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Abstract 

A plastic-injection molding facility is converting many machines into more automated systems. 

These complex systems require higher-level skill sets than current operators have been trained in. 

There is a need to increase the level of competency in most, if not all, of the operators at the 

Facility, and create a system of levels that engages employees and encourages learning new 

skills to increase their position and pay.  

There is a need for a clear path of compensation based on skills and actions. The Facility is 

currently not optimizing or maximizing their current portfolio of machines and resources, 

leaving an unknown capacity. With the future of the facility residing in automation and robotics, 

capital investments will not be made to continue to automate machines without showing it is able 

to maximize current assets.    

Keywords: manufacturing, employee engagement, performance, standardization, kaizen, process 

improvement 
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Project Background 

An injection molding facility is currently operating below industry standards as a result 

of stagnancy in continuous improvement. In order to receive capital from the corporation, the 

facility needs to maximize their current capacity. In order to maximize their current capacity, 

they must assess the efficiency of a machine running at its maximum run time based on 

manufacturing standards. The gap between its standard run rate, and the proven run rate, is 

drastic. There is a belief in the organization that this gap is due to operator skills.  

Although an onboarding training plan is in place, and a skill development plan has been 

created, the implementation of the onboarding process has been poor, resulting in operators with 

limited skills, particularly in troubleshooting machine issues. There is currently no verification of 

skills and knowledge for operators on a regular basis, to refresh skills/knowledge or identify gaps 

in these areas. This leads to poor insight to the actual quality of the operators’ performance, 

which is why the maximum run rate and proven run rate has been used as a guideline for 

identifying this gap. 

Organizational Goals 

 Higher-level skill is needed to operate machines as they become more complex. 

Employee engagement and training is necessary to increase skill level and encourage skill-

growth through operator levels. Proper implementation of current instructional strategies needs 

to be utilized as well. 

Project Stakeholders 

 Project stakeholders include the injection molding manufacturing facility, the customers 

who receive the product, and the operators performing the tasks. 
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Analysis Plan 

 The analysis plan was conducted in three phases: (1) a Literature Review was conducted 

using evidence-based research on topics related to the project, (2) downtime analysis of a pre-

determined time constraint was performed to determine problem areas in operator skills, and (3) 

interviews, surveys, and observations were conducted to involve employees, create employee 

buy-in, and encourage employee engagement. 

Literature Review 

Identifying the Largest Bottleneck(s) in Operator Error 

 Before identifying where to begin process improvement among operator skills, it had to 

be determined where the greatest need was. According to Aqlan (2018), prioritizing workplace 

areas for improvement opportunities consists of: 

 (1) variation in process time  

(2) ratio of workmanship defects to throughput  

(3) practice versus procedure  

(4) ratio of cycle time to takt time (p. 262)  

Once the areas have been identified, Aqlan (2018) goes on to say that “…required data 

are collected from different resources including databases, time studies, and surveys” (pps. 262-

263).  

Employee Buy-in and Engagement 

 In order to help employees effectively retain the information that will be provided, there 

needed to be a way to engage the employee and allow them to participate in the change. One of 
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the ways to institute this change in employee attitudes is to have a leadership style that 

encourages employee satisfaction. According to Colbert (2012) “certain leadership behaviors 

have a strong impact on employee engagement… (a) being transparent; (b) enrolling employees 

in change activities; (c) involving employees; (d) connecting the dots for employees; and (e) 

rewarding and recognizing employees” (p. iv). There are significant advantages to having 

engaged employees, including increased retention. According to Lockwood (2006), higher-

engaged employees are “20% more likely to perform better and 87% less likely to leave the 

organization than less-engaged employees” (p. 4). Outcomes that help the business include 

“greater productivity, higher retention rates, fewer accidents, and lower absenteeism” (Fleming, 

2009, p. 7). 

Building Content and Instructional Design 

 After understanding the largest gaps and receiving buy-in from employees, it is important 

to then build the content and create an Instructional Design Strategy. There is a lot of research on 

how operator simulation has been proven very effective to improving employee skills, but for 

this particular study, there is no funding to pay for the cost of simulator creation. There is room, 

however, to make changes to the labor strategy. In order to most benefit operators with hands-on 

training, a Process Leader (an advanced machine operator) with vast technical knowledge of the 

systems, will be added to oversee the automated machines, and work one-on-one with operators 

as they troubleshoot on an as-needed basis. With this addition to the manufacturing floor, in 

conjunction with a Training Guide that focuses on retrieval techniques, operators will be able to 

retain more information that studying documents alone (Brown, 2014).  
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Implementing Process Improvement in Operator Skills 

 Once it has been determined which areas can be improved to maximize production 

output, an implementation strategy is necessary. One method is to identify tasks and knowledge 

an operator would need to be proficient at their job. To take it a step further, it is important to 

create a baseline for minimum expectations required to be proficient as an operator, and offer 

advanced skills as a way to become a higher tier operator with opportunities for more pay. This 

helps with employee engagement, but also directs a path forward for operators. “Employee 

engagement is one of the most crucial factors of any organization’s performance as well as 

successful implementation of any new dynamic changes” (Weerasooriya, 2017, p. 34).  

Another area of process improvement pointed out by Weerasooriya (2017) is that “standard work 

of the employees should be improved and teamwork mind set should be developed among 

employees as well as [the] value of the business need (p. 35).” In order to implement changes, 

employees need to be engaged and understand their, not only the tasks at hand, but the 

importance of the tasks to the overall organization. It is not enough to simply know what to do, 

but why they do it.  

Downtime Analysis 

 A downtime analysis of machines was taken using a sample spanning twelve days and 

across all four shifts. Scheduled maintenance downtime was removed from the findings in order 

to better calculate possible operator error contributions. Seven machines were used to calculate 

the largest downtime reasons. The findings are as follows: 
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Figure 1: Total downtime of machines (minus maintenance) 

 
Figure 2: Total downtime of machines by crew 



   

INCREASING OPERATOR SKILLS IN A MANUFACTURING ENVIRONMENT P a g e  | 10 

 
Figure 3: Total Downtime of machine by machine number 

 

Interviews, Survey, and Observations 

 Surveys and interviews were conducted with operators, process leaders (advanced 

operators that oversee several machines), and their direct supervisors. Based on these, and 

observations taken over several hours from each crew, it became clear that employees are not 

being engaged as much as they would like to be. Half of the employees surveyed believed that 

the company was underutilizing their talents, interests, and abilities, and weren’t as involved in 
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work decisions as they’d like to be. 

 

 

 Other interesting findings from the survey revealed that some employees did not believe 

communication was effective either top to bottom or bottom to top. 

 

Figure 4: Survey results for questions 17 and 18 
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Figure 5: Survey results for questions 23 and 24 

 

 Interviews conducted showed a true desire to be more engaged in decision-making, but 

also have a clear guide as to whether they accomplished what they were supposed to for the day. 

One employee went on to say “It would be really cool if we get a big electronic screen on a wall 

that tells us how far we are from our goal. For example, our ultimate goal for the year is [x 

amount] cases. If we can gather the data to display the number of cases produced YTD (Year to 

date), we can have an idea of how well (or bad) we're doing overall. Also have it display 

theoretical values of how many cases should be produced for the day/week/month depending on 

how many machines are scheduled to run in that time period. Presently speaking, we have no 

idea whether or not we are doing well”. This shows management negatively impacting employee 

engagement. Based on the interviews, it seems that employees are aware that positive changes 

are coming. Another employee said “I know speaking to [Plant Director] in a meeting a while 

back, she had a pretty good idea on a pay raise incentive when the operators or process leaders 

hit a milestone in their training, I thought that was a very strong idea and would boost morale 

among co-workers.”  
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Analysis Report 

Gap Analysis 

 Based on the needs assessment, it has been determined that there are three major gaps 

within the company: (1) utilizing data to move towards the largest bottlenecks, (2) under-

engaged employees, and (3) troubleshooting skills among operators.  

 Data has not previously been used as a way to measure performance and understand 

maximum efficiency with the facility. Pulling together the data to take into consideration 

downtime of machines operators’ work was tedious and difficult. There needs to be a way for 

seamless data compilation and extraction in order to ‘work to the need.’ By determining what 

areas are creating the largest amount of downtime, mechanics can fine-tune machines and 

trainers can fine-tune operator skills.  

 Employees seem to want to be engaged in the work, but there is a gap in communication 

and management’s ability to utilize the operator’s skills in such a way as to increase employee 

engagement. Employees also struggle to understand if what they did during their shift positively 

impacted the organizational goal. It is management’s job to help define what a positive shift 

would look like to an individual operator based on cycle time and planned maintenance. An 

hourly rate of number of boxes would be an easy way to determine this. By calculating the 

amount of planned downtime and subtracting it from 12 (the number of hours in the shift), 

operators can multiple by the rate to determine if they met their goal for the day. Adding in a 

calculation to subtract for safety or quality incidents would also help steer employees into a 

direction that wasn’t production first. 

 Finally, based on the downtime analysis over twelve days, it appears troubleshooting has 

become a necessity for operators to learn as far as skill development. The majority of 
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unscheduled downtime, across all crews and machines, is the ability to troubleshoot specific 

issues and get the machine up and running in a timely manner.  

Design 

Target Audience 

 The intended audience for this initiative is the operator that works on machines that are 

currently automated. These injection molding machines have automation attached to it that pulls 

the product out of the mold and stacks it into boxes.  

Training Goals 

Instructional Strategy 

 In order for Operators to meet the objectives, a restructure of the crewing on all shifts 

will be conducted to best utilize Subject Matter Experts, freeing them up to help coach more 

basic operators through troubleshooting incidents, particularly the ones in the performance 

objectives.   

 

Instructional Design 

There will be troubleshooting guides created through the use of Subject Matter Experts 

that will help new operators walk through the most common root causes and get to the problems 

faster.  

A document will be laid out that helps create standard work for operators that helps them 

understand daily and hourly tasks, and gives them a clear process to help them when the machine 

goes down. 
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Figure 6: Standard Work Document (to be laminated and placed on equipment so they can check off tasks as they 

go throughout day) 

 

Lesson 1: Basic Operator Standard Work  

Module 1: Forms  

 



   

INCREASING OPERATOR SKILLS IN A MANUFACTURING ENVIRONMENT P a g e  | 16 

Tools: Online Forms with easy navigation (see Figure 7)  

Delivery Method: Computer-based  

Module 2: Machine checks and observation  

Tools: Agenda listing out how often to perform checks, and what to look for (see 

figure 3.1) 

Delivery: Hands-on with Automation Trainer  

Module 3: Quality Checks  

Tools: Job Aid with pictures showing potential quality defects to look for  

Figure 7: Forms Menu 
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Figure 8: Quality Checklist  
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Delivery: Evaluation through regular checks of quality to determine if operator is 

finding quality defects prior to an entire pallet being completed.  

Module 4: Operating Envelope Checks  

Tools: An Operating Envelope that give parameters of their machine and limits to 

which certain areas of the machine should fall in  

Figure 9: Quality Check Job Aid Sample 
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Delivery: Job Aid showing how to find the different operating envelope 

parameters on the machine, and compare them to what they are supposed to fall in  

 

 

Figure 10: Operating Envelope Parameters (actual parameters were excluded from this sample) 
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Module 5: The Troubleshooting Process 

Tools: A standard procedure outlining what to do in the event the machine shuts 

down due to a mechanical problem.  

Delivery: New Automation Trainer will walk-through hands-on to ensure that the 

operators understand the process and its importance  

Figure 11: Sample of Operating Envelope Training 
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Figure 12: Troubleshooting Process Document 

 

Lesson 2: Troubleshooting  

Module 1: Height Checks  

Tools: a process flow outlining most-likely root causes and how to fix, to least 

likely root causes and how to fix, and a form that reacts to the answers to questions 

regarding the status of the machine based on the process flow. 
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Figure 13: Process flow of troubleshooting possible causes 

 
Figure 14: Zoomed in area of process flow 
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Figure 15: Form created based on process flow diagram as a tool for new operators to troubleshoot the issue. 

Questions change based on the answers given. All outcomes have a solution or move them to the Troubleshooting 

Escalation Process 

 

Delivery: Hands-on training with Automation Trainer  

Module 2: Troubleshooting Operating Envelope  

Tools: a job aid outlining most-likely root causes and how to fix, to least likely 

root causes and how to fix  
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Figure 16: Sample of troubleshooting job aid 

 

Delivery: Hands-on training with Automation Trainer 

Implementation Plan 

 A library with easily navigable documents will be created in Microsoft SharePoint. This 

library will allow for easy collaboration among the Subject Matter Experts.  
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Figure 17: Sample of the SharePoint site 

 
Figure 18: Menu to get to the library from main page 
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Figure 19: Operator Level 1 Menu sample 

 

 Operator Trainers will be given instructor-led training on how to navigate, and they will 

train operators on the job to follow processes and job aids from the library.  

Evaluation Strategy 

A level 1 evaluation strategy will be conducted to understand the reactions of operators to 

the new strategies and content. Observational analysis will be compared based on previous 

observational analysis pre-implementation. 

A level 2 evaluation strategy will be conducted to determine what operators have 

retained. Through the initial downtime analysis, a future evaluation of downtime in a twelve-day 
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span across all shifts will help determine the effectiveness of the training as it pertains to learner 

retention.  

A level 3 evaluation strategy will be conducted to understand the transfer in operator 

behavior. Repeating the survey and asking a few more questions related to the content 

implemented, an evaluation can be made in changes in overall attitude. Through direct 

observation of employees on the manufacturing floor, an analysis can be conducted based on 

observation pre-implementation. 

A level 4 evaluation strategy will be conducted in order to determine the business results 

of the implementation of strategies in content. This will be similar to the level 2 evaluation 

strategy utilizing the downtime sample. Depending on the changes in downtime from the first 

sample to the second, it can be determined whether the organization benefitted from the 

implementation.  

These four levels of evaluation are derived from Kirkpatrick (2006). 
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Appendix A: Survey and Interviews 
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Appendix B: Automation Operator Report Sample 

 


	University of Massachusetts Boston
	ScholarWorks at UMass Boston
	4-19-2019

	Increasing Operator Skills in a Manufacturing Environment
	Bobbie Lee Hubbard

	tmp.1556739548.pdf.x9fL1

