
  
 

 

Industry Code Analyzer – NAICS Code 

Discovery For Startups in R 

 

Applied Project Final Report  

 

By  

 

Yin (Fien) Xu 

Spring, 2021 

 

A paper submitted in partial fulfillment of the requirements for the degree of 

Master of Science in Management and Systems 

at the 

Division of Programs in Business 

School of Professional Studies 

New York University 

 

 



  
 

Table of Contents 

Declaration ....................................................................................................................................... I 

Acknowledgments ........................................................................................................................... II 

Abstract ......................................................................................................................................... III 

Abbreviations and Definitions ...................................................................................................... IV 

Introduction ..................................................................................................................................... 1 

Background information ............................................................................................................. 1 

Company Name .......................................................................................................................... 2 

Sponsor Information ................................................................................................................... 2 

Problem Description/Opportunity ................................................................................................... 3 

Importance of the project ............................................................................................................ 3 

Alternate Solutions Evaluated ......................................................................................................... 5 

Solution Evaluation Criteria ....................................................................................................... 7 

Selection Rationale ..................................................................................................................... 8 

Approach and Methodology ......................................................................................................... 10 

Project Objectives and Metrics ..................................................................................................... 12 

Goal of the project .................................................................................................................... 12 

Project Deliverables and Metrics .............................................................................................. 12 

Risk Analysis ................................................................................................................................ 14 



  
 

Issues Encountered .................................................................................................................... 16 

Project Chronology and Critique .................................................................................................. 17 

Lessons Learned ............................................................................................................................ 27 

Conclusion and Summary ............................................................................................................. 28 

Limitations, Recommendations, and Scope for Future Work ....................................................... 29 

Literature Survey .......................................................................................................................... 30 

References ..................................................................................................................................... 33 

Appendix A ................................................................................................................................... 35 

Project Acceptance Document .................................................................................................. 35 

Appendix B ................................................................................................................................... 37 

Project Sponsor Agreement ...................................................................................................... 37 

Appendix C ................................................................................................................................... 41 

Project Charter .......................................................................................................................... 41 

Appendix D ................................................................................................................................... 55 

Project Plan ............................................................................................................................... 55 

Appendix E ................................................................................................................................... 61 

Situational Analysis .................................................................................................................. 61 

Appendix F .................................................................................................................................... 70 

Risk Management Plan ............................................................................................................. 70 

Appendix G ................................................................................................................................... 72 



  
 

Change Management Plan ........................................................................................................ 72 

Appendix H ................................................................................................................................... 81 

Status Reports ........................................................................................................................... 81 

Appendix I .................................................................................................................................... 89 

Annotated Bibliography ............................................................................................................ 89 

 

Table of Tables 

Table 1: Solution Selection Matrix ................................................................................................. 9 

Table 2: Possible Risks with Probability Score and Impact Score ............................................... 14 

Table 3: Contingency Plan ............................................................................................................ 16 

Table 4: Project Chronology Table ............................................................................................... 26 

 

Table of Figures  

Figure 1: Risk Matrix .................................................................................................................... 15 



 I 
 

Declaration 

I, Yin Xu, declare that this project report submitted by me to the School of Professional Studies, 

New York University, in partial fulfillment of the requirement for the award of the degree of 

Master of Science in Management and Systems, is a record of project work carried out by me under 

the guidance of Dr. Andres Fortino, NYU Clinical Assistant Professor of Management and 

Systems. I grant powers of discretion to the Division of Programs in Business, School of 

Professional Studies, and New York University to allow this report to be copied in part or in full 

without further reference to me. The permission covers only copies made for study purposes or for 

inclusion in the Division of Programs in Business, School of Professional Studies, and New York 

University research publications, subject to normal conditions of acknowledgment. I further 

declare that the work reported in this project has not been submitted and will not be submitted, 

either in part or in full, for the award of any other degree or diploma in this institute or any other 

institute or university.  



 II 
 

Acknowledgments 

I sincerely thank Dr. Andres Fortino for his contribution as a sponsor of this project and as a 

mentor during this project. I also want to thank all the instructors in the Management and 

Systems program I have taken courses with and learned a great deal. 



 III 
 

Abstract 

NAICS Code is a classification adopted by the North American Industry Classification System. 
Federal Statistical Agencies use the code to establish a North American standard on collecting and 
analyzing statistical data related to the U.S. Economy. However, NAICS is a self-assigned system. 
Business owners or users have to select the code that best describes their primary business 
activities. It is time-consuming and inefficient for business owners or users to manually use 
keyword search provided by the NAICS Code system, bounced back and forth among search pages 
and homepage.  Therefore, this project aims to help startups or users of the NAICS Code system 
find correct and corresponding industry codes based on their business. The consultant has earlier 
work in building a NAICS industry code search tool in Python. The project expanded on existing 
preliminary work done in Python. The consultant of this project developed a tool in R to search 
the NAICS industry code database more intelligently. Given a business description as a text file, 
the industry code analyzer tool searches the NAICS industry code database to identify the industry 
classification corresponding to the users' uploaded business descriptions. The industry code 
analyzer tool uses TF-IDF text similarity scoring, returns a ranked list of industry codes, and 
presents the top 5 codes and descriptions to the user for selection and download. This project 
carried on additional experiments to define the tool capabilities and produced a user interface in 
Shiny for easier use of the tool. The shiny app regarding industry code analyzer served as an 
efficient search tool to find the correct industry code and benefit both professional and academic 
uses. The accuracy rate of this industry code tool reaches 79%, compared to the result generated 
from preliminary work in Python and code manually found by business owners. Further 
development regarding TF-IDF decomposition dimensionality reduction is suggested to adopt in 
the next phase to enhance accuracy and reducing process time in text analysis.   
 
Keywords:  NAICS Code System, Text Analysis, TF-IDF, Shiny  
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Abbreviations and Definitions 

• Cosine Similarity: Cosine similarity is a commonly implemented metric in information 

retrieval. This metric transformed a text as a vector of terms, and cosine value between two 

texts' term vectors refers to the similarity between two texts.  

• NAICS Code: NAICS code is a classification adopted in 1997 by the North American 

Industry Classification System to establish a North American standard on collecting and 

analyzing statistical data related to the U.S. industry and economy.  

• R:  R is a programming language and free software environment. R can be run on open-

source tools or a set of integrated development environments such as RStudio, IntelliJ 

IDEA, Rattle, and so forth.  

• Text Analysis: Text analysis is the process of parsing and translating large volumes of 

unstructured texts to extract machine-readable facts, insights, and patterns.  

• TF-IDF: TF-IDF refers to the term frequency-inverse document frequency. TF-IDF is one 

of the widely used term weighting schemes in retrieving information. TF-IDF reflects how 

important a word is to a document in a corpus.  

• Shiny: Shiny is a package of R that enables the developer to quickly build interactive web 

apps straight from R. Developer can host standalone apps on a webpage or embed codes in 

R Markdown documents or build dashboards. Moreover, a developer can extend the Shiny 

interface with CSS, HTML widgets, and JavaScript.  
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Introduction 

Background information 

NACIS Code, a classification developed for use by Federal Statistical Agencies, is widely 

adopted by various government agencies, trade associations, regulatory boards, and companies for 

data collection and analysis. NAICS Code utilizes a hierarchical structure, which is the relationship 

of one item to its particular category. The NAICS Code comprises a 2-digit sector code, 3-digit 

subsector code, 4-digit industry group code, 5-digit NAICS industry code, and 6-digit national 

industry code. The NAICS code is designed based on a production-oriented concept, meaning that 

NAICS Code classifies industries based on similarities in the processes used to produce goods and 

services. The goal of the NAICS Code classification is to have a unified industry definition for 

North American countries, including Canada, Mexico, and the United States. Statistical agencies 

refer to the NAICS Code as input to manage and analyze industry performance, productivity, unit 

labor costs, and employment. NAICS Code is initially designed for statistical purposes. Moreover, 

NAICS Code is widely adopted and applied in various administrative, regulatory, contracting, 

taxation, and other non-statistical purposes by government agencies, trade associations, regulatory 

boards, and companies. According to companies in similar or identical industries, business owners 

or administrators rely on the NAICS Code to classify their customers based on belonged industries 

and strategize their targeted marketing effort. In this way, business owners or administrators who 

refer to NAICS information can obtain a more profound understanding of their targeted customers, 

competitors, and industries by providing satisfying goods and services.  
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Company Name  

NYU School of Professional Studies and the Management and Systems program (MASY) 

New York University (NYU) is a private research university based in New York City. The MASY 

degree is based on a unique curriculum that provides students with experiential learning 

opportunities to develop strong management and leadership skills and gain a comprehensive 

knowledge of current information technologies. 

NYU School of Professional Studies is located at 7 East 12Th Street, NY, NY 

 

Sponsor Information 

§ Name and Title: Dr. Andres Fortino: Clinical Associate Professor and MASY ACP Leader, 

New York University.  

§ Role within the organization: Dr. Andres Fortino is a clinical associate professor at NYU 

School of Professional Studies, where he teaches Business Analytics, Data Mining, Data 

Visualization, and Innovation. Dr. Andres Fortino is responsible for Applied Project – 

MASY – GC4100, in which students will undertake and deliver a real-world project for 

active practitioners in the field.  

§ Role on the project: Dr. Andres Fortino is the project sponsor. He will help me understand 

the needs of NYU – MASY and the status of preliminary work done in Python. Besides, 

Dr. Andres Fortino will help me as much as with the resources I seek.  

§ Dr. Andres Fortino (agf249@nyu.edu) can be reached over virtual conference calls as per 

project requirements. 
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Problem Description/Opportunity 

Importance of the project 

NAICS is a self-assigned system. Business owners or users have to select the code that best 

describes their primary business activities by themselves. Typically, Business owners or users have 

to cross-validate from a list of primary business activates containing keywords and the 

corresponding NAICS Codes and select the one that most closely corresponds to their primary 

business activities. Business owners or users sometimes have to refine their search multiple times 

to obtain more accurate codes. It is time-consuming and inefficient for business owners or users 

to manually use keyword search provided by the NAICS Code system, bounced back and forth 

among search pages and homepage.   

To solve this problem, NYU MASY is suggested to develop a tool to find the industry code 

for startups. The project expands on existing preliminary work that was finished in Python. 

However, users with Windows without installing Python could not run the script directly. It is 

challenging to build an interactive website in a short time to visualize real-time analysis using 

Python. Therefore, the consultant of this project developed a tool in R to search the NAICS 

industry code database more intelligently. Given a business description as a text file, the tool 

searches the NAICS industry code database to identify the industry classification corresponding 

to the business description. It carries on additional experiments to define the tool capabilities and 

produce a user interface for easier use of the tool. The industry code analyzer tool uses TF-IDF 

text similarity scoring, returns a ranked list of industry codes, and presents the top 5 codes and 

descriptions to the user for selection and download. The industry code analyzer tool helps the 
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entrepreneur identify the industry for the startup more efficiently and perform a market analysis 

more quickly.  

The shiny app regarding industry code analyzer also serves as an efficient search tool to 

find the correct industry code and benefit both professional and academic uses. The higher 

education industry has been growing and changing, driven by increasing student enrollment and 

increasing internationalization in the education sector. To better attract students and maintain 

competitive ranking, higher education institution strives for differentiating from various aspects, 

including student mix and outcomes, faculty resources, research capabilities, facilities, and 

community impact (André Dua & Jonathan, 2020). Higher education attaches more importance to 

expand community impact than before to real-world problems solving and practical training. 

Moreover, higher education institutions continue to make full use of their advantages in applying 

data and technologies to contribute to society's growth (Spear, 2020). Therefore, to strengthen 

community impact and improve researcher experiences, NYU MASY developed an industry code 

search tool in Python to find the industry code for startups. Indisputably, a computer-based tool 

with a user-friendly interface in R Shiny could dramatically optimize users' experiences and 

potentially increases NYU-MASY's positive influences on the community.  
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Alternate Solutions Evaluated 

 There are several alternative solutions to help startups to identify the correct NAICS 

code. Developing the industry code analyzer tool in R is adopted because of the algorithm's 

efficiency and accuracy after careful evaluation.  

The first alternative method is to continue using the industry code analyzer tool developed in 

Python. This solution gives a similar and relevant result with a high accuracy rate compared to the 

code found by the business owner. The advantages and disadvantages of this solution are shown 

below. 

Advantages:  

• Free and Open-Source:  Python comes under the open-source license, making it free to use 

and distribute. Developer can download, modify, and distribute the source code under the 

local version of Python.  

• Extensive Libraries Support: Python community consists of over 200,000 packages, 

supporting the developer to build almost any function customized for the task. Moreover, 

developers can combine various libraries with building the functions and algorithms in one 

project, providing developers more flexibility to change packages based on project 

requirements.  

• Interpreted Language:  Python is an interpreted language that executes the code line by 

line. The developer can stop further execution and debug immediately when an error 

occurs.  

Disadvantages:  
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• Weak in Browsers: Python is rarely used on the client-side. Python web development might 

consume high memory, which slows down execution. Because of the limited memory and 

execution speed, Python could not integrate with web browsers to display the real-time 

analysis on the client side.  

• Possible Runtime Error: Since Python is a dynamically typed language, the data type of a 

variable can change anytime. A variable containing an integer or number may change to a 

string during execution, which increases execution time and the risk of runtime error.  

 

 The second alternative solution is to utilize Bag-of-Words (BoW) to conduct text analysis 

in R. BoW creates a vocabulary to extract features from the text. A bag-of-word is arguably one 

of the widely used approaches to represent a document with a high dimension sparse vector. Each 

document is encoded as a dimension with a feature vector, where the number of dimensions refers 

to the vocabulary size. Each dimension in the feature vector consists of the occurrence of a word 

in a specific document. There are several advantages and disadvantages of this solution.  

Advantage:  

• Simple to Implement: The boW model is a common way of representing text data as inputs 

to a machine learning model. Vast packages are available for developers to choose from 

when building the BoW model.   

Disadvantage:  

• High Dimension Feature Vector: The boW model typically leads to high dimensional 

features vector due to the large size predefined vocabulary. The distance between data 

points with nearest and farthest neighbors can become equidistant in high-dimensional data, 

potentially increasing the risk of inaccurate analysis.  
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• Assumed Independence: BoW does not leverage co-occurrence statistics between words, 

meaning that the BoW model assumes all words are independent of each other.   

 

Solution Evaluation Criteria 

 The industry code analyzer tool is offers recommended list of NAICS code based on 

users' uploaded business descriptions. The tool is expected to be accessible and adopted by 

business owners and administrators for searching NAICS code. In addition to the application in 

the business field, this tool is supposed to be used by students and professors on academic projects. 

Therefore, the following are the criteria to measure the solution.  

• Sustainability: NYU MASY desires to instantly contribute to the community by supporting 

startups or entrepreneurs in their business. Moreover, NYU MASY offers students 

resourceful support and help in initiating and operate the business. The entrepreneurship 

capstone is one of the popular options for graduate students. The core courses, such as 

strategic marketing, also covers lecture on how to conduct industry analysis. Based on the 

broad application of the industry code analyzer tool in NYU MASY, the tool is supposed 

to be sustainable for all students and professors in NYU MASY to use for at least two years 

or even longer as soon as the tool is available to the public.  

• Cost: The job to develop an industry analyzer tool for NYU MASY is unpaid.  So, there 

are no benefits and costs that can be quantified. The primary cost of the solution should be 

human resource cost spending on maintaining the tool. Therefore, the total solution cost is 

supposed to under the budget of NYU MASY.  

• Easy to implement:  The solution is supposed to easy to implement by developers or users. 

For developers, the solution is expected to easy to maintain and improve. For users, the 
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tool is supposed to easy to access and use the functions without prior experiences or 

hardware setting. Users can quickly generate the result based on the brief guideline.  

• Efficiency: Most importantly, the solution is expected to give accurate results based on 

users' needs. Moreover, the solution should quickly offer analysis to users.   

• Optimized Users' Experience: The solution is expected to operate in a user-friendly 

interface with simple functions and readable output.   

Selection Rationale 

This project aims to develop a search tool in R in addition to the preliminary work to search 

the NAICS code more intelligently and efficiently. The five criteria listed above account for 

various proportions according to the importance of each criterion affect the project's overall 

performance. Assumed the total percentage is 100%, and each solution is expected to be calculated 

the weighted average based on each criterion. The original score of each criterion is 5. The solution 

with the maximum total score is suggested to choose. The sustainability accounts for 20% since 

the solution must be stable to be operated by startups, all students, and professors in NYU MASY. 

The cost accounts for 15% since the budget of NYU MASY is sufficient. The criterion of easy to 

implement accounts for 25% since it is crucial for either users or developers to implement the 

solutions.  The efficiency accounts for 25% because the solution is expected to provide more 

accurate results than the manual finding. The criterion of optimized users' experience weights 15%.  
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 Sustainabi

lity 

(20%) 

Cost 

(15%) 

Easy to 

Implement 

(25%) 

Efficiency 

(25%) 

Optimized 

Users' 

Experience 

(15%) 

Total 

Score  

Solution1:  

Continue analyzer 

tool developed in 

Python 

   3*20%  5*15% 3*25% 3*25% 1*15% 3 

Solution 2: Utilize 

Bag-of-Words 

(BoW) in R  

   3*20%  5*15% 4*25% 2*25% 2*15% 3.15 

Solution 3: Utilize 

TF-IDF in R 

   4*20%  5*15% 5*25% 3*25% 4*15% 4.15 

Table 1: Solution Selection Matrix 
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Approach and Methodology 

 This project follows the project life cycle, consisting of initiation, planning, execution, 

and closeout, to meet the project sponsor's requirements and deliverables.  

Initiation: 

1. Discussed with the client and identify the project objectives, deliverables, risks, 

constraints, cost, and priorities. 

2. Based on the client's requirements, deadlines, and available resources, the project 

manager developed a project proposal for clients to sign off.  

3. The client reviewed and signed the project proposal. 

Planning: 

1. The project manager conducted a literature review on relevant papers and 

algorithms. 

2. The project manager generated the functional specification document, work 

breakdown schedule, risk management plan, change management plan, project 

sponsor acceptance document, and sponsor agreement based on the proposal. 

3. The client review and signed the project sponsor acceptance document and sponsor 

agreement. 

Execution: 

1. Followed the work breakdown schedule to complete each week's assigned tasks. 

2. Meet with the client weekly on Zoom to report project progress and adjusted 

weekly tasks based on clients' feedback. 

3. Wrote monthly status reports for the client to track the project. 



 11 

4. The client reviewed and signed monthly status reports. 

Closeout: 

1. The project manager archived and uploaded all relevant files to the accessible 

GitHub repository. 

2. The project manager generated a project completion acceptance document. 

3. The project manager prepared the project's final report and delivered the 

presentation. 

4. The client reviewed and signed the project completion acceptance document. 

 

The project task outline is presented in the order from initiation, planning, execution, 

control, and closeout. The work breakdown structure displayed all the work and deliverables 

required to complete the project, and more details are shown in the project chronology.   
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Project Objectives and Metrics 

Goal of the project 

 This project aims to develop a tool to find the industry code for startups. The consultant 

has earlier work in building a NAICS industry code search tool in Python. NYU MASY now 

wishes to develop a search tool in R to search the NAICS industry code database more intelligently. 

Therefore, this project aims to create a computer-based tool in R to identify NAICS industry codes 

for startups with a robust user interface. 

Project Deliverables and Metrics 

• Objective 1 - Compile a functional specification document to describe a detailed step-by-

step outline of each item's functionality and user flow for different user roles in a Word 

document by February 12. 

Metric: The document will be presented and accepted by the client through an online 

meeting by February 12. 

• Objective 2 – Perform and deliver a TF-IDF similarity scoring of the text description of a 

business against the text descriptions of the NAICS industry codes using R language. Test 

the algorithm's validity using SME-identified industry codes for a known set of startups. 

Also, test the algorithm's validity by processing the description of known established 

businesses from the SEC database of public companies using R language by April 22. 

Metric: The TF-IDF similarity scoring will return a ranked list of industry codes and 

present the top 5 codes and descriptions to the user for selection. The test will utilize the 

confusion matrix to show the results and improve accuracy and precision to at least 75%.  
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• Objective 3 - Develop a shiny app interface by April 29 in R.  

Metric: The shiny app is expected to accept the text file of the startup's business description 

and deliver a ranked list of the top 5 possible NAICS industry codes. 

• Objective 4 – Create an accessible GitHub repository for recording all the project files and 

supporting documentation by May 5. 

Metric: All the documents are accepted by the client and can be viewed on the GitHub 

repository.  
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Risk Analysis 

The risk management plan is essential for the whole project. Based on a thorough risk 

management plan, the project team can identify, evaluate, mitigate risks that might occur through 

the entire project life cycle. The project is expected to be finished on time, within budget, within 

the scope, and with high quality. The primary part of this project is to develop a TF-IDF algorithm 

and cosine similarity to analyze users' uploaded business descriptions against NAICS code with 

detailed business definitions. The project team identified the following risks:  

Number Risk 
Probability 

Score (1,2 or 3) 

Impact Score 

(1,2 or 3) 

1 The client stops the project.  1 3 

2 Functions do not work on Shiny App. io 2 3 

3 Improper website design. 1 2 

4 User (startups) does not want to use the tool. 2 2 

5 
My R skills are not sufficient to debug the 

tools.  
3 2 

 Table 2: Possible Risks with Probability Score and Impact Score 

To optimize the project manager's effort on controlling the risk, the project manager 

developed the risk matrix to visualize the exposure and probability of each risk. The project 

manager conducted contingency plans to the risk with high exposure and a high probability of 

occurrence.  
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  RISK (exposure) 

Pr
ob

ab
ili

ty
 (o

f o
cc

ur
re

nc
e)

 
  1.Slight 2. Moderate 3. High 

1. Very 

Unlikely 
  3  1  

2. Possible   4  2 

3. Expected    5   

Figure 1: Risk Matrix 

The project manager conducted contingency plans to the risk with high exposure and a 

high probability of occurrence based on the risk matrix.  

Risk Description 
Probability 

(1-3) 

Exposure 

(1-3) 
Contingency Plan 

1 
The client stops the 

project. 
1 3  

2 
Functions do not work 

on Shiny App. io 
2 3 

Run the shiny app using a personal 

account to ensure every function 

works successfully before uploading 

to a public account. 

3 
Improper website 

design 
1 2  

4 

User (startups) does 

not want to use the 

tool 

2 2  
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5 

My R skills are not 

sufficient to debug the 

tools. 

3 2 

Communicate with other colleagues 

who have similar projects and find 

more learning materials online. 

Table 3: Contingency Plan 

Issues Encountered 

While working on the project, the project team encountered some technical issues. The first 

issue the team faced was to develop the TF-IDF algorithm and cosine similarity. The first analysis 

result was different from the result generated by preliminary work done in Python. The reason was 

data preprocessing. The issue was solved by adopting new packages in R to remove stop words, 

remove special characters, and lemmatize the sentence. The second issue was that the project ran 

out of instance memory in Shiny.io. The project had to reload every few seconds. To solve the 

issue, the project manager reduced the variables in scripts to minimize the instance memory and 

increase operational efficiency. Moreover, the project upgraded the Shiny.io account plan to a 

premium one, which releases more instance memory to ensure the app operating smoothly.  
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Project Chronology and Critique 

The following table shows the task, definition, duration, and due date.  
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I.D. Element Name Definition Duration  Due Date  

1 NAICS code analyzer 

tool  

All work to implement 

a new NAICS code 

analyzer tool 

45 April 22, 

2021 

2 Initiation The work to initiate 

the project. 

10 March 25, 

2021 

3 Evaluation & 

Recommendations 

The project manager 

works with the client 

to evaluate solution 

sets and make 

recommendations. 

10 January 18, 

2021 

4 Develop Project 

Proposal 

The project manager 

develops the project 

proposal. 

3 February 10, 

2021 

5 Draft Literature 

Review Research 

The project manager 

finds 10+ pieces of 

literature related to the 

project and conducts a 

literature review. 

5 February 24, 

2021 

6 Conduct Situation 

Analysis & Cost-

Benefit Analysis  

 

The project manager 

conducts the situation 

analysis and cost 

analysis of the project.  

5 March 3, 

2021 
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7 Create Work Break 

Down Schedule 

The project manager 

creates the work 

breakdown schedule 

with detailed project 

procedures and a 

timeline.  

3 March 3, 

2021 

8 Develop Project 

Charter 

The project manager 

develops the Project 

Charter. 

5 March 12, 

2021 

9 Deliverable: Submit 

Project Charter 

Project Charter is 

delivered to the Project 

Sponsor. 

5 March 17, 

2021 

10 Project Sponsor 

Reviews Project 

Charter 

The project sponsor 

reviews the Project 

Charter. 

5 March 20, 

2021 

11 Project Charter 

Signed/Approved 

The project sponsor 

signs the Project 

Charter and authorizes 

the project manager to 

move to the Planning 

Process. 

2 March 25, 

2021 
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12 Planning The work is for the 

planning process for 

the project. 

10 March 25, 

2021 

13 Compile Functional 

Specification 

Document 

 

The project manager 

creates a functional 

specification document 

5 February 10, 

2021 

14 Develop Project 

Sponsor Agreement 

The project manager 

develops a project 

sponsor agreement 

with a detailed 

description of 

deliverables.  

3 March 10, 

2021 

15 Submit Project 

Sponsor Agreement 

The project sponsor 

agreement is submitted 

to the project sponsor  

3 March 10, 

2021 

16 Milestone: Project 

Sponsor Acceptance 

Under the project 

sponsor's confirmation 

and approval, the 

project manager begins 

to move on execution 

step.  

3 March 10, 

2021 
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17 Execution Work involved 

executing the project. 

10 April 16, 

2021 

18 Verify Functional 

Specification 

Documents  

The functional 

specification 

documents described a 

detailed step-by-step 

outline of each item's 

functionality and user 

flow for different user 

roles. 

5 February 12, 

2021 

19 Deliverables 1: 

Functional 

Specification 

Document Approval 

The project plan is 

approved, and the 

project manager has 

permission to execute 

the project according 

to the project plan. 

5 February 12, 

2021 

20 Perform and Delivery 

TF-IDF Similarity 

Code with Samples 

Using R Language 

The project 

implementer should 

finish the sample 

exercises in TF-IDF.  

10 March 1, 

2021 
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21 Conduct Unit Test of 

Sample Code for 

Each Section in TF-

IDF Code  

 

The project 

implementer should 

conduct unit tests of 

each section in the TF-

IDF algorithm.  

10 March 5, 

2021 

22 Deliverable 2: 

Perform and deliver a 

TF-IDF similarity 

scoring of a 

business's text 

description against 

the text descriptions 

of the NAICS 

industry codes using 

R language.  

The TF-IDF similarity 

scoring will return a 

ranked list of industry 

codes and present the 

top 5 codes and 

descriptions to the user 

for selection.  

2 March 19, 

2021 

23 Conduct Unit Test of 

Code of Business 

Description Against 

NACIS Code  

 

The test will utilize the 

confusion matrix to 

show the results and 

improve accuracy and 

precision to at least 

85%.  

 

5 March 26, 

2021 
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24 Develop a Shiny App 

Interface  

 

The project 

implementer develops 

a shiny app using R.  

5 April 8, 

2021 

25 Deliverable 3:  The 

Shiny App with 

Function to Accept 

the Text File of 

Business Description 

and Deliver a Ranked 

List of the Top 5 

Possible NACIS 

Industry Codes 

The shiny app is 

expected to accept the 

text file of the startup's 

business description 

and deliver a ranked 

list of the top 5 

possible NAICS 

industry codes. 

 

3 April 14, 

2021 

26 Create an Accessible 

GitHub Repository 

for Recording All the 

Project Files and 

Supporting 

Documentation  

 

All files and records 

are updated to GitHub 

Repository.  

5 April 13, 

2021 
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27 Deliverable 4: A 

GitHub Repository 

with All the 

Documents that 

Viewed and Accepted 

by the Clients  

 

All the documents are 

accepted by the client 

and can be viewed on 

the GitHub repository.  

 

3 April 21, 

2021 

28 Control The work involved the 

control process of the 

project. 

5 April 14, 

2021 

29 Develop Change 

Management Plan 

The project manager 

conducts a change 

management plan with 

possible solutions 

regarding changes.  

5 April 14, 

2021 

30 Develop Risk 

Management Plan 

The project manager 

conducts a risk 

management plan with 

possible contingency 

plans.  

5 April 14, 

2021 

31 Closeout The work to close out 

the project. 

5 May 5, 2021 
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32 Draft Final Project 

Report 

The project manager 

drafts the final project 

report.  

5 April 20, 

2021 

33 Final meeting with 

the client to go over 

the lessons learned  

The project manager, 

along with the project 

sponsor, performs a 

lesson learned 

meeting. 

2 April 23, 

2021 

34 Compile Project 

Sponsor Acceptance 

– Project Completion 

Signoff 

 

The project sponsor 

signs the final project 

completion document.  

2 April 28, 

2021 

35 Gain Formal 

Acceptance 

The Project Sponsor 

formally accepts the 

project by signing the 

acceptance document 

included in the project 

plan. 

2 April 28, 

2021 

36 Present the project The project manager 

presents the project to 

the client using 

dynamic PowerPoint.  

1 May 5, 2021 
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37 Submit Final Project 

Report with Final 

Deliverables in 

GitHub Repository 

All project-related files 

and documents are 

formally archived and 

submitted.  

1 May 5, 2021 

Table 4: Project Chronology Table 
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Lessons Learned 

The whole project was able to deliver planned with expected quality and in time, and this 

could not have been done without contribution and help from the sponsor. During the project, I 

learned a lot from the following perspectives:  

• Project Management Skills and Experience: My project management skills were 

dramatically enhanced after this project. I accumulated valuable experience in managing a 

project from start to end.  

• Programming Skills: I learned a new language and code the program in R. My 

programming skills enhanced remarkably, strengthening my competence to land a 

professional job in the future.  

• App Development Experience: I obtained valuable experience in developing a shiny app 

using the R language. I learned how the shiny server interacts with the interface in the 

browser.  

• Git Hub Knowledge: I understood how Git Hub enables projects to collaborate 

simultaneously in different servers. I opened my Git Hub account and managed my 

projects.   

• Problem-solving and Communication Skills: I communicated with my client frequently to 

ensure the project is on the right track. Besides, I maintained a positive attitude to solve 

multiple tasks in the project with a data-driven mindset. 
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Conclusion and Summary 

This project performs med TF-IDF algorithm and cosine similarity in R to analyze users' 

uploaded business descriptions against the NAICS codes definitions. The project achieved the goal 

and objectives to return the top 5 and top 10 industry codes for users' selection and allow users to 

download the complete list of recommended industry codes based on analysis. After visualizing 

the analysis result in Shiny, the similarity score refers to how similar the business descriptions 

against the NAICS code industry definitions. Compared to the result generated by owners, the 

result provided by the industry code analyzer tool in R has a 79% accuracy rate, indicating that the 

industry code analyzer tool in R can be an effective search tool to generate correct NAICS code 

for startups. Compared to the previous work done in Python, the industry code analyzer tool in R 

offered an interactive and user-friendly interface for users to view the real-time analysis result.  

Shiny App Link: https://ranalyzer.shinyapps.io/Industrycode/ 

Git Hub Repository: https://github.com/yinxufientsui/R_NAICS-Code-Analyzer.git 
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Limitations, Recommendations, and Scope for Future Work 

Even this project was able to deliver as excepted, there are still some limitations within this 

project, and some of the limitations may be improved in the future similar projects in NYU MASY. 

First of all, limited by the knowledge on coding in R, the text analysis of this project is supposed 

to conduct dimension reduction to compare the accuracy rate. Singular value decomposition is 

suggested to use in future projects to generate a more accurate result. In addition to cosine 

similarity, more advanced algorithms, such as K-NN, K-means, is suggested to use in the future 

project on accuracy improvement.  

Secondly, limited time shortened the test period for the final project. Insufficient tests 

might cause the developer to neglect the problems, which might affect the results. Therefore, the 

project team suggests that future projects leave more time on testing and cross-validation to ensure 

the optimized result.  

The following scope for future work might consider increasing more functions on the Shiny 

app to allow users to customize the download versions and refine search to generate more accurate 

results. Moreover, further development regarding TF-IDF decomposition dimensionality reduction 

is suggested to adopt in the next phase to enhance accuracy and reducing process time in text 

analysis.   
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Literature Survey 

This literature review is organized by the background of the North American Industrial 

Classification System (NAICS) code, the challenge of startups to identify correct industry code, 

the introduction of Term Frequency - Inverse Document Frequency (TF-IDF) on cosine similarity, 

and application of R programming languages in the shiny app.  

NAICS code, known as industry classification, is adopted by the North American Industry 

Classification system in 1997 to replace the Standard Industrial Classification (SIC) system code. 

O'Connor, L. (2000) introduced that the NAICS code is designed with a production-based 

framework with a hierarchical six-digit structure while SIC code is product-based. Kile and 

Phillips (2009) pointed out that the NAICS code system covers a broader range of emerging 

industries and technologies. The NAICS code system was initially designed for statistical analysis. 

Pierce and Schott (2012) indicated that United States statistical data was generated by various 

agencies in different formats and standards. Therefore, a standardized industry classification was 

used to ensure all the economic data is gathered based on a consistent benchmark. NAICS code is 

helpful for companies to classify their industry, business scope, and customers. More specifically, 

startups can use NAICS code to identify their belonged industries, determine their target market, 

and generate consistent data on other companies in similar or identical industries. However, the 

NAICS code is a self-assigned system, which means that users need to find the code based on the 

system's standardized description versus their business descriptions. Therefore, it is very 

challenging for startups to identify the correct NAICS industry code at the first time when access 

to the system.  
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Term Frequency - Inverse Document Frequency (TF-IDF) is a technique to compute each 

word's relative weight that occurred in a specific document compared to the inverse proportion of 

word over the entire corpus (Ramos, 2003).  Bafna, Pramod, and Vaidya (2016) indicated that TF-

IDF is one of the most commonly used approaches to turn strings into vectors and extract the most 

relevant terms from the corpus. Besides, Wu, Luk, Wong, and Kwok (2008) applied the binary 

independence model, logistic regression model, vector space model, and extended Boolean model 

as examples to prove that TF-IDF is one of the efficient models of relevant information retrieval.  

Cosine similarity is a vector-based algorithm to measure the similarity between two vectors 

(Gunawan, Sembiring, & Budiman, 2018). Tata and Patel (2007) described that cosine similarity 

transforms each term and string into a vector with specific dimensions. The angle between two 

vectors signifies how similar those strings are. Bafna, Pramod, and Vaidya (2016) indicated that 

among similarity measures commonly used, such as Euclidean, Person correlation, Cosine, and 

Extended Jaccard, cosine similarity has the advantage of simplifying the comparison process and 

accelerating evaluation speed by calculating the angle of two non-zero vectors.  

The shiny framework is an accompanying graphical user interface (GUI) that establishes 

an interactive web app directly from R. The shiny framework allows users to visualize the result 

in a real-time interface (Crisan, Munzner, & Gardy, 2019). Potter, Wong, Alcaraz, and Chi (2016) 

showed the advantages of shiny apps over the traditional presentation methods with dynamic 

reporting and easy access online via a web browser, which dramatically improve users' experiences.  

Most of the selected research concluded that it is significant for startups to utilize the 

NAICS code to identify the correct industry and gather insights from consumers and competitors 

in similar or identical industries. Meanwhile, the authors pointed out that it is time-consuming and 

challenging for small businesses to find the correct industry code. TF-IDF is suggested to use in 
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information retrieval and text mining. Most authors admitted that cosine similarity's efficiency in 

scoring similarity between vectors and identify relevance between terms. However, a lack of 

research applied TF-IDF to explore the similarity between NAICS code and accurate business 

description in R-based application. Therefore, this project is expected to fill the gap between 

existing research and practice about using R-based application and real-time interface to generate 

the similarity comparison between NAICS code and startups business description and visualize 

the result using an interactive interface.   
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