy, and the process performance such as communication, coordination and data consistency are 
all taken into consideration. 

We extracted the relevant factors as the primary performance indicators. Simultaneously, the three 
indicators were divided based on the principle of comprehensiveness and mutual independence, 
yielding nine secondary influencing factors. All the indicators of the D&A system and their definition 
measures are shown in Table 2 and 3: 

Table 2 Performance Indicators Of d&a System Maturity Level 

 
Table 3 Indicator Defination And Measurement 

313



                          

 
We take the data consistency and transmission speed as the main indicators of process. The 

calculation method is shown in the table 2. 

3.2 AHP Model: a Metric to Measure the Current d&a System Maturity Level for ICM 
3.2.1 Establish a Hierarchy Structure 

This paper comprehensively evaluates the maturity level of current D&A system based on AHP 
model-Based on the above analysis, we take the system maturity level into the target layer, the primary 
influence factors (personnel performance, technical performance and process performance) as into 
criterion layer, the secondary influence factor into the index layer, and the D&A system which needs to 
be evaluated as the scheme layer. 

3.2.2 Construct the Judgment Matrix 
The relative importance of each element expressed by the judgment matrix is usually represented by 

a scale of 1, 2, ..., 9 and its reciprocal. The specific meanings are shown in Table 2. we use Table 4 to 
give the method of converting the initial value of the indicator score (percentage scale) into the 
elements of the judgment matrix (1-9 scale). 

Table 4 Scale Determination And Conversion Method of the Matrix Elements 

 
For the judgment matrix of the criterion layer and the index layer as follows : 

1B =





















1
2
13

217
1
1

7
11

 2B = 























1
2
1

4
1

3
1

21
2
13

4215

3
3
1

5
11

  3B =














15
5
11

  A=


















1
2
1

2
1

211
211

 

314



                          

3.2.3 Consistency Test and Weight Calculation 
Calculate the consistency index (CI) 

1
.. max

−
−
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n

nIC λ

 (λ  is the matrix maximum eigenvalue, n is the matrix order) 
Check the table to determine the corresponding average random consistency index( RI) 

Matrix order 1 2 3 4 5 
R.I 0 0 0.52 0.89 1.12 

 

Calculate the consistency ratio (CR)  and  judge ..
....

IR
ICRC =

 
When C.R. <0.1, the consistency of the judgment matrix is acceptable and C.R.> 0.1, the judgment 

matrix is not meeting the consistency requirements and needs recorrection.In our model, all the above 
four matrices passed the consistency test. 

Weight calculation 
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Index Score by experts 

1C  𝑊𝑊11=0.0925 

2C  𝑊𝑊12=0.6153 

3C  𝑊𝑊13=0.2922 

4C  𝑊𝑊21=0.1436 

5C  𝑊𝑊22=0.4974 

6C  𝑊𝑊23=0.2655 

7C  𝑊𝑊24=0.0935 

8C  𝑊𝑊31=0.8333 

9C  𝑊𝑊32=0.1667 

1B  𝐴𝐴11=0.4 

2B  𝐴𝐴12=0.4 

3B  𝐴𝐴13=0.2 

Membership function is introduced to initially divide the system maturity level: minmax

min
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∂  [ 0,0.25) [ 0.25,0.5) [ 0.5,0.75) [ 0.75, 0.9) [ 0.9,1] 
maturity level very poor poor medium Mature very mature 

List of metric weights 
Table 5 : Weights Of Performance Indicators 
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Analyzing the List of metric weights, the success of personnel and technology on the maturity of 

D&A system is equally important, and the contribution of the process is lower than that of the former 
two indicators.It can be explained that Personnel and technology are the main factors in the D&A 
system maturity measurement model.Besides,C2 ,C5 ,C8 are the most important components of 
C1 ,C2 ,C3 (Criterion layer) respectively.Specifically, among the performance indicators of C1-C9, C2 
has the largest success to the D&A  system maturity, with a weight of 0.2461 

4. Model Ii Design:d&a System Effectiveness Evaluation Model and Analogue Simulation 
When a cargo ship pulls into the port, this movement of cargo generates a significant amount of data. 

 
Fig.1 Flow Chart of Port Operation 

4.1 Effectiveness Evaluation of Maturity Level Measurement Model &Recommendations of 
System Modification 
4.1.1 Effectiveness Evaluation of Maturity Level Measurement Model 

To maximize the potential of ICM corporation’s data assets,  effectiveness of D&A system should 
be promoted and time in port should be minimized.First, The improvement of the system through the 
maturity model can effectively shorten the ship time in port. 

Model assumptions:All ships have the same model and the same cargo capacity; The number of ship 
arrivals per unit time obeys Poisson distribution; The operation time of land transportation and sea 
transportation is equal; The timetable is the optimal arrival time of land vehicles.Based on the 
aforementioned assumptions, we build a simplified effective evaluation model. The following 
calculation formulas are obtained: 
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Ts/Tc is ships/trucks waiting period in port, Ts1/Tc1 is ships/trucks waiting period for working, 
Ts2/Tc2 is ships/trucks working period 
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Since the waiting times of ships/trucks are positively related to process performance, then: 

1311 −
=+ BCS e

ATT
  (4) 

The number of berth equipments M is an exogenous variable,influenced by port size and other 
indicators, which can be set as a constant.The determination of single-alone operation efficiency is a 
random event, which is directly affected by the people performance (B1) of D&A system ,  technology 
stability (C5) of data processing,  system work efficiency (C6), process performance(B3), port scale, 
land transport punctuality θ , weather, we focused on the former five variables.According to the 
literature, the relationship between efficiency and performance can be measured by the exponential 
function, so the following equation is set to determine the single-machine operation efficiency: 

3651 BCCB decebeae +++=λ  (5)    )(
2

1e
A

36513B BCCB decebeaeM
T

+++
+

−
=

ω

(6) 
T is the total docking time of one single ship;a,b,c,d are all function parameter 

4.1.2 Analogue Simulation  Based on the  Effectiveness Evaluation Model 

 
Fig.2 Process of Port Operation System Optimization Simulation Program 

Based on the above effectiveness evaluation model, we conducted a simulation of the port ships. 
Table 6 : Simulation Scores of Indicators Inmaturity Evaluation Model 

 
4.1.3 Sensitivity Analysis of Effectiveness Evaluation Model 

Table 7 :Sensitivity Analysis Results 

317



                          

 
Observing the table, it is obvious that the sensitivity of C8 is significantly higher than that of other 

variables. Therefore, C8 is modified from 1.5 to 4, The operating simulation results of using a 
computer program are shown in Figure 3 below. Effectiveness of The D&A system is improved. 

 
Fig.3 Simulation Results Before and after System Modification 

4.1.4 Result Analysis and  Modification Suggestions of d&a System 
The sensitivity of C8 is the greatest and the weight is high as well, so the communication and 

coordination level of various departments in the process performance has positve effects on the system 
effectiveness. 

4.2 Evaluation of System Effectiveness Based on Goal Planning 
4.2.1 Assumptions 

The company improves  the people, technology and process performance,corresponding Ci  
increases Li on the original basis.The corresponding cost for each increase of 1 unit of A is Pi ,the 
number of equipment increases Qi , the number of personnel increases Hi, and the marginal cost 
remains unchangeICM Corporation faces cost and resource constraints as  improving its performance. 
The maximum cost that the company can afford is P* ,the maximium number of equipments is 
Q* ,maximium number of employees is H* 

4.2.2 Optimization Decision 

The maturity score after improvement is
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The company's improvement system has cost restrictions, equipment quantity restrictions, and 
peoplel restrictions. The number of equipment P is related to location and infrastructure, and the 

variables that affect it are (C4 ,C5 ,C6 ,C7 ,C8), while the number of employees is related to 
management difficulty and personnel security. related to facilities, and the variables that have an 

impact on it are ( C3 ,C6 ,C8). Using objective planning to maximize the improved maturity score, the 

following constraints need to be met at the same time: 
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  (8) 
By consulting the data, we determined the marginal cost of improving each indicator score by 1 unit, 

when the C2 increase is 16.7% , the C5 increase is 100% , and the C8 increase is 100% , all the 
constraints are met, and the final maturity is increased to a maximum of 0.48 . 

5. Model Iii Design:Protocol between  Maturity and Effectiveness of d&a System 
5.1 Based on the Maturity Evaluation Model 

To quantify how accurately the maturity model measures system effectiveness , we recommend that 
ICM companies develop protocols that define system effectiveness and calculate how accurate the 
maturity model is. 
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( τ is a nine-
dimensional function of the indicator) 

For each set of identified indicators, a unique maturity model accuracy can be calculated as τ . 
Therefore, the scope of application of the maturity evaluation model depends on the value of the 
indicators. 

5.2 Based on the Goal Planning Model 
In order to make the maturity evaluation model more feasible, we ignore the above-mentioned 

concerns about the accuracy bias of maturity evaluation. According to the traditional system evaluation 
theory, we assume that maturity A can directly represent the system effectiveness , and there is a 
relationship between it and the effectiveness. There is a definite functional relationship. Set to ε system 
availability. 

According to the data, ( )ρf  is generally an exponential function, so that
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The system effectiveness is calculated according to the maturity ε ,  when the maturity reaches a 

certain value, the system is considered to be effective, and when it exceeds a certain critical value, the 
effectiveness is considered to be the maximum value of 1.According to the actual situation of system 

operation and the specific requirements of business needs, let 1ξ  =0.1, 2ξ =0.75 . We recommend that 
ICM company develops the following protocols:When the system maturity is lower than 0.1, it is 
determined that the system is invalid;When the system maturity is between 0.1 and 0.75, it is 
considered that the system has a certain effectiveness;When the system maturity exceeds 0.75, it is 
considered that the system is always effective. 

6. Conclusion 
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In our model, a method for measuring system maturity is established from three aspects: people, 
technology and process. We simulate the above model, and verify the feasibility of the above 
evaluation system through the relevant data of the industry status. The model is applicable in different 
situations, which further verifies the feasibility and practical value of the model. Therefore, managing 
D&A systems by using the maturity assessment model we developed can bring great value to the 
company. Rolling out the model to ICM's clients will also generate positive externalities for the 
maritime industry as a whole. 
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