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Abstract. Training within Industry was created under World War Il by the
U.S. Department of War, within the War Manpower Commission, to assist de-
fense industries meet the high production output demand from less- or inexperi-
enced labor. It ran from 1940 to 1945, made its way to Japan after the war and
became a foundational component of the Toyota Production System (TPS). TWI
is a well-proven lean education methodology consists of four main modules: Job
Instructions (J1), Job Relations (JR), Job Methods (JM) and Program Develop-
ment. This paper aims to explore combining TWI Job Instructions (JI) module
with extended reality (XR) smart glasses and technologies that may create an
effective and innovative lean education program.

Keywords: Lean, Training Within Industry (TWI), Education, Digitalization,
Industry 4.0.

1 Introduction

Training within Industry, a well-proven lean education methodology, consists of four
main modules and was developed during World War Il by the U.S. Department of War
to assist defense industries meet the high production output demand from less or inex-
perienced labor. A recent study of the impact on the organizations exposed to the TWI
program revealed that companies who had received training had experienced a substan-
tial gain in both productivity and sales year on year [1]. COVID-19 pandemic made
difficult to meet in-person for many. Since March 2020, there has been a surge quest
for remote access technologies [2]. This paper aims to explore combining TWI Job
Instructions (JI) module with extended reality (XR) smart glasses and technologies that
may create an effective and innovative lean education program. Even though TWI was
designed as an in-person teaching method, a digital version of TWI method may remove
the need of travelling to meet in-person and provide some further advantages related to
re-training and onboarding. Conceptual research is exploited as framework and litera-
ture review is used as methodology. The paper is divided into 7 sections. The next sec-
tion provides a theoretical background. Section 3 explains the research method used in
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this paper. Section 4 gives an overview over existing possibilities and examples of the
combination of AR technologies and TWI, while a framework how combination of
TWI and AR may contribute to the new industry era, industry 5.0 and the four concepts
within this framework is suggested in Section 5. Discussions, conclusion, and sugges-
tions for future work are presented in Section 6 and Section 7.

2 Background

2.1 Training Within Industry (TWI)

“If the worker hasn’t learned, the instructor hasn’t taught.” A key tenet to the Job In-
struction method of Training Within Industry (TWI) emphasizes the importance of in-
structor’s responsibility [3]. The TWI Service developed and established in August
1940 by the National Defense Advisory Commission and was eventually placed under
the Federal Security agency as a part of War Manpower Commission During World
War 1l. Allied forces needed significant war supplies and TWI Service assisted war
production industries to meet their manpower needs through a "train-the-trainer" pro-
gram aimed at the supervisor level. Thereby enabling production to keep pace with war
demands [4]. Foundation of the TWI were already laid at the beginning of World War
I in US by Charles R. Allen, a vocational instructor from Massachusetts, when he de-
veloped his four-point method of Preparation, Presentation, Application, and Testing.
The Emergency Fleet Corporation of the United States Shipping Board initiated a train-
ing program to increase the number of shipyard workers to 10 times the current number
and Charles R. Allen’s method was used to train 500,000 people at the shipyards suc-
cessfully [5]. The 4-step method formed the basis for the TWI programs developed over
20 years later.

Developing standardized programs that could meet the unique needs of various busi-
nesses, to neutralize the standard rejoinder that “our business is different”, was a chal-
lenge. To tackle this challenge, TWI explained first the purpose of the different mod-
ules, so-called the “J” programs by describing the five basic needs of supervisors: [6]

Knowledge of the work, Knowledge of responsibilities. Skill in instructing, Skill in
improving methods, Skill in leading. TWI directly addressed the need for skills men-
tioned above through the three J courses: [7] Job Instruction (JI) Training on how to
instruct employees, Job Methods (JM) Training on how to improve job methods, and
Job Relations (JR) Training on how to lead people.

TWI service monitored six hundred companies during the service to measure the
impact. The following percentage of plants reported at least 25% improvement in each
of the following areas: [3]

Table 1. TWI Results in September 1945 [1]

Increased production 86%
Reduced training time 100%
Reduced labor-hours 88%
Reduced scrap 55%

Reduced grievances 100%




Although the Service was disbanded in 1945, millions of people in the USA, Canada,
Great Britain, and Australia had already benefited from the programs and saw oppor-
tunity to share their knowledge with the rest of the world. Many of them formed con-
sulting companies and continued to spread the TWI programs around the world, includ-
ing, Japan, Italy, France, Spain, Belgium, Turkey, Indonesia, New Zealand, Ireland,
Nepal, India, The Netherlands [8, 9]. Among all countries, TWI has indeed had a strong
influence in Japan. Until 1992, TWI usage dropped off in Unites States, while it was
used heavily in Japanese companies. Toyota started to use TWI programs in 1951 and
became the backbone of Toyota’s standardization philosophy [7, 10].

Four steps of Job Instruction

According to Graupp and Wrona [11], showing alone or telling alone to instruct em-
ployees is not effective, even though they are important elements of instructing. Job
Instruction is a method to get a person quickly remember how to do a job, correctly,
safely and conscientiously. [9] Graupp and Wrona [11] claims that the JI 4-Step
Method, when applied properly, can assure a successful training experience every time.
The JI 4-Step Method is illustrated in Figure 1.

 Put the person at ease

* State the job

* Find out what the person already knows

* Get the person interested in the learning job
* Place the person in the correct position

Preparation

* Tell, show and illustrate one Important Step at a time.
* Do it again stressing Key Points
* Do it again stating reasons for Key Points

* Have the person do the job - correct errors

* Have the person explain each Important Step to you as they does the job again
* Have the person explain each Key Point to you as they does the job again

* Have the person explain reasons for Key Points to you as they does the job again

* Put the person on their own

* Designate who the person goes for help

* Check on the person frequently

* Encarouge questions

* Taper off extra coaching and close follow-up

Fig. 1. Four steps of Job Instruction [11]

The first step is about preparing the employee for training. At this step, it is crucial to
make the trainee comfortable, understand the knowledge state of the trainee and create
an interest in the learning job. The second step is where the job is introduced and ex-
plained in detail. This step is where instructor tell, show, and illustrate each important
step at a time and repeat with underlining the Key Points and the reasons for Key Points
again. Third step is the execution step for the trainee. Trainee performs the job and



repeat with explaining Key Points, and then repeat again with the reasons for Key
Points, as the instructor did on the previous step. Finally, on the fourth step, the main
duty of the instructor is auditing the trainee at fixed interval.

2.2 Extended Reality (XR)

The term extended reality (XR) is an umbrella term that often used as a generic expres-
sion covering both augmented reality (AR) and virtual reality (VR) [12]. Milgram’s
Reality-Virtuality Continuum, spans between the real environment and the virtual en-
vironment comprise Augmented Reality and Augmented Virtuality (AV) in between,
locates AR closer to the real world [13].

Augmented Reality (AR) refers to a live view of physical real-world environment
whose elements are merged with augmented computer-generated images creating a
mixed reality [12]. It is a combination of digital information with the real world that is
presented in real-time [13-15]. According to Azuma [14], AR as systems combine real
and virtual, are registered in 3-D and interactive in real time. The concept of augment-
ing the view of the world has mentioned already in 1901 by L. Frank Baum in his novel
“The Master Key” [16]. Even though the concept of AR dates back to the 1950s [17],
AR phrase is considered to have been coined by Tom Caudell and David Mizell in 1990
to describe how the head-mounted displays used by electricians when assembling com-
plicated wiring harnesses worked at Boeing [18]. Augmented Reality (AR) was per-
ceived as science fiction for decades until it had its mainstream breakthrough when 21
million gamers used an AR smartphone game within one week after the release [19]. In
recent years, the advancement of computer technologies motivated researchers to de-
velop new ideas and uses for AR [20].

3 Research method

In this research paper, we adopt a conceptual research framework, as presented by
Crawford [21], wherein research is conducted by observing and analyzing already pre-
sent information. We attempt to establish an argument for the importance of the study,
underline the relationships among who and what will be studied and finally demonstrate
the alignment among concept, trends, and findings with our framework that is presented
in Section 5 [22, 23]. We use secondary qualitative data and literature review as main
research methodology. We developed a literature review in the Google Scholar in the
period 1990 to 2022. The question and sub-questions that guided this review were as
follows: “Is the combination of extended reality and TWI used as a learning/instruc-
tional method?" and from this question: “What type of products/factories mostly benefit
from this combined learning method?”, “What are the advantages of the method based
on gained experiences?”, “What are the disadvantages and/or obstacles based on expe-
riences?”, “What are the trends for TWI and combination of TWI and XR?”

The string used was "training within industry” AND "augmented reality". These
were searched in title, abstract, and keywords for the period from 1990 to the present.



The outcome of this conceptual paper is planned to be tested on a case study after this
paper is published.

4 Findings

Our literature search on Google Scholar gave 51 related results related to “training
within industry” and “augmented reality” while a search on Google with the same
phrases resulted in about 3160 results where most of the results were not related to the
concept of combining them since results were containing two phrases independently.
Date of the articles on the internet indicates a rising trend on virtual training solutions
(not necessarily combined with TWI) in the recent years. This trend may be related
strongly to the COVID-19 pandemic and subsequent workforce disruptions which have
created and/or strengthen challenges in employee recruitment/retention and training
without local presence areas in the industry worldwide. Based on a Manufacturing In-
stitute and Deloitte study, the National Association of Manufacturers estimates that
manufacturers will need to fill 4.6 million jobs by 2028 [24]. Out of this 4.6 million
jobs, the operators are the most flexible part of the production system and they have to
be prepared for increasing complexity [25]. Thus, an effective learning method assisted
with AR technology may contribute to face these challenges.

4.1  Examples from the literature

In our research, we have found many examples of virtual reality (VR) applications
combined with TWI for training purposes in the industry. It is tested and evaluated in
companies in automotive and aerospace industry mainly. Scania in Sddertélje, Sweden
tested and evaluated virtual training based on TWI Job Instruction methods and found
the method promising even though the study did not result in any greater improvements
[26]. Bernhartz and Malis’s [25] study on workflow for virtual training for assembly of
the bogie cross member at Volvo GTO in Tuve Plant in Goteborg, Sweden reveals that
virtual training cannot fully replace the current training practices, but can act as a sup-
port to ease the cognitive load. Numerous use cases, applications indicates that VR
training within industry have been tested out and used widely in the industry. The next
leap in innovative training is incorporating augmented reality where a user can see the
real-world environment around them with an overlay of instruction through an AR de-
vice, including checklist items for a first time student performing a task or allow a sen-
ior technician to provide remote assistance to a less experienced technician [27]. Even
though there are challenges in application, pioneering organizations, such as Amazon,
Facebook, General Electric, Mayo Clinic, and the U.S. Navy, are already implementing
AR and seeing a major impact on quality and productivity [28].

The BMW Group (2019) was the first major company to implement AR into their
assembly employee training. Through AR in assembly training, one tutor becomes ca-
pable of training three trainees with the same outcome quality, instead of one-to-one
teaching. Thus, personnel need for assembly training can get reduced [29].



At Boeing, AR was used to guide trainees through the 50 steps required to assemble
an air-craft wing section involving 30 parts, resulted in 35% reduced time in completion
of work compared to traditional 2-D drawings and documentation. In addition, the num-
ber of trainees with little or no experience who could perform the operation correctly
the first time increased by 90%. Thus, AR training has had a dramatic impact on the
productivity and quality of complex aircraft manufacturing procedures [30].

Newport News Shipbuilding (NNS) was an early adopter of the TWI programs dur-
ing WWII and is now enhancing its effectiveness by coupling TWI principles with aug-
mented reality application coined “Augmented TWI”. Since 2007, they have explored
Augmented Reality as a means to shift away from paper-based documentation in the
work environment [31]. With AR, they can now see the final design superimposed on
the ship, which reduces inspection time by 96%—from 36 hours to just 90 minutes.
Overall, time savings of 25% or more are typical for manufacturing tasks using AR
[28].

Implementation of augmented reality to train unskilled operators on a busbar bend-
ing process resulted in easier achievement of the task [32]. General Electric (GE)
achieved an increase in productivity and efficiency by applying AR [33]. Honeywell
also improved its operator training by implementing AR [32]. DHL’s need for tradi-
tional instructors is reduced while the onboarding speed for new employees is increased
by providing AR real-time training [28]. The TWI Institute announced a partnership
with Dozuki, an industry leader in standard job instruction software. Companies aim to
provide personalized, one-on-one instructions with strong visual guides. Expected out-
come is that learners can use Dozuki guides as references and “memory joggers”, since
they can mirror the Job Instruction Breakdowns used in TWI training [34]. An empirical
analysis from Loch [35] compared video instruction with a screen-based augmented
reality assistance for a LEGO assembly task with 27 steps. Results of the study indicate
a lower completion time, significantly less number of errors and a lower mental work-
load for the students trained by means of the augmented reality application. Finally,
Chen [36] suggests a framework for the application of artificial intelligence (Al) tech-
nology to training and managerial challenges ,which can be applied to the training pro-
cess, including knowledge management (KM), needs analysis, training organization,
and results feedback.

5 Framework for Digital TWI

Use cases and examples from the industry on implementing AR technologies for train-
ing purposes given in Section 3 shows that skill improvement, onboarding processes
may benefit from this technology in many ways. In this section, we suggest a frame-
work for applications of augmented reality assisted TWI, so-called “Digital TWI”. The
framework consists of four concepts are described later in this section: 1) AR-enhanced
Job Instruction - augmented TWI (ATWI), 2) Remote Job Instruction - remote aug-
mented TWI (RTWI), 3) Retraining Job Instruction - assisted with instructor on demand
(RJN), and 4) Self-training Job Instruction - assisted with instructor (SJI).



These suggested concepts differ from each other with their area of usage and the
presence of instructor as shown in Table 2. As mentioned in 1.1, instructor’s responsi-
bility is crucial for a successful training according to TWI. Therefore, each concept
suggested in this framework does include local or remote presence of the instructor,
either all the time, partially or on demand.

Table 2. Digital TWI concepts

Concept Area of usage Instructor presence
AR-enhanced JI onboarding, internal training, retraining  local presence

Remote JI onboarding, internal training, retraining  remote presence

Retraining JI retraining local and/or remote on demand
Self-training JI onboarding, internal training, retraining  local and/or remote partially

5.1 AR-enhanced Job Instruction

This concept is the closest method to the traditional TWI, where instructor and trainee
are physically in the same place. Trainee is equipped with AR/XR smart glasses. Ide-
ally, instructor can control the flow of the content on trainee’s smart glasses. If this is
not possible, it is also sufficient that instructor can see the progress of the trainee on
another screen, or maybe on his own AR glasses. In this way, instructor still controls
the flow of the training while trainee gets visual aids and feedbacks through the AR
smart glasses. Finally, the training session may be recorded. Thus, recorded session
may be used to review the session by going through together with the trainee.

This concept combines the advantages of both TWI method and AR capabilities. The
local presence and guidance of the instructor all the time maintain the most important
element of the training, namely the teacher. The drawback of this concept is that it
requires a presence of an instructor all the time. To overcome this disadvantage, an
instructor may teach more than one trainee simultaneously. However, the efficiency of
training groups should be studied. AR-enhanced JI may be used in any kind of training
at any phase of an employee, from onboarding to retraining.

5.2 Remote JI

This concept is similar to the AR-enhanced JI, with one big difference; the instructor is
not locally present. Ideally, instructor has his/her own AR and can control the flow of
the training remotely. It is advantageous that instructor can also see what the trainee
does and/or see simultaneously. This will give a better picture of the situation of the
trainee to the instructor. Thus, instructor can give better feedback through the training.
Again, group training may be possible, but it is anticipated that it will be even less
efficient than previous method, due to the fact it will be more difficult to have an over-
view of many people at the same time for the instructor remotely.

The most important advantage of this concept is undoubtedly that the instructor and
the trainee does not have to be in the same place. Especially COVID-19 pandemic
showed us recently that industry requires such remote solutions. In some areas it is also
approved that using AR may improve the productivity by decreasing operators’ error



[32]. Like AR-enhanced JI, remote JI may be suitable for any kind of training in a
company at any phase of an employee, including onboarding, internal training, and re-
training.

5.3  Retraining JI

This concept is ideal for an employee that has already been taught by using AR-
enhanced JI or Remote JI as explained above. It requires that the training session is
recorded earlier. If an employee needs to refresh his/her skills, it may be possible to use
this recorded material to retrain the employee. Even though this method may sound like
a traditional video on demand training, there is a still big difference compared that the
training material that was recorded earlier is unique to the employee. Thus, it will be
easier to remember for the employee the training session. As mentioned earlier in this
section, we always chose to include the instructor on any training method suggested in
this framework. For this concept, we suggest that the instructor may be available on-
demand and/or for the final review. Thus, there will be minimal resource need of the
instructor which is the biggest advantage of this concept. As the name implies, this
concept is meant to be used at retraining and refreshing skills cases in the company.

5.4  Self-training JI

This concept is an attempt to generate a more generic (but not full) training material
and method for the employees. Even though TWI underlines that every trainee is
unique, and training should be applied individually, some (or maybe even most) of the
training steps may be common. By generating a generic digital training material which
can be followed with AR glasses, it may be possible to train employees. Partially pres-
ence (either local or remote) of the instructor may ensure personal and unique training.
Finally, it may be also suggested to prepare variations of the training programs so that
the instructor may choose to offer different variations of the training to the trainees.
Similar to Blended Learning [37], self-training JI may also represent some combination
of face-to-face and online (remote) learning. This concept may be suitable for any kind
of training at any phase of an employee and may have an advantage of reducing the
instructor resourced need for training tremendously. However, it requires resource and
investment for generating/supporting training materials.

6 Discussion and conclusion

Section 4 reveals that there many possibilities available by combining TWI method
with AR technologies. In this section, we discuss why JI is only chosen among all TWI
methods, and the maturity and ease-of-use of the method and technology. Finally, we
conclude our paper by summarizing some of the generic advantages and the challenges,
mainly based on literature.

As described in 1.1, TWI service consists of three J courses, namely Job Instruction
(I, Job Methods (JM) and Job Relations (JR). In this paper, we choose to combine



only Job Instruction with AR, due to the following arguments: JI is often the first TWI
method that is used in companies and is the most used method of TWI Service. JI is a
method for effective training and AR solutions are tested/evaluated heavily for training
purposes. Preparation for visual aids/instructions may be very complex for Job Methods
since it may involve heavy technical discussions, etc. and finally, there is minimal need
of visualization for Job Relations.

By looking at JI method and AR technology separately, we can conclude that JI is
an old and well-proven method that was used worldwide. The method is not much in-
development. In most companies that use JI, the original documents from World War
Il are still used. Mostly, the method is adapted, rather than further developed. AR tech-
nologies have been in development and still under development heavily. The technol-
ogy is in use in many companies worldwide. Thus, we may conclude that the technol-
ogy is mature enough to be used on the market. Authors of this paper predict that this
development will continue rapidly and will create new possibilities and features.

It is very crucial that a method and/or technology is easy enough to be accepted by
users. We summarize our conclusions on ease-of use of JI and AR in this section. JI is
based on four simple steps, explained in 1.1.1. The four-step method makes the JI easy
to remember and easy to implement. As an instructor that wants to learn J, it takes only
10 hours session and some practice. JI pocket card eases even more the process, since
they can be carried all the time in case steps are forgotten. AR may be challenging to
use for some at the beginning. As like all other technologies gadget, using AR solutions
may be difficult for some individuals more than others. Thus, training of the technology
use in advance may be required. Updates/changes in hardware/software may create new
challenges, which may require retraining for the technology.

The study also found some advantages of combining TWI and AR, mainly based on
literature and state-of-the-art in the industry. Augmented reality type visualization lev-
elling out performance difference by giving more support to inexperienced workers
than experienced [38]. Despite of advancements in intelligent automation, humans/op-
erators still have an essential role in manufacturing operations [32]. JI can be a resource
intensive process since it requires one person responsible to teach each operator during
learning [39]. Combining it with AR and using the concepts that are suggested in Sec-
tion 4, resource need may be minimalized. Learning the skills to carry out a set of tasks
can only be obtained through learning-by-doing and this learning action should be at
the “Gemba”-the real place instead of in the classroom [40]. AR can provide the infor-
mation right at the workplace [34]. Furthermore, they can be trained step-by-step to a
work process without causing serious damage [41]. Further training or retraining is
useful in order to bring employees back to less frequent process steps as needed [42,
43]. AR training allows location-independent training attuned to the individual learning
curve [37]. Particular errors that are repeated by operator may be eliminated by provid-
ing tailored instructions and repeat the training [28]. Due to the fact that our brain matter
is mostly dedicated to vision (30 to 50% opposed to 10% to touch, and only 3% to
hearing), any visual information is processed seamlessly and unconsciously [44]. Using
AR-enhanced training may provide an effective job instruction method, since it is
mainly driven by visual aids. According to Powell and Reke, lean Production can be
reframed as a learning system and lean thinking is not possible without learning [45,
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46]. Therefore, it is crucial to establish and implement an effective learning method
based on a well-proven lean learning method JI, especially for the companies want to
cultivate a lean culture within their organizations.

There are also some disadvantages and challenges associated with JI and AR. In-
vestment costs of AR technologies can be high. Continuous development of AR digital
materials may be needed. This will add another cost for the training. Support for the
technology may be needed, which adds another cost. AR technology may not be ac-
cepted by some of the users. According to Syberfeldt, Danielsson, Holm, and Wang
[47], key factors to improve the acceptability of AR systems are as follow: 1) Identify
tasks of high enough complex so that the user to feel that it is worth using the AR
system. 2) Ensure improved efficiency so that the user see meaning in using it. 3) Aim
for a perfect system so that imperfections do not create skepticism. 4) Emphasize the
advantages so that the new users of the technology will “buy” it easily. Finally, JI
method may be perceived as outdated, old method, which may decrease the user ac-
ceptance.

Implementing new technologies and methods in an organization may be challenging.
Bernhartz and Malis [25], summarized challenges in virtual training as follow: 1) Usa-
bility — training system should be adapted to the users and be intuitive since users may
have various experience and backgrounds with technology. 2) User acceptance — users
should be engaged already in the development phase to minimize skepticisms. High
acceptance is a key factor for AR technology [47]. 3) Cybersickness — a complex issue
that is hard to prevent, resulting in nausea and headache, especially for VR system. IT
should be evaluated whether this can be a challenge for AR or not.

These challenges may be present for AR-enhances solutions as well. Therefore, it is
beneficial to think about possible countermeasures to overcome these challenges, espe-
cially in designing phase of the training program.

7 Conclusion and suggestions for further research

This paper presents a framework with four main concepts that attempts to combine TWI
Job Instruction method with extended reality technologies. We conclude that it is worth
to empirically validate the concepts in real-world use cases since it can provide an ef-
ficient learning method that increases productivity and operator’s flexibility while it
decreases the cost of training and the operator’s error. For future research, we suggest
an empirical research based on a real-world case. The framework and the concepts that
are introduced in Section 5 may be tested on real use case studies and the results may
be evaluated. Critical success factors for the concepts should also be evaluated.
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