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Abstract 
 

SMEs (small and medium-sized enterprises) are one of the economic sectors that represent 96.5% of the companies 
that exist in Peru (Las Pymes Son El 96.5% de Las Empresas Que Hay En Perú | Perú Retail, 2017).  Despite this, 
environmental SMEs often don't meet the demand, as they have shown delays in collecting reports due to a lack of 
knowledge of digital transformation. This issue prevents them from meeting the projected demands of the sector. 
Therefore, this research offers a collaborative model with the combination of Data Analytics, PDCA, and 5S tools to 
increase the level of service in environmental consultancy SMEs. In the analysis of the case study, problems in the 
consultancy were identified as the delay in the collection of information for the preparation of technical reports. The 
proposed solution is to have Data Analytics and 5S methodologies in the company. The result was successful, the 
company improved its indicators of the number of completed reports by 95% and level of attention by 15%. 
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1. Introduction 
SMEs in Peru employ more than 8 million people (Las Pymes Son El 96.5% de Las Empresas Que Hay En Perú | Perú 
Retail, 2017). According to statistics, 99.5% of the total number of formal enterprises in the Peruvian economy, 96.2% 
are microenterprises, 3.2% are small and 0.1% are medium-sized. Of these, 87.6% are engaged in commerce and 
services, and the remaining 12.4% are in manufacturing, construction, agriculture and livestock, mining, and fishing 
(Estadística MIPYME, n.d.). The environmental area is changing, as new methodologies are being discovered to 
improve the processes for collecting information for technical reports and thus increase the efficiency of the company. 
This problem has been identified in this case study, so a collaborative model between Data Analytics and PDCA was 
proposed to increase the level of service in environmental consultancy SMEs, based on the literature reviewed. This 
proposed solution uses PDCA, Data Analytics, and 5S methodologies. 
The purpose of the proposed solution is to increase the level of service in an environmental company. The research is 
divided into the following structure: Introduction, Literature Review, Methods, Validation, Conclusions, and 
References. 
 
2. Literature Review 
2.1 Data Analytics Model in Environmental Management 
Some studies have found that Data Analytics improved the productivity of SMEs based on Environmental 
Management. This generated an advantage over its competitors of 40% with the support of support tools (Angelov, 
2014). In addition, research confirms that data analysis in environmental management achieves good results and 
improves the quality of work of your employees (Tapia, 2017), (Ji-fan Ren et al., 2017). In the same way, some minor 
studies recommend that other areas make use of data analysis to become more competitive (Big Data y El Cuidado 
Ambiental | UTEC, n.d.; Romero, Andrea Edith Ballen Navarrete, Eddy Johanna Forero Gomez, 2019). In conclusion, 
the methodology in environmental management has a positive impact on both the workspaces and their workers.  
 
2.2 Collaborative Model to Increase Environmental Service Level 
Today, there isn't a collaborative model to increase the level of service in the environmental sector. There are only 
studies, which use only 2 tools to improve customer satisfaction, but in other types of markets (Ballen Navarrete et 
al., 2019). Also, we want to demonstrate the implementation of the tools with the 5s support technique (Johan, 2017). 
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Moreover, research has found that the PDCA framework and Data Analytics can increase customer satisfaction in 
environmental SMEs and can work together seamlessly, bringing many benefits (Torres Rodríguez, 2020). 
 
2.3 PDCA Model in Environmental Consulting 
Several studies confirmed a 30% positive impact on process performance by using the framework in environmental 
consultancies (Silva & Ferreira, 2018; Tauchen & Brandli, 2006). In this aspect, important factors (working climate, 
human resources, among others) are considered. On the other hand, empirical research defines that the addition of the 
5S helps the correct functioning of PDCA. This will lead to very good results and will promote continuous 
improvement in the environmental sector (Espinoza Arias, 2019). 
 
2.4 PDCA Model and Data Analytics in The Environment 
Some studies implement this framework with the methodology, even though the PDCA cycle is old and well known. 
There is research where a positive result is observed using Data Analytics in conjunction with the framework from 
the perspective of the environmental sector. This confirms that SMEs are making an impact on the environment when 
they produce. By using these tools, they not only reduce pollution but also boost their productivity by 60% 
(Muruganantham et al., 2019). Finally, empirical research determined that the collaborative model also helps 
employees to have a better working area and be more productive. This is thanks to the support provided by the 5S 
technique (Wazed & Ahmed, 2009). 
 
3. Proposed Model 
3.1 Basis  
Nowadays, technology is evolving, and companies have to adapt to it to be more competitive in the market. Likewise, 
companies must modernize their procedures to continue supporting the advantage they have over the competition. 
Taking this into consideration, an investigation of different methodologies or techniques to generate more productivity 
will be carried out. It was also determined that the Data Analytics methodology is innovative and facilitates companies 
to continuously improve their processes. Also, it will work with the 5S support technique and the PDCA framework 
for more positive results.  
 
3.2 Proposed Model  
This model will be executed through the PDCA framework and the 5S technique to support Data Analytics. This 
mix of tools aims to eliminate potential problems in the processes in various environmental SMEs. It also aims to 
reduce errors in environmental reporting by considering PDCA, so that the company can execute continuous 
improvement, generating more efficiency. The framework facilitates the elimination of processes that do not add 
value. 
 
Furthermore, the proposed model starts at the planning stage. This will present the current situation of the company 
and identify problems it may have. This is followed by the Doing phase, which exposes the 5S technique that will 
support the framework and Data Analytics. This is followed by the review phase, where you will carry out a before 
and after evaluation. Finally, comes the corrective actions phase to mitigate errors found in the review phase. 
On the other hand, it should be taken into account that the respective measurements will be made through KPIs, 
comparing the before and after running the proposed model. The model will be developed in the 3 stages shown in 
Figure 1. 
 
 
 
 
 
 

 

Proceedings of the International Conference on Industrial Engineering and Operations Management 
Monterrey, Mexico, November 3-5, 2021

© IEOM Society International 2328



 
 

 
 

Figure 1: Proposed Model 
 

3.3 Components of The Model  
This model will be developed in the 3 phases which were presented in figure N° 1. 
 
Phase 1: 
In the first stage, information on the actual situation of the company will be collected and then analyzed. The aim is 
to identify the main problem and its different causes. Then, a problem tree will be drawn up to select the most deficient 
process. This process is reflected in Figure 2: 
 
 

 
 
 
 

 
Figure 2: Planning 
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Subsequently, the process will be mapped to reduce the time to complete technical reports, boost the level of service, 
and standardize related tasks 
 
Phase 2: 
In this second phase, the PDCA framework is presented, as it is important for continuous improvement. Then, the 
Data Analytics methodology is described, which aims to filter and reduce large amounts of information resulting in 
only the data necessary for decision making. This will be done through the following key activities: 
 

• Data Understanding 
• Data Preparation 
• Modeling 
• Evaluation 

 
 
On the other hand, it will be complemented by the 5S technique. This will support the other tools in their correct 
functioning because it is specialized in the work area and its collaborators. The main key activities are 
 

• Classify 
• Order 
• Clean 
• Standardize 
• Review 

 
This is done to create a collaborative and innovative model to reduce collection time and increase the level of service. 
The process of this phase is shown in Figure 3: 
 
 

 
 

Figure 3: Do 
 
 

Phase 3: 
In this last phase, the results obtained after implementing the improvement proposal are reviewed to know if it was 
efficient. Regarding 5S, an audit of the workspaces and surveys will be done to determine if the support technique 
worked correctly. This is done before and after to see the impact on key procedures and activities. On the other 
hand, to evaluate the efficiency of the collaborative model, indicators are developed, which will be shown below. 
The process of this phase is shown in Figure 4: 
 
 
 
 

 
 
 
 

 
Figure 4: Review 
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3.4 Proposed Method 
In figure 5, the model of the proposed method is presented as well as the step-by-step flow of activities for the 
implementation. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: Proposed Method 

 
3.5 Indicators 
Two indicators or KPIs were determined for the evaluation before and after the implementation of the model. 
This was done to make a comparison of the results for analysis. 
 

• The number of reports dealt with before and after the proposal: 
It allows knowing the percentage of reports that were dealt with before the proposal 
 

𝐾𝐾𝐾𝐾𝐾𝐾 =  
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑑𝑑𝑟𝑟𝑑𝑑𝑑𝑑𝑟𝑟 𝑤𝑤𝑤𝑤𝑟𝑟ℎ 𝑏𝑏𝑟𝑟𝑏𝑏𝑟𝑟𝑟𝑟𝑟𝑟

 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑤𝑤𝑟𝑟𝑟𝑟𝑑𝑑
 × 100 

This KPI would be optimal if it is between 70 and 100% 
 

𝐾𝐾𝐾𝐾𝐾𝐾 =  
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑑𝑑𝑟𝑟𝑑𝑑𝑑𝑑𝑟𝑟 𝑤𝑤𝑤𝑤𝑟𝑟ℎ 𝑑𝑑𝑏𝑏𝑟𝑟𝑟𝑟𝑟𝑟

 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑤𝑤𝑟𝑟𝑟𝑟𝑑𝑑
 × 100 

 
This KPI would be optimal if it is between 70 and 100% 

 
• Service Level: 

Allows determining the percentage of customer service level after the model has been 
run. 
 

𝐾𝐾𝐾𝐾𝐾𝐾 =  
% 𝑅𝑅.𝑑𝑑𝑟𝑟𝑟𝑟𝑟𝑟𝑎𝑎𝑑𝑑𝑟𝑟𝑑𝑑 𝑑𝑑𝑏𝑏𝑟𝑟𝑟𝑟𝑟𝑟 − % 𝑅𝑅.𝑑𝑑𝑟𝑟𝑑𝑑𝑑𝑑𝑟𝑟 𝑤𝑤𝑤𝑤𝑟𝑟ℎ 𝑏𝑏𝑟𝑟𝑏𝑏𝑟𝑟𝑟𝑟𝑟𝑟

% 𝑅𝑅.𝑑𝑑𝑟𝑟𝑟𝑟𝑟𝑟𝑎𝑎𝑑𝑑𝑟𝑟𝑑𝑑 𝑑𝑑𝑏𝑏𝑟𝑟𝑟𝑟𝑟𝑟
 × 100 

 
This KPI would be optimal if it is between 70 and 100% 
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4. Validation 
To validate the viability of the proposed development solution model, simulation was chosen because of the 
COVID-19 pandemic that began to manifest itself worldwide. The proposal is carried out by an environmental SME 
to validate the results of the proposal in a real case. 
 
• Initial Diagnosis: 

Indicators were established for the case study to find out what percentage of the current state of the case of study 
better known as CIPER, is an environmental consultancy. 

 
Initial indicators before the solution are proposed: 
• Number of completed reports: 80% 
• Level of attention: 5% 

 
• Validation design: 

 
Arena Software Systems 
The number of areas of the reporting professionals was defined for 7 hours of work and one hour of refreshment. 
Then, 100 samples were considered for the 3 areas of engineering, doctors, and lawyers to identify the type of 
distribution and its improvement. For the graphical simulation, the factors, historical data, assumptions, and 
resources were defined. Table 1 shows the fitted distributions for each process to be simulated in the Arena 
Simulator software. Figure 6 shows the graph and analysis of the distribution of the information process. 
 

Table 1: Type of process distributions for reporting 
 

 
Process N Adjusted Distribution 

Engineers Area 262 UNIF (1,4) 
Medicine Area 240 UNIF (0.36,3) 
Lawyers Area 222 UNIF (0.999,3.75) 

 
 

 

 
 

Figure 6: Graph and analysis of the distribution of the reporting process 
 

 
Compliance with basic sampling rules was taken into account to ensure the fidelity of the results. The most 
relevant process was the engineering area, having a uniform distribution (1.4) and a statistical value of 0.0949. 
 
The following preliminary data were defined for the simulation: 
Factors 
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 Number of engineers, doctors, lawyers, and reports 
 Distribution of areas of engineers, doctors, and lawyers 
 Working time 
 Frequency of arrival of reports 

The most important aspects  
 Problem analysis 
 Identification of entities 
 Data search and collection 

Resources 
 Engineers/Data Analytics/Training 

 
The graphic realization starts with the client's request for documents, then there is a single queue to reach the 
engineering area which consists of 10 engineers, and one is selected to perform the field inspection, then it goes 
to the medical area which consists of 10 doctors and one of them will review and approve the report considering 
the compliance with the health standards for workers in monitoring. Consequently, the report is passed to the 
area of lawyers which consists of 10 lawyers and one of them receives it and manages the report with the 
approvals and signatures making the corrections and declarations for compliance with the Ministry of the 
Environment. Finally, the process is concluded in completed order. 
Figure 7 shows the current situation system response in the Arena Software and Figure 8 shows the system 
response of the improved situation in the Arena Software: 
 
 
 
 

 

 
 

Figure 7: Arena software model of the reporting process-Current Situation 
 
 

 

Proceedings of the International Conference on Industrial Engineering and Operations Management 
Monterrey, Mexico, November 3-5, 2021

© IEOM Society International 2333



 
 

Figure 8: Arena software model of the reporting process-Current Improvement 
 
After the simulation with the proposed solution, the following values were obtained, as shown in Table 2, which 
shows that a significant improvement was obtained in the 2 indicators initially proposed. 

Table 2: Final Values 
 

Indicator Initial 
Value 

Objective 
Value 

Final 
Result 

Number of 
completed reports 80% 90% 95% 

Level of attention 5% 11% 15% 
 
 
Analysis of the Result 
In the previous point, improvements could be obtained with the proposed model for the solution for the company, as 
it gives us an increase of 95% in the number of finished reports, which means 15% more than the current situation. 
On the other hand, the level of attention was significantly improved by 15%, which gives us a difference of 10% 
more than the current level. 
 
Future jobs 
• While the results of the project were successful and the initial situation of the company was improved, employees 

should continue to be trained in the digital world as well as in organizational behavior with the methodologies 
proposed for improvement. 

• Due to the global pandemic, we are experiencing, Peruvian companies have been affected by the closure of their 
operations. This could affect the results of the project, so it is necessary to evaluate and modify new biosecurity 
and occupational health protocols against the COVID-19 virus. 

• New risks should be taken into consideration before implementation, as they could affect the company financially. 
Therefore, it is suggested to look for 4Ps strategies to ensure customer loyalty without damaging the solvency of 
the consultancy. 

 
5. Conclusions 
• It is concluded that the focus on Data Analytics allows companies to generate value through information systems 

by cultivating people and training in each of the implements and tools for better performance. 
• With the implemented improvement, it can be concluded that the focus on Data Analytics allows companies to 

generate value through information systems by cultivating people and training in each of the implements and 
tools for their better performance. 

• The human side is vital for the performance in Cipher Consulting has developed a program tailored to its needs 
to develop a framework of execution and agility in each of the activities. 
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• It is preferable to be at the vanguard of the new changes of the digital era because they are crucial for the 
productivity of the business process. 

• To differentiate itself from the competition, you should set objectives and goals, as they can help you to add value. 
• It is identified that the value in people is vital in reducing the time to produce technical reports using timely 

information and in real-time where a suitable and timely work plan is generated. 
• The % improvement with the proposed solution of 16%. 
• The % of how much the level of care has improved with the improvement solution is 15%. 
• It is recommended that a pilot test be carried out for subsequent comparison of the indicators obtained. 
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