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The quality of skills, processes, and products are 
top-of-mind for manufacturers as they look to keep 
up with the increasing pace of innovation in 
today’s business environment. Best-in-Class 
companies are setting themselves up for success 
by infusing digital technologies into their 
manufacturing operations. Technologies like AR 
and IoT are driving optimization by giving frontline 
employees the tools to complete tasks more 
efficiently and make strategic decisions regarding 
processes and service. 

Connectivity in a Remote Manufacturing Environment 

Today's business environment, which includes a more remote workforce, 
requires manufacturers to rely more heavily on the digital muscle that 
enables connectivity between their people, processes, and products.  

Augmented reality (AR) and Internet of Things (IoT) are key technologies 
behind connected manufacturing and service operations. Blending real 
and virtual environments with AR can aid in operations, assembly, 
training, maintenance, and service, while the comprehensive data 
collection and analysis methods available with IoT can provide insights 
into operational and product performance. When combined together, 
these tools are even more powerful — using AR to visualize IoT data 
enables real-time actionable insights across operations. Best-in-Class 
manufacturers are already taking advantage of the benefits of AR and IoT 
(see sidebar). Organizations should follow in the footsteps of the Best-in-
Class and leverage these tools to address market pressures. 

Aberdeen’s research reveals that the demand for competitive 
differentiation with high quality and the increasing pace of innovation are 
the top two market pressures driving organizations to improve their 
manufacturing operations. As competition increases along with the need 
to close the manufacturing skills gap, organizations should look to 
strengthen a variety of aspects within their manufacturing operations. This 
report describes how companies can implement AR and IoT to support 
such initiatives and the business impact associated with taking actions to 
develop connected people, processes, and products. 

The Aberdeen maturity class 
framework is comprised of 
three groups of survey 
respondents. This data is 
used to determine overall 
company performance. 
Classified by their self- 
reported performance across 
several key metrics, each 
respondent falls into one of 
three categories: 

u Best-in-Class 

Top 20% of respondents 
based on performance 

u Industry Average 

Middle 50% of 
respondents based on 
performance 

u Laggard 

Bottom 30% of 
respondents based on 
performance 

 Adoption of Key Technology 
Enablers 

Augmented Reality (AR) 
u Best-in-Class – 73% 
u All Others – 59% 
 
Internet of Things (IoT) 
u Best-in-Class – 63% 
u All Others – 39% 
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 Augmented Reality Enables Frontline Workers 

Augmented reality overlays a computer-generated image 
on a real-world environment — creating an interactive 
experience for users to visualize specific scenarios. There 
are many different use cases for AR in manufacturing, but 
the most common are to upskill the workforce with virtual 
training curriculums and to supply visual work instructions 
to employees on the factory floor. (Figure 1).  

Figure 1. Purposes for Using AR in the Manufacturing 
Environment 

 

Technician training, learning and development modules, and new skills-
building opportunities are all components of upskilling that can be 
enhanced with AR. Compared to traditional classroom-style or in-person 
training methods, training with AR tends to be faster, more 
comprehensive, and more cost-effective. AR trainees develop expertise 
faster because they can visualize the training material in 3D instead of 
using a paper manual. 

Traditional training methods also fall short with the expanding complexity 
of processes and products. The increasing pace of innovation in the 
industrial world requires factory workers to keep up with machinery 
updates, and retraining can help technicians gain knowledge about new 
systems before they work directly on them. With a higher quality of skills 

% of respondents

33%

49%

56%

57%

64%

68%

For safety training

To accelerate operational efficiency

To train technicians

To eliminate paper manuals

For visual work instructions on the factory floor

To upskill / extend workforce capability in plant /
equipment maintenance

n = 403, Source: Aberdeen, November 2020
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in the manufacturing workforce, organizations are better able to prevent 
disruptions and downtime on the factory floor. Having fewer employees 
on the factory floor and mass customization of products requires that 
frontline workers are agile enough to keep up with customer demands. 
Similarly, service technicians can utilize AR training to learn about 
product updates before conducting maintenance on systems out in the 
field. While conducting complex service procedures, AR helps to improve 
technician efficiency while meeting customer SLAs and improving service 
contract renewal rates (see sidebar). 

In addition to training employees before they address equipment issues, 
AR-enabled work instructions can help technicians problem solve while 
on the job. AR-enabled remote assistance can also help employees learn 
on the job via over-the-shoulder guidance from a remote expert. With 
visual, easy-to-follow, step-by-step instructions and the ability to visualize 
IoT data related to the equipment operating conditions, which may also 
include alerts to potential failures, factory and field workers can effectively 
conduct maintenance even if they aren’t fully knowledgeable about the 
system. AR remote assistance even provides a "phone-a-friend" option if 
technicians get stuck. This allows manufacturers to bridge the skills gap 
between experienced technicians and new hires. When employees have 
visual instructions at their fingertips, they can quickly and accurately solve 
equipment issues. 

Investments in tools that enhance the quality of skills can generate 
significant returns. Companies that are increasing spend for developing 
internal talent to fill skills gaps are seeing greater year-over-year 
improvements in key business metrics such as productivity and employee 
engagement (Figure 2). 

Figure 2. Business Results for Investing in Upskilling Employees 

 n = 250, Source: Aberdeen, November 2020
Weighted average of percent change over the past year

14% 13% 12% 11% 10% 9%

5%
7% 6% 5% 6% 7%

3% 4%

Likelihood that
more than 50% of
the workforce is
highly engaged

Recurring
revenue

generation

Profitability Net new revenue
generation

Employee
productivity

Revenue per FTE Time to hire

Companies that are increasing spend for developing internal talent to fill skills gaps
Companies that are NOT increasing spend for developing internal talent to fill skills gaps

Companies leveraging 
AR are seeing:  

 

18% 
greater year-over-year 

improvement in technician 
efficiency 

 

24% 
greater SLA compliance 

 

47% 
greater year-over-year 

improvement in service contract 
renewals 
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With the help of AR, manufacturers can identify and work to close skills 
gaps. They can empower current employees with the necessary skills to 
step into new roles as well as employees who are ready to be reskilled or 
upskilled that have the aptitude for learning a new position. Presenting 
employees with opportunities for self-growth contributes to the 2x greater 
improvement in employee engagement for companies that have invested 
in upskilling. 

AR can also help capture and scale the tacit knowledge of experienced 
workers, many of which are retiring. AR allows employees to capture their 
own manual workflows and turn them into easy-to-follow instructions that 
others can use. These training instructions can be scaled to a broader 
population of less experienced frontline workers. By identifying best 
practices and then quickly implementing standards through updated 
procedures and training, manufacturers can ensure their employees are 
maintaining good manufacturing practice and staying compliant. 

Technicians who have the knowledge and / or technology for conducting 
maintenance are able to quickly solve problems to keep machinery and 
products up and running, leading to improvements in employee 
productivity. The differences in revenue and profitability in Figure 2 show 
how greater employee engagement and productivity translate to monetary 
advantages. As employees perform more efficiently, companies are able 
to increase production and throughput without additional costs for 
downtime. 

With augmented reality, frontline workers are better equipped to address 
challenges inside and outside of the factory. Their day-to-day work 
impacts the business as a whole by maintaining OEE and increasing the 
safety, efficiency and agility of their frontline workforce. The overall 
efficiency gains from delivering in-context, interactive work instructions 
into the hands of employees through AR can be further advanced 
incorporating IoT insights into connected operations and products. 

IoT Boosts Manufacturing Process Productivity 

Connected processes do not exist without IoT. IoT is the foundation for 
the network of sensors, instruments, and other devices that monitor 
manufacturing process performance. The multitude of real-time data 
gathered from these devices can be difficult to interpret and put into 
action without the right IoT software, but many organizations are currently 
utilizing IoT data in a variety of ways in the manufacturing environment 
(Figure 3). 

 

Connected people are 
better equipped to 
address challenges 
inside and outside of the 
factory. 

Companies working to 
develop talent to fill skills 

gaps are seeing 

2x 
greater improvements in 
employee engagement. 
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Figure 3. Benefits of Leveraging IoT in the Manufacturing Environment 

 
Product quality is clearly top of mind for manufacturers. With IoT, 
manufacturers can track a product through the entirety of its lifecycle — 
from design through production and into the field — while simultaneously 
collecting quality data. This quality data can be used to inform design 
updates and identify areas for improvement.  

IoT can also impact process quality and efficiency. Plant managers can 
utilize the second-by-second data from IoT to build models of the factory 
floor and determine the most efficient process for optimizing equipment 
utilization. They can detect systems that could be running more quickly 
and with fewer resources, and alerts can notify them when certain 
machines or processes are not running properly. Process data is also 
helpful for developing useful insights and predictions regarding the 
assembly of new product introductions.  

Safety is another factor that can be improved with IoT. IoT-enabled 
devices that workers can keep on their person such as helmets, phones, 
and watches can collect data regarding how employees interact with their 
environment. This data can be utilized to track, measure, and predict 
patterns of workers in the factory and determine risks that could result in 
harm or injury. AR also enhances safety by helping employees visualize 
hazards on the job. 

The utilization of IoT in these ways is directly related to improvements in 
key manufacturing metrics. Companies that are utilizing IoT are seeing 
higher performance rates in metrics related to process productivity and 
efficiency than companies that do not utilize IoT (Table 1). 

% of respondents

50%

51%

53%

54%

59%

65%

Improved operational equipment uptime & availability

Reduced maintenance costs

Improved visibility, agility, & responsiveness

Improved safety

Increased operations speed

Improved product quality

n = 403, Source: Aberdeen, November 2020

Plant managers can 
utilize the second-by-
second data from IoT to 
build models of the 
factory floor and 
determine the most 
efficient process for 
optimizing equipment 
utilization. 
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Table 1. Manufacturing Process Efficiency Metrics 

Manufacturing Metric 
Companies Leveraging IoT Data Others 

Average current performance 

Percent of complete and on-time shipments 71.6% 66.1% 

Overall equipment effectiveness (OEE) 72.7% 66.8% 

Capacity utilization 72.5% 68.8% 

Raw material utilization 73.3% 70.0% 
 

Increasing the speed of operations affects how quickly manufacturers can 
get products out the door. By optimizing processes on the factory floor 
with insights supported by IoT, companies are better able to deliver 
complete and on-time shipments. Optimized processes and notifications 
for malfunctions contribute to the greater percentage in overall equipment 
effectiveness (OEE). Using real-time data gathered through IoT sensors, 
plant floor models can help manufacturers better manage their staff and 
resources. Capacity and raw material utilization are also tied to the use of 
IoT. Historical data and predictive analytics can determine expected 
inputs and outputs for manufacturing processes. IoT helps track real-time 
execution against those goals so manufacturers can identify areas to 
make adjustments. 

Greater process productivity, quality, and performance impact how likely 
products are to meet targets at design release. Companies leveraging IoT 
and AR are more likely to have products that achieve launch dates, cost 
targets, and quality targets (Table 2). When the processes are operating 
as efficiently as possible, the result of those processes can be optimized. 

Table 2. Products Meeting Targets at Design Release 

Manufacturing Metric 
Companies 

Leveraging IoT Data Others Companies 
Leveraging AR Others 

Average % of products that meet targets at design release 

Product launch dates 71.1% 67.2% 70.3% 67.1% 

Product cost targets 70.3% 66.9% 70.2% 65.7% 

Quality targets 72.0% 68.8% 70.8% 69.8% 
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Benefits of Utilizing IoT to Service Connected Products 

IoT is the underlying thread that connects products in the field back to the 
manufacturer. Sensors built into products transmit real-time product 
performance data to engineers and service technicians. This data can be 
put to use for a variety of service procedures, the most common being 
product quality assurance (Figure 4). 

Figure 4. How Companies Are Utilizing IoT in the Service Environment 

 

Monitoring product performance entails keeping a pulse on product status 
to ensure that the system is working properly. IoT makes this process 
much more comprehensive as the sensors can track very specific aspects 
of the product, such as temperature, pressure, and material 
concentrations. This granular data can provide insights into historical and 
real-time product conditions and potential quality issues that would 
require maintenance.  

Reactive and predictive service are also top use cases for IoT in field 
service. IoT not only enables sensors to alert technicians if problems 
arise with products in the field — it can also identify exactly what the 
problems are and how they can be fixed. This knowledge allows service 
professionals to arrive on-site with a solution or a plan for addressing the 
issue. Once on-site, AR can help the technician to quickly identify and 
troubleshoot issues, as well as giving them 3D work instructions which 
accelerate issue resolution time. AR can further ease reactive service by 
enabling remote service and eliminating the need to send someone on-

% of companies leveraging IoT

58%

61%

67%

70%

73%

Conduct remote repairs

Develop new services tied to product usage / performance

Capture diagnostic information for predictive / preventive
service

Capture diagnostic information for reactive service

Monitor product performance

n = 230, Source: Aberdeen, December 2020
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site. AR provides customers with around-the-clock access to assistance 
from experts.  

Real-time data can also help manufacturers indicate if there will be 
product complications in the future and plan for predictive service. With 
insight into probable challenges, manufacturers can plan for maintenance 
before customers suffer from product failures. Fewer recalls and warranty 
costs add up to significant cost savings. Companies leveraging IoT are 
already seeing a 61.5% cost reduction from savings generated by 
predictive / preventative service. 

Cost savings aren’t the only benefit of developing connected products. 
Companies leveraging IoT are also seeing greater year-over-year 
improvements in business metrics related to service productivity and 
profitability (Table 2).  

Table 2. Delivering Faster Service at Lower Cost with IoT and AR 

Service Metric 
Companies 

Leveraging IoT Data  Others Companies 
Leveraging AR Others 

Average percent improvement over the past year 

Time from ticket-to-invoice (decrease) +34% +23% +37% +25% 

Cost per truck roll (decrease) +39% +28% +38% +32% 

Total company revenue (increase) +45% +38% +47% +40% 

Overall technician efficiency (increase) +45% +39% +48% +40% 
 

Faster ticket-to-invoice timing indicates that companies leveraging IoT 
and / or AR can solve customer problems more quickly than others. This 
is a result of technicians having knowledge about the product issues prior 
to arriving on-site. With faster fix rates, companies leveraging these 
technologies are also experiencing greater decreases in cost per truck 
roll. Companies leveraging IoT and / or AR rarely need to send trucks to 
the same site on multiple occasions for the same issue, because their 
technicians have foresight into the challenge at hand, visual work 
instructions to help them if they get stuck, and don’t require multiple trips 
to solve the issue. Making the service process easier for technicians 
makes the service process easier for customers as well. The 16.3% edge 
companies leveraging IoT and the 18.3% edge companies leveraging AR 
have over others in overall technician efficiency shows how IoT and AR 
can boost the quality of service and keep customers happy.  

Companies leveraging IoT 
are seeing a 

61.5% 
cost reduction from 
savings generated by 

predictive / preventative 
service. 

With well-trained, well-
equipped frontline 
workers to service these 
connected processes 
and products, 
organizations can 
optimize their overall 
productivity and 
profitability. 
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The greater increase in total company revenue represents the impact 
connected products have on the organization as a whole. Greater 
technician efficiency coupled with lower service costs indicates that 
companies leveraging IoT and AR are saving both time and money — 
both of which can be put toward more innovative initiatives. With well-
trained, well-equipped frontline workers to service these connected 
processes and products, organizations can optimize their overall 
productivity and profitability. 

Key Takeaways and Recommendations 

With AR, companies can bridge the skills gap by helping employees 
develop skills with virtual, 3D product familiarization experiences that can 
be done in any environment as well as by supplying employees with in-
context, augmented, on-the-job work instructions. With IoT, 
manufacturers can monitor process efficiency and identify areas for 
improvement in the factory, and they can monitor product performance 
and improve service quality in the field. Together, these two technologies 
provide a foundation for nurturing connected people, processes, and 
products. 

When reflecting on the impact these three aspects of manufacturing have 
on business outcomes, there are a few key points to emphasize: 

u Augmented reality enables greater workforce efficiency, 
safety, and agility through better training and work 
instructions for maintenance, assembly, operation, 
inspection, and service. The use of AR improves agility, safety 
and repressiveness across manufacturing operations. Whether 
companies are leveraging AR for upskilling their workforce or 
providing technicians with visual work instructions, AR can 
empower employees to perform their work with greater confidence 
and accuracy regardless of increasing complexity, demand and 
regulations.  

u IoT tracks product and process information from factory to 
field for a complete view of performance. Using IoT within the 
factory can help optimize process efficiency and productivity, 
while, outside of the factory, IoT can relay product information 
back to the manufacturer to fuel design updates and predictive 
service. With greater visibility, manufacturers can identify areas to 
save time and money and improve quality. 

u Connected people, processes, and products promote higher 
profitability. Investments in AR to upskill the workforce and 
implementing IoT are associated with advantages in enterprise-



 

 

  11 

 11 

wide metrics such as revenue, employee engagement, and 
profitability. 

Working together, connected people, processes, and products keep all 
areas of manufacturing running smoothly. Companies are able to develop 
highly skilled employees, deliver products on-time and on-budget, and 
provide high-quality service, all of which ultimately influence customer 
satisfaction. As businesses look to grow and provide customers with new 
and innovative products, they need to keep quality at the center of their 
manufacturing operations to ensure they are delivering the optimal 
customer experience. A strong customer base and technology 
infrastructure can help manufacturers gain a competitive edge in the 
market and take advantage of future opportunities.  

Today’s industrial organizations are developing a stronger digital muscle 
through technologies that drive optimization and innovation. IoT and AR 
can help manufacturers achieve enterprise-wide goals, but it is important 
that these tools are implemented in a successful way. Evaluating software 
solutions that have an integrated IoT and AR strategy is a good place to 
start for manufacturers who are looking to take advantage of the business 
value of industrial IoT and AR. 
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