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Abstract

White paper

The manufacturing industry is experiencing robust digital changes that necessitate new kinds of training. 
The adoption of technologies, from an increase in high voltage vehicles in the automotive industry to the 
development of smart factories, requires constant training and professional development of employees at 
every organizational level. Due to these shifts, self-motivated learners have the best chance of achieving 
high levels of expertise in new learning areas. This being said, rapidly training and retraining a workforce can 
be daunting; industrial organizations face the threat of losing competitiveness with each new technological 
development. Through the process of evaluating training needs, educating the right personnel with expert 
content, and integrating a learning and development program into organizational culture, organizations can 
thrive as they transition into the future of manufacturing.
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1. Introduction
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With Industry 4.0 and Industrial Internet 
of Things (IIOT) altering the landscape 
of global industry, organizations are 
discovering that to remain competitive 
they must become experts in 
training their employees. Due to new 
business models being enabled by 
technological developments, personnel 
across organizational levels must 
become trained to excel in this new 
environment. As facilities begin to 
phase out antiquated manufacturing 
technologies, data systems, and 
management processes, rigorous 
training is required to maintain 
quality standards and a competitive 
advantage.
 
A company’s level of competitiveness 
is contingent upon the knowledge-
level of its managers and employees.1 
The use of new learning technologies 
alone is not enough to transform 
staff into experts capable of thriving 
in the Industry 4.0 environment. A 

comprehensive learning organization 
will maximize every opportunity to 
empower personnel. 

Instructor-led, blended, and self-paced 
learning focused on manufacturing-
specific content development and 
shaped with instructional design theory 
creates an opportunity for learning 
and development managers to offer 
meaningful training to managers and 
employees. Niche training platforms 
that specialize in quality systems, 
manufacturing processes, and data 
security are positioned to generate 
Industry 4.0 content while encouraging 
learners to take ownership of their 
professional development. The goal of 
any training agenda in this era must 
focus on cultivating a knowledge-
seeking workforce capable of 
transferring new information from 
the training environment, whether 
live, blended, or online, back into the 
workplace.
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2. Evaluate

A comprehensive learning program begins with evaluation of organizational performance. This starting point can reveal 
gaps in knowledge and even forecast where future training opportunities might arise. A detailed evaluation of learning 
needs within an organization can allow managers and employees to gain insight into manager and employee motivation to 
learn, gaps in knowledge, and the organization’s training culture. These insights can assist an organization with designing a 
purposeful learning and development program.

2.1 Motivation to learn

The skills and abilities of learners 
who rapidly excel in new training 
situations are often determined by 
the learner’s willingness to personally 
invest in the learning experience. 
Intellectual autonomy is a result of 
the learner’s intrinsic motivation, 
the internal desire to acquire new 
knowledge. Extrinsic motivation, 
conversely, is when external 
influences motivate the learner’s 
experience: pay, fringe benefits, and 
other external conditions influence 
training motivation.2 Motivation is 
based on learners’ expectation for 
learning as well as interpretations 
of the potential for success within 

a learning environment.3 Managers 
and employees who feel empowered 
to learn and to self-regulate their 
learning are more likely to associate 
training activities with learning and 
development, and then transfer the 
value of the learning experience into 
the work environment.
 
Knowledge transfer, moving usable 
knowledge from one area, such as a 
training environment, and applying 
that knowledge in other areas within 
the organizations is a key outcome 
for training programs. The intention 
to transfer knowledge can be 
linked to a learner’s level of intrinsic 

motivation. Within an organization, 
training readiness, which influences 
knowledge retention and transferability, 
is influenced by a supervisor’s positive 
outlook on training.4 In this way, 
intrinsic and extrinsic motivation 
begin to blur as the individual’s 
internal motivational spectrum 
becomes influenced by organizational 
community. Training readiness and 
facilitating a positive, high-level 
organizational view of training and 
learning, links workforce development 
goals with motivation to learn.5

2.2 Knowledge gaps

In a world where compliance with 
the International Organization for 
Standardization (ISO)  is essential, 
accurate and detailed training on ISO 
content is more urgent than ever. As 
global industry evolves, so do the ISO 
standards. Learning and development 
managers need to evaluate industry 
needs to ensure their teams are well-
trained and capable of maintaining 
compliance prior to auditing cycles.
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3. Educate

Learning and development managers interested in maximizing training resources should audit organizational culture 
and community to determine how internal views on training and knowledge development are perceived, embraced, and 
propagated. A top-down, healthy-minded view of training options can motivate managers and employees to take ownership 
of their professional development as systems and technologies continue to evolve with Industry 4.0. With the right framing, 
training can become a common part of organizational values.

The technological and systemic changes associated with Industry 4.0 require careful attention to learning design and 
outcomes. Content, ranging from ISO standards to management best practices is only useful if mindfully taught. Education 
that delivers results should focus on learner-centered design. In addition, learning opportunities should be infused with 
a depth of trust between the education provider and the learner. Confidence that the content being provided is expert-
level ensures the learner’s time spent away from work during training will be time well spent and worthy of personal and 
organizational investment.

2.3 Training culture

3.1 Adult Learning Theory

In the age of Industry 4.0, learning and development managers should turn to training organizations that are invested in 
instructional design best practices that amplify the goals of adult learning theory. The value of partnering with such an 
organization is that learning and development managers will know that the right training material is being delivered to their 
employees using learner-centered best practices that deliver results.

Knowles developed a theory of andragogy to tailor learning design toward an adult audience. His theory emphasizes 
insights about the conditions that frame adult learning:6

Adult learners require a need-to-
know, clear understanding of why 
they need to learn new material 

Adult learners value experiential 
learning that is directly related to 

work

Adult learners are interested in 
problem-centered learning

Adult learners are more intrinsically 
motivated than younger learners 
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To paraphrase, adult learners seek 
out meaningful learning experiences 
that have function and that enhance 
their already expansive subject matter 
knowledge. To fulfill the adult learner’s 
needs, strategically designed training 
programs would approach instruction 
through the lens of Vygotsky’s Zone of 
Proximal Development (ZPD).7 ZPD is a 
growth-based theory where instruction 
initiates from a basic question: what 
does the learner already know? 

Adult learners across industries 
enter training situations with ample 
professional knowledge and insights. 
ZPD, when applied to training and 
professional development programs, 
encourages training and learning that 

Instructional design is the systematic 
approach to developing instructional 
materials that are audience-
appropriate by employing methods 
that are scientifically tested. An 
instructional design model enacts 
a specific perspective instructional 
design theory. By connecting ZPD 
with andragogy within a thoughtful 
instructional framework, trainers will 
be able to deliver content in a way that 
inspires intent to retain knowledge as 
well as to transfer knowledge back into 
the workplace. 

Bloom’s Taxonomy of Learning offers 
a cognitive development approach 
that grafts instruction onto thinking, 
effectively providing a means for 
joining instruction and learning so to 
encourage cognitive development. It is 

3.2 Bloom’s Taxonomy of Learning

is both internal and inherently social.8 
When an ISO standard receives an 
update, the assumption can be made 
that employees who worked with the 
previous iteration of the standard will 
be able to start with that knowledge 
and work collaboratively to gain a 
deeper understanding of the updates.

a progressive approach that requires 
learners first achieve proficiency in 
a skill level prior to moving into more 
complex learning tasks. The concepts 
that frame each category, as illustrated 
in figure 1, can be divided into different 
ways of thinking—lower order thinking 
skills (LOTS—knowing/remembering, 
understanding, and applying) and 
higher order thinking skills (HOTS—
analysis, evaluation, and creation). 

A learner-centered training program 
will include a variety of activities 
and questions that allow students to 
navigate through the various levels 
of each taxonomy. This approach 
embraces verbs that correspond 
with each taxonomy to motivate 
thinking and behaviors that will 
encourage retention and transfer. It 

is a learning model that encourages 
learner participation, and it requires 
that learners internalize knowledge 
before they can progress through the 
lesson plan. This progressive learning 
requirement makes Bloom’s model 
ideal for organizations that prioritize 
safety and minimizing risk.  
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3.3 Merrill’s Five Principles

There are five principles of instructional design 
put forward by Merrill that extend naturally from 
the synthesis of literature on andragogy, ZPD, 
and Bloom’s Taxonomy.10 Merrill’s research was 
designed to analyze a range of instructional 
design models to determine similarities and 
differences. Figure 2 illustrates the conceptual 
framework of problem-oriented instruction, 
which is the conceptual result of his synthesis 
of theories. In his overview of the literature 
on instructional theories, Merrill concludes 
that his “survey of instructional theories and 
models demonstrates that these theories do 
include first principles of instruction that are 
similar, regardless of theory or philosophical 
orientation.”11

Adapted from Merrill.

FIGURE 2: PHASES FOR EFFECTIVE INSTRUCTION12

FIGURE 1: BLOOM’S TAXONOMY OF LEARNING9

1 2 3

4 5 6

1. Know/Remember
The learner can recall and 
recognize facts. Key verbs: list, 
recite, outline, draft, name, match, 
quote, recall, identify, describe, 
recognize.

2. Comprehend/Understand
The learner can understand 
the meaning of presented 
facts and concepts. Key verbs: 
illustrating, inferring, summarizing, 
paraphrasing, classifying, 
explaining, interpreting.

3. Apply
The learner can apply facts, 
rules, concepts, and ideas 
in new situations. Key verbs: 
calculate, predict, apply, solve, 
illustrate, use, demonstrate, 
model, perform, present.

4. Analyze
The learner can break down 
information into compontent parts. 
Key verbs: classify, categorize, 
analyze, diagram, illustrate, 
criticize, simplify, associate.

5. Evaluate
The learner can judge the value 
of information or ideas. Key verbs: 
chose, support, relate, determine, 
defend, judge, grade, compare, 
contrast, argue, justify, support, 
convince, select, evaluate.

6. Synthesize/Create
The learner can combine parts 
of a concept to make a new 
whole. Key verbs: Design, 
formulate, build, invent, create, 
compose, generate, drive, 
modify, develop.
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As a result, Merrill distills the field of instructional design theory down to five principles and posits that new knowledge is 
promoted when:13

Combined, andragogy, ZPD, Blooms Taxonomy, and Merrill’s five principles allow trainers to develop student-centered 
learning environments that empower learners to embrace their investment in developing within this fourth industrial 
revolution.

4. Integrate

Integrating learner-centered training programs into 
manufacturing organizations can promote quality, 
safety, and sustainability. As industry standards 
evolve, productivity is directly linked to how well 
training platforms are integrated into organizational 
culture.

The rapid integration of technological developments in 
manufacturing requires that learning and development 
managers train and retrain managers and employees. 
In this new environment, learning and development 
managers know that what is good for employees is 
good for the organization.14 Instructor-led sessions, 
which can sometimes run the duration of a work 
week, have the potential to include active student 
collaboration and participation in the learning process. 
But what happens when committing such extreme 
amounts of time is not practical?

“As industry standards evolve, 
productivity is directly linked to 
how well training platforms are 
integrated into organizational 
culture.”

Learners are engaged in 
solving real-world problems

Existing knowledge is 
activated as a foundation for 

new knowledge

New knowledge is 
demonstrated to the learner

New knowledge is applied by 
the learner

New Knowledge is integrated 
into the learner’s world
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4.1 Digital training

E-learning in the form of digital 
courses is an opportunity for learners 
to engage with training materials 
remotely from any computer with 
internet access. This allows learning 
and development managers to provide 
personnel with content that is self-
paced and convenient to access. 
Research indicates that learning and 
development managers prefer self-
paced, on-demand courses as the 

most efficient way to bring industry 
updates to personnel.15 Rapid insights 
into updates on quality standards and 
compliance requirements can swiftly 
accelerate the development of specific 
skills and awareness.

A limitation of digital education 
occurs when instructional designers 
attempt to graft the instructor-led, 
lecture model onto a digital platform. 

4.2 Instructional design & digital training

Applying Bloom’s Taxonomy and Merrill’s five principles to digital, self-paced courses need to provide interactive moments 
that allow the learner to build upon previous knowledge and retain valuable lessons. With thoughtful instructional design 
application, online training can be meaningful and functional. Interactive elements in an e-learning platform should be 
based on Bloom’s levels and integrated across lower order thinking (LOTS) while transitioning into higher order thinking 
(HOTS) across knowing/remembering, understanding, applying, analysis, evaluation, and creation. E-courses would then, 
upon merging in Merrill’s problem-solving framework, be developed with a minimum level of interaction based on Bloom’s 
action words (see figure 1) to generate integration, activation, application, and demonstration within the context of problem-
solving, as illustrated in figure 3.

The result is pure misery for learners. 
Online learners do not sit passively 
listening and reading, they require 
interactive activities and quizzes that 
allow them to test their knowledge 
in the moment of learning. The most 
necessary and important content can 
be rendered immediately indigestible 
by learners when it lacks interaction 
and engagement.

FIGURE 3: MERRILL’S PRINCIPLE OF INSTRUCTION IN E-LEARNING COURSE DESIGN16

ENGAGE

DEMONSTRATE

ACTIVATE

APPLY

TRANSFER ...learners by 
presenting them with 
real-world problems.

...new knowledge by 
providing examples 
in videos, tutorials, 
and infographics.

...new knowledge by linking it to pre-existing knowledge 
through real-world examples, case studies, and stories.

...new knowledge with 
interactive, problem-
solving tasks.

...new knowledge 
with project tasks 
embedded within the 
e-learning design 
so learners use their 
knowledge in a new 
context.
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4.3 Microlearning

Experienced learners might find value in receiving quick bursts of focused knowledge. Microlearning is designed to 
expand the familiar user interface of social media platforms in quick, three- to five-minute knowledge insights.17 18 It 
has the potential to deliver targeted information to the right learners with the right level of detail at the right time.19 It 
can be used as follow-up training after larger online, blended, or instructor-led programs. This innovative approach 
to e-learning attempts to integrate learning and professional development into the lifeblood of the workplace so that 
knowledge acquisition becomes both social and immediate. New learners entering an ISO subject matter for the first 
time would benefit from a more comprehensive online or blended learning experience. Microlearning options work 
most effectively as a retraining tool by targeting specific learners with specific informational updates.20

4.4 Blended learning

Blended learning merges online training with instructor-led training. In this setting, learners gather in an online meeting 
space to interact with the instructor and other students. In addition, the online environment offers the benefits of digital 
courses. Content can be easily downloadable, and portions of the learning experience can be accessed remotely outside 
of the training course meeting time. However, course meeting time, as with traditional instructor-led courses, becomes a 
limitation. Industry 4.0 is a global industrial revolution. Blended learning courses require training participants to meet at 
specific times, which means some learners will be required to attend at inconvenient times.

5. Conclusion

Remaining competitive in the age of 
Industry 4.0 will be measured in how 
well organizations evaluate their 
workforce learning needs, educate 
personnel, and integrate education 
programs into the industry culture. 
Thriving in this technology-driven 
environment requires adapting to the 
rapid changes and advances that 
are reshaping the manufacturing 

industry. A well-trained, adaptable 
workforce ensures the next wave of 
global industrial developments will be 
implemented safely and successfully. 
Without question, learning and 
development is at the core of this 
transition process.

Content developed for a self-paced digital course should follow the principles and knowledge trajectory established by 
Bloom and Merrill so to ensure that learners are enhancing comprehension while maintaining motivation to retain new 
knowledge.
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5.1 Industry 4.0 learning and development 

Corporate perception of training can empower employees to embrace the technological changes that are revolutionizing 
manufacturing processes. As learning and development management teams seek solutions to training problems, they may 
be best served by fueling their professional development programs with a combination of e-learning and blended learning 
strategies. Motivating employees to engage with learning programs and encouraging employees to self-identify as active 
learners within their careers will help to facilitate knowledge acquisition.

Industry 4.0 is a dynamic, robust movement. Learning programs that embrace the technological and data-driven changes 
that are transforming the global industry landscape will position their managers and employees to lead the transition into 
the future of manufacturing.

FIGURE 4: TÜV SÜD AMERICAS ACADEMY INDUSTRY 4.0 LEARNING MODEL

Develop accurate content 
by partnering with industry 

experts.

DEVELOP EMPOWER
Empower learners 
by acknowledging 

they already possess 
knowledge to build upon.

EXPERT CONTENT
Expert content that 

involves solving real-
world probelms related to 
manufacturing processes 
& international standards.

INVOLVE
Involve learners in applying 

new knowledge so to 
integrate knowledge into 

the work environment.
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GLOSSARY OF ACRONYMS
IIOT
ISO
ZPD

LOTS
HOTS

 –Industrial Internet of Things
 – International Organization for Standardization
 – Zone of Proximal Development
 – Lower order thinking skills
 – Higher order thinking skills

ENDNOTES
[1] Werkle, M., Schmidt, M., Dikke, D., & Schwantzer, S. (2015). Case study 4: Technology  
     Enhanced workplace learning. In Responsive Open Learning Environments (pp. 159-184).    
     Springer, Cham.

[2] Ensour, W., Zeglat, D., & Shrafat, F. (2018). Impact of job satisfaction on training       
     motivation. Problems and Perspectives in Management, 16(3), 337-355.

[3] Joseph, B., Deepika, R., Pal, A., Tunks, J., & Mehta, G. (2019). Intrinsic vs. Extrinsic  
     Motivation in an Interactive Engineering Game. Journal of Advances in Computer        
     Engineering and Technology.

[4] Kim, E. J., Park, S., & Kang, H. S. (2019). Support, training readiness and learning          
     motivation in determining intention to transfer. European Journal of Training and   
     Development.

[5] Ibid.

[6] Knowles, M. (1984). Andragogy in Action. San Francisco: Jossey-Bass.

[7] Vygotsky, L. S. (1981). The genesis of higher mental functions In JV Wertsch. The Concept  
     of Activity in Soviet Psychology.-Amonk, New York: ME Sharpe.

[8] Ibid.

[9] Bloom, B. S.; Engelhart, M. D.; Furst, E. J.; Hill, W. H.; Krathwohl, D. R. (1956). Taxonomy  
     of educational objectives: The classification of educational goals. Handbook I: Cognitive  
     domain. New York: David McKay Company.

[10] Merrill, M. D. (2002). First principles of instruction. Educational technology research and  
       Development, 50(3), 43-59.

[11] Ibid.

[12] Ibid.

[13] Ibid.

[14] Serrat, O. (2017). E-Learning and the Workplace. In Knowledge Solutions (pp. 945-953).  
       Springer, Singapore.

[15] Overton, L. (2011, June 27). Benchmarking can help improve learning and development  
       initiatives. HR. 

[16] Merrill, M. D. (2002). First principles of instruction. Educational technology research and  
       Development, 50(3), 43-59.

[17] Pandey, A. (2016, April 11). 5 killer examples: How to use microlearning-based   
       training effectively. [Web log post]. Retrieved from https://elearningindustry.com/5- 
       killerexamples-use-microlearning-based-training-effectively

[18] Fox, A. (2016). Microlearning for effective performance management. TD Magazine,  
       70(4), 116–117.

[19] Emerson, L. C., & Berge, Z. L. (2018). Microlearning: Knowledge management          
       applications and competency-based training in the workplace. Knowledge Management  
       & E-Learning: An International Journal, 10(2), 125-132.

[18] Ibid.

DISCLAIMER
All reasonable measures have been taken to ensure the quality, reliability, and accuracy of the information in the content. However, TÜV SÜD is not responsible for the third-party content 
contained in this publication. TÜV SÜD makes no warranties or representations, expressed or implied, as to the accuracy or completeness of information contained in this publication. 
This publication is intended to provide general information on a particular subject or subjects and is not an exhaustive treatment of such subject(s). Accordingly, the information in this 
publication is not intended to constitute consulting or professional advice or services. If you are seeking advice on any matters relating to information in this publication, you should – 
where appropriate – contact us directly with your specific query or seek advice from qualified professional people. TÜV SÜD ensures that the provision of its services meets independence, 
impartiality and objectivity requirements. The information contained in this publication may not be copied, quoted, or referred to in any other publication or materials without the prior 
written consent of TÜV SÜD. All rights reserved © 2019 TÜV SÜD.

COPYRIGHT NOTICE
The information contained in this document represents the current view of TÜV SÜD on the issues discussed as of the date of publication. Because TÜV SÜD must respond to changing market 
conditions, it should not be interpreted to be a commitment on the part of TÜV SÜD and TÜV SÜD cannot guarantee the accuracy of any information presented after the date of publication.

This White Paper is for informational purposes only. TÜV SÜD makes no warranties, express, implied or statutory, as to the information in this document. Complying with all applicable copyright 
laws is the responsibility of the user. Without limiting the rights under copyright, no part of this document may be reproduced, stored in or introduced into a retrieval system, or transmitted in any 
form or by any means (electronic, mechanical, photocopying, recording, or otherwise), or for any purpose, without the express written permission of TÜV SÜD. TÜV SÜD may have patents, patent 
applications, trademarks, copyrights, or other intellectual property rights covering subject matter in this document. Except as expressly provided in any written license agreement from TÜV SÜD, 
the furnishing of this document does not give you any license to these patents, trademarks, copyrights, or other intellectual property. ANY REPRODUCTION, ADAPTATION OR TRANSLATION OF 
THIS DOCUMENT WITHOUT PRIOR WRITTEN PERMISSION IS PROHIBITED, EXCEPT AS ALLOWED UNDER THE COPYRIGHT LAWS. © TÜV SÜD – 2019 – All rights reserved.

12 Evaluate, Educate, Integrate | TÜV SÜD America



TÜV SÜD | Weathering the Storm 13

Find out more about TÜV SÜD’s 
E-Learning solutions
www.tuvsud.com

https://www.tuv-sud-america.com/us-en/activity/tuev-sued-academy

Choose certainty. Inspire trust. 
TÜV SÜD is a premium quality, safety and sustainability solutions provider that specialises in testing, inspection,
auditing, certification, training and knowledge services. Represented in over 1,000 locations worldwide, we hold
accreditations in Europe, the Americas, the Middle East, Asia and Africa. By delivering objective solutions to our
customers, we add tangible value to businesses, consumers and the environment.

GLOBAL HEADQUARTERS
TÜV SÜD AG
Westendstr. 199
80686 Munich Germany
+49 89 5791 0
www.tuv-sud.com

TÜV SÜD AMERICA 
HEADQUARTERS
TÜV SÜD America Inc.
10 Centennial Drive
Peabody, MA 01960
United States of America
+1 978 573 2500

20
19

 ©
 T

ÜV
 S

ÜD
 A

m
er

ica
 In

c. 
| T

ÜV
 A

M
-M

KG
/A

C/
1.

0/
en

/U
S

http://www.tuvsud.com
https://www.tuv-sud-america.com/us-en/activity/tuev-sued-academy

