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Abstract 

Logistics processes are strongly affected by automation but due to the prevailing conditions the demand 

for human labor will still remain in intralogistics, in particular in manual order picking. While the results 

of previous research work on learning processes in manual order picking are mainly available in the 

form of learning curves, the present research project focuses on the qualitative dimension of these 

learning processes. Based on current teaching-learning research, suitable learning formats were devel-

oped and consolidated as learning packages for practical use. We have considered a variety of learning 

methods, from enhanced instruction methods common in many companies to the use of modern learn-

ing media such as tablets or Virtual Reality. These can be used in companies today and in the future. 

An extensive study with test persons in a laboratory environment called LernLager (Learning Ware-

house) focused on and optimized those learning packages, looking particularly at four different picking 

technologies: Pick-by-Light, Pick-by-Scan, Pick-by-Voice and Pick-by-Vision. In order to reflect on the 

results of the test persons’ experiments and to prepare transferring the results into practice, hands-on 

experts subsequently discussed the practicability and transferability of the learning packages in work-

shops. 

The results of the research project show that if methodologically and didactically elaborated learning 

formats are adapted to practical situations and target groups, they can significantly promote the learning 

process. At the same time, new employees are motivated to play an active role in the learning process 

and to acquire new knowledge and skills in the long run. 
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1 Background 

Despite continuously increasing possibilities of automation technology in production and distribution lo-

gistics, it is currently not possible to foresee if and when humans as service providers in intralogistics 

will become obsolete, especially in the picking processes. In addition to the high demand for qualified 

personnel in general, companies need to react flexibly to seasonally varying demands and other chal-

lenges. This requires highly effective learning processes for manual order picking using various picking 

technologies. 

In economics, the development of competence acquisition and the resulting increased efficiency in pro-

duction or in the provision of services are often described by means of learning curves. The learning 

effects that are subject to these increases in efficiency or learning curves manifest themselves in time 

and cost savings as well as in better quality of the work results.1 A variety of learning curve models can 

be used to quantify learning effects. 

While learning curves are based on a quantitative approach, learning theories based on psychology of 

learning focus on the qualitative dimension of learning processes. Learning in this context can be un-

derstood as “[...] a relatively permanent change in behavior due to a person’s interaction with their en-

vironment”.2 Consequently, behavioral change is a key indicator of learning. Learning includes the ac-

quisition of new information as well as the modification and reinforcement of both existing knowledge 

and already imprinted behavioral patterns, skills, values and preferences.3 To this end, it is recom-

mended that learning be “[...] transferred to the place where the task is performed [...] and that it be 

viewed in the context of the interplay of the three factors man, technology and organization”.4 

Current literature on organizational psychology discusses the importance of interdependence of individ-

ual learning and organizational context for successfully applying the new skills in everyday practice.5 In 

connection with in-company training and strategic personnel development, learning in the workplace is 

thus becoming increasingly important in the educational debate.6 “Learning processes take place in the 

form of experiences and insights gained [...] in work processes, mostly by examining work requirements 

and executing work tasks [...]”.7 Today, such learning formats based on the field of work are discussed 

and recommended mostly in the field of self-directed or action-oriented learning.8 

This means that in the context of in-company learning, an integrated approach is necessary, combining 

the perspectives of measurable quantitative effects with the qualitative dimension of learning and the 

organizational component. An exclusively behavioristic view of the picking performance development 

with univariate learning curve models ultimately serves to describe learning effects only. It does not 

                                                 
1 Cf. Duane (1964), Hieber (1991), Delaney et al. (1998). 
2 Kauffeld (2010), p. 38. 
3 Cf. March (1991), Fioretti (2011), Schacter et al. (2011). 
4 Petzoldt and Bullinger-Hoffmann (2017), p. 185.  
5 Cf. Rosenstiel (2003), Scharmer (2014), Gairing (2017). 
6 Cf. Dehnbostel (2018). 
7 Senderek et al. (2015), p. 285. 
8 Cf. Kauffeld (2016). 
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answer the question of the didactic and methodological design aspects of learning processes and the 

sensible organizational measures to promote and consolidate learning. With respect to digital transfor-

mation, both the design of learning processes in the form of suitable learning formats and the organiza-

tionally conceived process flow for training new employees are currently gaining particular importance. 

With this in mind the LernLager research project was launched focusing on the following three research 

questions: 

1. Which learning format is particularly suitable for training processes in manual picking? 

2. Which learning format is particularly suitable for a specific picking technology? 

3. Which operational influencing factors and general conditions significantly impact the selection and 

design of a learning format? 

2 Methodology 

In order to understand the research-methodological background, we describe two separate research 

lines that look at the phenomenon of in-company learning from different perspectives. 

On the one hand, the quantitative description of learning progress and, on the other hand, the psycho-

logical approach to learning that focuses on the human being. The LernLager research project brings 

both approaches together and develops a “Mixed Methods Design” for the research approach, in 

which a quantitative study is carried out in a laboratory environment and a qualitative study is carried 

out together with business companies.  

2.1 Research-methodological Background 

“In industrial production, the phenomenon of learning known from psychology [is] predominantly consid-

ered in connection with what is called a learning curve”.9 Learning curves are usually presented as direct 

expenditure in the form of man-hours or production costs per unit, depending on the cumulative produc-

tion quantity. Accordingly, learning is seen as a planning variable to be considered in the context of 

production economics. Psychological approaches to learning, on the other hand, focus on the content-

related, methodological and thus qualitative approach to learning, which today is of particular importance 

in educational research and in-company educational work as part of personnel development.  

How do two such different perspectives of learning in a company come about? Which historical devel-

opments have led to the two different scientific concepts “learning curve theory” and “psychological 

learning theories,” which dominate the respective scientific discourses? 

One explanation for the development of learning curve theories can be seen in the tight dovetailing of 

learning-curve theory and scientific management. In the course of industrialization and the Taylorist 

                                                 
9 Mochty (1996), p. 1074. 
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work concepts, the division of labor was at the forefront. The resulting time savings and learning effects 

are discussed both by Taylor10 and in Wright’s theory of learning curves.11 Both approaches aim to 

increase efficiency and productivity in the production industry. Moreover, Taylor’s industrialization con-

cept promoted the separation of work and learning. The intention is “[...] to rationalize learning in order 

to achieve the best possible performance when executing fragmented actions”.12 Consequently, learn-

ing was moved away from the workplace and learning content was generalized. 

Another influence can be traced back to the paradigms in learning research accepted at the time. Be-

havioral approaches to learning dominated the psychological discourse on learning at the heyday of 

learning-curve theory until about 1960. Later literature on the learning curve also includes cognitivistic 

explanatory models for human learning behavior. For example, cognitivistic information processing is 

applied to the justification of technical or organizational learning.13  

Various studies, such as by Adler and Clark14, Dar-El15, Azizi et al.16 or Lapré17, address the significance 

of various influencing factors on learning curves, such as the motivation of the learner. However, no 

further psychological approaches to learning are considered or even discussed. A comparison of the 

literature dealing with industrial learning-curve theory or learning processes in the production industry 

shows that these often pursue a similar goal. The authors attempt to put knowledge about learning 

curves into mathematical formulas in order to make predictions about learning processes and produc-

tivity. 

In the course of the 20th century and along with the debate on learning curves, however, a different 

approach to learning in the workplace developed, which was mainly due to questioning some of Taylor’s 

assumptions. The change came from the consequences of the Hawthorne research18 and led to the 

“Human Relations movement” in the scientific view of management, which did not first and foremost 

focus on work processes and structures, but on people. The core thesis of this approach is that higher 

job satisfaction among employees increases motivation and thus productivity. Motivation and social re-

lationships play an important role in this concept.19 In Europe in the 1970s, the topic of “humanizing 

work” set in motion the implementation of scientific findings from psychology and occupational science. 

This led not only to topics such as human-oriented leadership, but also made people aware that work 

concepts should promote learning.20  

Following the development histories of learning curve theories and approaches based on psychology of 

learning, one can rightly conclude that two different approaches to learning within business management 

                                                 
10 Cf. Taylor (1911). 
11 Cf. Wright (1936). 
12 Sonntag and Stegmaier (2007), p. 22. 
13 Cf. Henfling (1978), Breit (1985), Hieber (1991). 
14 Cf. Adler and Clark (1991). 
15 Cf. Dar-El (2000). 
16 Cf. Azizi et al. (2010). 
17 Cf. Lapré et al. (2000). 
18 Cf. Roethlisberger and Dickson (1939). 
19 Cf. Bea and Göbel (2010). 
20 Cf. Sonntag and Stegmaier (2007). 
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have developed in parallel, if not in almost isolated ways: On the one hand, the quantitative access via 

the learning-curve theory, which still dominates production-economical research and doctrines today. 

On the other hand, a qualitative view on learning, which places peoples’ individual behavior and actions 

in the foreground and focuses on questions concerning the design of professional learning processes. 

It thus represents the key for company personnel and training efforts. 

2.2 Research Design: Mixed Methods Design 

The LernLager research project continues the tradition of the business-management view of learning in 

the sense of learning-curve theory. However, the investigation focuses on the qualitative view of the 

learning process in manual picking in the form of the methodological and didactic design of a learning 

arrangement and in the sense of psychological learning theories. Therefore, the project investigates 

learning processes in order to gain insights into the approaches for optimizing learning processes in 

manual order picking. 

In order to investigate the research question for relevant success criteria focusing on successful learning 

concepts in manual order picking, the LernLager research project deliberately relied on an empirical 

Mixed Methods Design.  

Quantitative and qualitative methods are based on different research models: Quantitative research 

generally intends to examine research questions determined in advance, and statistical evidence is 

sought in this context. Qualitative research, on the other hand, serves to explore the actors’ subjective 

perspectives, which requires an open and more explorative approach. 

Through a combination of quantitative and qualitative research, possible limitations of one methodolog-

ical tradition can be offset by methods of the other tradition. For example, quantitative data can be 

supplemented by a qualitative survey in order to reflect and interpret the quantitative data from the point 

of view of the actors concerned. The present study follows this approach of a Mixed Methods Design in 

the form of what is called the “in-depth model”.21 

Accordingly, at the beginning of the research process, there is a quantitative study with a larger sample, 

i.e. the test person experiments in the LernLager laboratory. The data from this study is then evaluated 

quantitatively. This is followed by a qualitative study, i.e. the reflection workshops with practically expe-

rienced picking experts, which helps to better interpret the quantitative material at hand. The qualitative 

study serves to enhance the results of the quantitative study, and to differentiate them on the basis of 

hands-on assessments. The following sections describe these two methodological approaches in detail. 

                                                 
21 Cf. Moschner and Anschütz (2010). 
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2.3 Quantitative Study through Systematic Investigations in the LernLager Laboratory 

In the quantitative study, different learning formats were tested under laboratory conditions. In a learning 

phase, each respondent first learns the picking process and a picking technology using a specific learn-

ing format and then carries out a picking process with a standard order data record. In addition to the 

training time, the learning results were measured using the parameters picking performance (time) and 

picking quality (errors). 

In order to investigate the learning benefit, meaningful learning formats were consolidated in three learn-

ing packages during the training phase. They differ in their methodological and didactic design and 

represent different learning arrangements of in-company training. Each learning package has basic 

methodological building blocks, but is adapted to the combined use with the respective order picking 

technology. 

Learning package CAPT 

The CAPT learning package extends the traditional instruction method “cognitive apprenticeship” (CA) 

and combines it with a peer-tutoring method (PT). The learning method Cognitive Apprenticeship is 

based on the traditional instruction method (master-apprentice principle) and the application-oriented 

mediation and learning processes between “experts” and “novices”.22 Beyond the pure transfer of 

knowledge, cognitive apprenticeship in the course of learning aims at the development of an expert-like 

action competence allowing learners to independently develop solution strategies.23 

In the CAPT learning package, consisting of four learning phases, a training process is initially used to 

introduce two learners to the work of manual order picking and the functioning of the respective picking 

technology. In the first learning phase, the trainer processes and explains a picking order as well as the 

picking technology. In the second learning phase, one of the two learners processes and explains a 

picking order. This second phase is accompanied by the trainer and the second learner. In the subse-

quent peer tutoring, the two learners act as a learning team, largely without trainers, and in the third and 

fourth learning phases, they alternately process picking orders using the respective picking technology. 

This cooperative instructional learning activity between the peers leads to intensive and active dealing 

with the learning task. Mutual explaining and mediating as well as joint solving of problems also promote 

the social competence of learners.24 

Learning package E-Learning 

The second learning package was designed in the form of an E-Learning application to test a standard-

ized learning process for manual picking, which was accompanied by digital learning media. The devel-

oped E-Learning application was provided on a tablet and consisted of two modules, each with final 

success controls. In the first module, the learner was given theoretical access to the work area and to 

                                                 
22 Cf. Kauffeld (2016). 
23 Cf. Sonntag and Stegmaier (2007). 
24 Cf. Robinson et al. (2005), Büttner et al. (URL). 
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important basic concepts of manual order picking through a partially animated lesson with sound. In the 

second module, the learner acted directly in the warehouse with the learning medium tablet and learned 

the specific work steps of manual picking and the application of the respective picking technology in a 

hands-on way. 

Learning package Virtual Reality 

The use of Virtual and Augmented Realities can enable innovative application scenarios for educational 

processes.25 With this in mind, the use of virtual learning processes for intralogistics was developed and 

tested in the form of a learning package. The didactic concept was based on two learning modules as 

well as on the technical development and availability of a virtual warehouse. In the beginning, movement 

and action with Virtual Reality technology were trained in the first learning module. The trainee was able 

to gain first experiences and train movement sequences. For this purpose, the participant acted in a 

virtual practice room. A “real” trainer was available for support and accompanied the entire learning 

process on a separate screen. In the second learning module, the learner acted in a virtually designed 

picking warehouse that contained all the essential objects required for picking. Written instructions con-

veyed the picking process and the functioning of the picking technology, and the learner then carried 

out individual picking orders. 

LernLager Laboratory 

The laboratory for testing and investigating the learning packages comprised three picking aisles with 

approximately 1,000 storage locations on a picking area of about 120 m2. The provisioning of articles 

took place locally and statically in the form of person-to-goods picking. The order picker moved to the 

prepared goods in a linear motion. A picking trolley was used as picking aid. 

After the training phase, i.e. during the picking phase, each test person processed 18 picking orders 

with a total of 63 order positions using one of the following previously learned picking technologies: 

 Pick-by-Light (single-order picking) 

 Pick-by-Scan (multi-order picking) 

 Pick-by-Voice (multi-order picking) 

 Pick-by-Vision, using a finger scanner (multi-order picking) 

Unlike the CAPT and E-Learning learning packages, the Virtual Reality learning package is tested on 

two selected picking technologies. The focus was on the question to what extent virtual-learning appli-

cations are practicable for the operational learning process in times of learning digitization. 

                                                 
25 Cf. Zobel et al. (2018). 
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2.4 Qualitative Study through Reflection Workshops with Practicing Experts 

In the second research step, the learning packages used in the LernLager laboratory were presented to 

representatives from two companies in the consumer goods and logistics services sectors and then 

reflected in the form of group discussions. In this step, it was relevant to offer access to the actual target 

group, i.e. the order pickers. This access was enhanced by interviews with managers in order to guar-

antee a holistic view. The goal of these four reflection workshops was to collect data in order to find 

better and more differentiated interpretations of the available quantitative material, based on the per-

spective of order pickers and practicing experts. In addition, these practical assessments were expected 

to point out other expected and unexpected effects and the potential for transferring the results of the 

quantitative study. 

In the reflection workshop, the group discussions were evaluated on the basis of qualitative content 

analysis,26 which was accompanied by a semi-standardized interview guideline. 

The interviews were evaluated with respect to the following categories: 

 Assessment of the learning packages 

 Utilization potential in the company 

 Fitting accuracy with the target group of order pickers 

 Virtual Reality as an innovative learning method 

3   Outcomes 

We are presenting the outcomes of the “Mixed Methods Design” implementation. On the one hand, the 

laboratory tests for each picking technology can be described separately, based on evaluating the three 

parameters training time, picking time and position error rate for each learning package used. On the 

other hand, we systematically present the practical reflection workshop assessments with the two in-

dustry partners, for order pickers as well as managers, across the four relevant categories described 

above. 

3.1   Outcomes of the Systematic Investigations in the LernLager Laboratory 

In order to assess the systematic investigations, we have determined parameters for evaluating the 

quantitative dimensions of learning processes in manual order picking. For each of the four picking 

technologies, Figure 1 shows a diagram with the parameters training time, picking time and position 

error rate. 

 

                                                 
26 Cf. Mayring (2015), Lamnek and Krell (2016). 
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Training time 

The parameter “training time” describes the time span from the beginning to the end of the actual learn-

ing process. The parameter was collected manually by the test director. The welcoming of the test sub-

ject by the test director and the general introduction to the test procedure were not included in the train-

ing time. For the CAPT learning package, the training time for the entire learning process was recorded. 

Due to the simultaneous training of two test persons, the CAPT training time has been divided by two 

for evaluation. 

Picking time 

The picking time per order is the time required to complete picking an individual order. It is made up of 

the base time per order as well as the handling, dead and travel times per order position. 

 

In order to determine the effects of the learning processes over a longer picking period, the LernLager 

project defines picking time as the sum of the picking times of all 18 customer orders. 

Position error rate 

The position error rate is defined as the ratio of the number of incorrectly processed order positions in 

a test series to the total number of processed order positions in a test series. It is calculated as 

follows: 

𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑒𝑟𝑟𝑜𝑟 𝑟𝑎𝑡𝑒 𝑖𝑛 % =
∑ 𝑖𝑛𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑜𝑟𝑑𝑒𝑟 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑠 𝑖𝑛 𝑎 𝑡𝑒𝑠𝑡 𝑠𝑒𝑟𝑖𝑒𝑠 𝑥 100

∑ 𝑜𝑟𝑑𝑒𝑟 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑠 𝑖𝑛 𝑎 𝑡𝑒𝑠𝑡 𝑠𝑒𝑟𝑖𝑒𝑠
 

The position errors of each test person are manually recorded by the test director after completion of 

the test sequence. The position errors include quantity, omission, type and storage errors. In the error 

evaluation, any storage errors detected in multi-order picking are counted as two position errors because 

they yield two incorrect customer orders. In the LernLager, a total of 124 test persons first learned how 

to pick and then applied their new skills in the picking phase. For each parameter of a learning package, 

the mean value was calculated for all test persons and then presented separately for each picking tech-

nology (see Figure 1). The results were determined for all learning packages in the test series of at least 

12 test persons. 
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Figure 1: Error-time diagrams for the four picking technologies.
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Pick-by-Light 

With 3:55 minutes, the Pick-by-Light picking technology with single-order picking shows the shortest 

training time per person in the CAPT learning package. The E-Learning learning package (21:48 

minutes) has a significantly longer training time per person compared to CAPT. 

The picking times for both learning packages are in a similar range. The E-Learning learning package 

has a slightly shorter picking time of 21:58 compared to 22:46 minutes for CAPT. 

The position error rates of the two learning packages are below the 1% threshold. The ELearning learn-

ing package has the lowest position error rate (0.24%). The error rate of the CAPT learning package is 

more than twice as high (0.57%). 

Pick-by-Scan 

For the Pick-by-Scan picking technology with single-order picking, the CAPT learning package has the 

shortest training time per person (5:18 minutes). For the E-Learning learning package, we find a signif-

icantly longer training time of 26:11 minutes. 

The picking times of the learning packages are very similar. For example, the CAPT learning package 

has a slightly shorter picking time than the E-Learning learning package (33:02 vs. 33:36 minutes). 

The position error rate of both learning packages is below 3%. In the E-Learning learning package, a 

position error rate of 1.46% occurred, compared to a position error rate of 2.51% with CAPT. 

Pick-by-Voice 

For the Pick-by-Voice picking technology with multi-order picking, the CAPT learning package has the 

shortest training time per person of 4:57 minutes. The E-Learning training method requires a significantly 

longer training time of 24:36 minutes for Pick-by-Voice. 

The E-Learning learning package has the best picking time with 33:35 minutes compared to CAPT with 

40:35 minutes. The position error rates of the two learning packages are below the 1% limit. In the E-

Learning learning package, no position errors occurred during the picking phase. The CAPT learning 

package also shows a low position error rate of 0.66%. 

Pick-by-Vision 

For the Pick-by-Vision picking technology with multi-order picking, the CAPT learning package has the 

shortest training time per person (6:06 minutes). E-Learning requires a significantly longer training time 

of 24:58 minutes. 

With 32:35 minutes, the CAPT learning package ranks best in picking time. The E-Learning learning 

package, on the other hand, has a picking time of 35:24 minutes. The position error rates of all learning 
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packages come in below 2%. The E-Learning learning package shows a position error rate of 1.19%, 

compared to 1.46% for the CAPT learning package. 

Virtual Reality as a special case 

The Virtual Reality learning package was used as a special case for the picking technologies Pick-by-

Light and Pick-by-Voice. With the Virtual Reality learning package, the picking technology Pick-by-Light 

with single-order picking achieves a training time of 17:20 minutes and is thus located between the 

training times of the CAPT learning package (3:55 minutes) and E-Learning learning package (21:48 

minutes). 

The picking time for the Virtual Reality learning package (23:14 minutes) is in a similar range as for the 

other learning packages (CAPT: 22:46 minutes / E-Learning: 21:58 minutes). 

At 0.49%, the position error rate of Virtual Reality is located between the other two learning packages 

(CAPT: 0.57% / E-Learning: 0.24%). 

With the Virtual Reality learning package, the picking technology Pick-by-Voice with multi-order picking 

shows a training time of 18:15 minutes and is thus located between the two training times of the CAPT 

learning package (4:57 minutes) and E-Learning learning package (24:36 minutes). 

The picking time for the Virtual Reality learning package (35:44 minutes) is in a similar range as for the 

other learning packages (CAPT: 40:35 minutes / E-Learning: 33:35 minutes). 

At 0.26%, the position error rate of Virtual Reality comes in between the other two learning packages 

(CAPT: 0.66% / E-Learning: 0%). 

3.2   Results of Reflection Workshops with Practicing Experts 

3.2.1 Evaluation of the Workshops – Order Pickers 

In this section, we present the results of the workshops with the order pickers. 

Assessment of the learning packages 

All learning packages were generally assessed by the order pickers as feasible and as suitable for 

practice. In their assessments, the order pickers also emphasized that the learning packages should be 

embedded in a human-centered learning setting. After a first training phase, very specific questions may 

sometimes arise, which can be answered more flexibly by a contact person. 

The order pickers pointed out the great importance of language in the learning process. In their opinion, 

complex facts are better understood in a person’s mother tongue and can subsequently be elaborated 

in the German language in practice. Also, written instructions may lead to a similar improvement in the 

learning process. Reading instructions may help new employees with native languages other than Ger-

man more than verbal or auditory communication only. Learners may be able to more effectively pick 
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up and understand facts at their own pace and in a self-directed manner. As a result, the E-Learning 

application in particular is seen as a useful tool for teaching employees with a mother tongue other than 

German. 

In addition, the pickers found it very important to get to know the field of work before their first work day 

or the start of training. The pickers explained this by the fact that potential employees can better decide 

at an early stage whether they really want to work in the picking department. This might prevent em-

ployees from deciding against this field of work after a training phase and leaving the company again. 

Other positive effects, as seen by the pickers, are competence development and reduction of training 

time in practice after receiving a solid preparation. 

Therefore, some respondents advocated training through Virtual Reality or E-Learning, combined with 

a subsequent training phase in the company, e.g. through CAPT. If new employees with previous 

knowledge and skills are trained in practice, previously learned theoretical matters may be memorized 

better, which is another advantage. 

Utilization potential in the company 

In addition to the general application options described above, the respondents cite a number of other 

application scenarios for the learning packages presented. For example, the CAPT and E-Learning 

learning packages could be used for training in the field of transporting conveyors, in particular for forklift 

trucks and high-speed machines. 

Fitting accuracy with the target group of order pickers 

The order pickers see it as part of their duty toward employers to be open to new learning methods. It 

should be noted that older employees might be less motivated to learn in general and more reluctant to 

learn new picking processes or technologies. Basically, the idea prevails, however, that the training 

methods used are suitable for the colleagues because employees should be open to new training for-

mats. A particularity of employees in manual order picking is the large variety of native languages other 

than German, leading to difficulties when communicating information in German. As described before, 

the workshop participants therefore particularly emphasized the E-Learning learning package in a pos-

itive way. 

Virtual Reality as an innovative learning method 

The order pickers looked at Virtual Reality as a training method in a very positive way. Many order 

pickers considered learning with Virtual Reality as a method that could represent the future of learning. 

This insight also correlates with employee loyalty and their required openness to new learning technol-

ogies, as previously described. Currently, respondents consider the lack of technology and a possibly 

low media competence of the employees as an issue. They emphasize the application’s game charac-

ter, which could have a motivating effect especially on employees who like gaming. Some consider 

Virtual Reality as an opportunity for company branding in order to attract new employees. 
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3.2.2 Evaluation of the Workshops – Managers 

This section presents the results of the manager workshops. 

Assessment of the learning packages 

The presented learning packages were generally well received by the respondents. They consider 

CAPT as a simple learning package, which can be implemented easily and directly. Some companies 

already train in a similar way. Similar to the order pickers, the managers interviewed expressed that in 

some work areas, such as manual order picking with forklift trucks, a 1:1 training method is preferable 

to the simultaneous training of two employees. Safety aspects also play a role in the decision against 

CAPT in some areas. The respondents also confirmed the importance of direct personal contact in the 

training phase. Respondents from both companies therefore suggested a combination of learning sup-

port (by a trainer or similar) with a technical learning medium, such as E-Learning or Virtual Reality. This 

kind of learning support is able to react flexibly to questions from a new employee and also to better 

support the employee’s familiarization phase after the training phase. In addition, the interviewees 

pointed out that training represents an integration phase in the company as well. Again, they did not 

want to do without another employee as a trainer. The interviewees named the didactic training of such 

trainers (train-the-trainer) as an important prerequisite. 

Utilization potential in the company 

Overall, the E-Learning application was considered to have a high utilization potential in the company. 

The respondents of the consumer-goods manufacturer saw this as an opportunity to enhance parts of 

the training process using electronic learning media. The respondents of the logistics service provider 

saw the application as an enhancement of the company-internal learning-management system. As a 

reason for this, they mentioned the flexible use of such an application in idle times and the possibility of 

monitoring success. 

As specific application scenarios for E-Learning in manual order picking, they highlighted the initial brief-

ing, mediation of change processes and implementation of aptitude assessments. Furthermore, all re-

spondents could imagine using the listed learning packages in other intralogistics work areas as well. 

Again, the combination of human-centered and electronic learning is considered a prerequisite. Imple-

mentation examples mentioned include safety trainings through E-Learning and the introduction to op-

erating a forklift truck through Virtual Reality. 

In the group interviews, respondents repeatedly highlighted the cost-benefit issue of the ELearning and 

Virtual Reality learning packages presented. The interviewees were aware that these learning packages 

might require a great deal of effort for the companies. In the field of manual order picking, there is still a 

lack of well-founded scientific knowledge as to whether this effort will eventually translate into added 

value with respect to learning success. 
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Virtual Reality as an innovative learning method 

Respondents evaluated the use of Virtual Reality as an innovative learning method in a variety of ways. 

They mostly saw its benefits in the practical illustration of work processes and “practicing without con-

sequences.” Furthermore, such a method could be used after an initial training phase. It is conceivable 

to train the quality awareness of the employees through practical scenarios in the virtual environment. 

As previously mentioned, the respondents considered the high development effort of Virtual Reality 

technology as a disadvantage. They saw young and game-oriented order pickers as the main target 

group. The managers were reluctant to use Virtual Reality as the main training method for current em-

ployees. Particularly, the logistics service provider considered Virtual Reality as a future learning method 

and underlined its branding effect for employee recruitment. Consequently, they are currently testing 

pilot applications for this technology. 

4 Interpretation and Discussion 

On the one hand, this chapter looks at the results of the previous chapter and interprets them with regard 

to each individual method, separating the laboratory experiments with test persons from the reflection 

workshops with the business partners. On the other hand, however, an important added value results 

from the chosen method design. In a separate section, we bring together the lines of interpretation and 

discuss them as a whole. 

4.1   Interpretation of the Results from the Systematic Studies in the LernLager Laboratory 

In order to evaluate the research results, we consider and interpret all ten research series with regard 

to the main research areas. The first research question is: 

 Which learning format is particularly suitable for training processes in manual order picking? 

Considering the parameters training time, picking time and position error rate, no specific learning pack-

age can be identified as the most suitable for the learning process in manual picking. Taking the respec-

tive picking technologies into consideration, we look at the study series from the perspective of the 

second research question, which is: 

 Which learning format is particularly suitable for a specific picking technology? 

The results show that we cannot identify a specific learning package as the best in training time, picking 

time and position error rate for any of the picking technologies (see Figure 1). But by comparing the 

learning packages E-Learning and CAPT, we can further interpret the parameters for each picking tech-

nology. Additionally, we need to qualitatively evaluate them according to the organizational, didactic and 

resource-related characteristics of the learning packages. 
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Comparison of learning formats with regard to training time 

For the training of test persons, E-Learning takes about four to five times longer than CAPT. 

Based on a purely quantitative point of view, the CAPT learning package seems a more suitable learning 

package at first. CAPT can be expected to require more personnel and time than E-Learning in the 

training phase, depending on the number of trainers and their efforts. ELearning, on the other hand, 

involves a largely self-directed learning process, which can be supplemented in a meaningful way by a 

trainer as needed. 

Comparison of learning formats with regard to picking time 

When considering picking times, no learning package clearly dominates for Pick-by-Scan and Pick-by-

Light because they only differ by less than 5%. For Pick-by-Voice, E-Learning requires a 17% shorter 

picking time compared to CAPT. For Pick-by-Vision, however, the picking time for E-Learning is 9% 

higher than for CAPT. From a purely quantitative point of view based on picking time, initial training with 

E-Learning as a picking technology can be recommended for Pick-by-Voice and with CAPT as a picking 

technology for Pick-by-Vision. Once again, qualitative characteristics should be considered as well. The 

alternating learning process in the CAPT learning package allows the learners to start building up their 

relationships as colleagues during the training phase. They can later make use of such relationships 

when difficulties come up during the picking process, which, in turn, may considerably reduce problem-

solving times. In the case of training based on E-Learning, however, this can be achieved through em-

ployee integration as well. 

Comparison of learning formats with regard to position error rate 

When considering the picking position error rate, and from a quantitative point of view, initial training 

with E-Learning is less prone to errors than with CAPT. Starting with a significantly lower error rate for 

Pick-by-Vision, it decreases even further and is reduced by almost half for Pick-by-Light and Pick-by-

Scan. The picking technology Pick-by-Voice even shows a picking position error rate of 0% when E-

Learning is used, compared to 0.66% for CAPT. From a qualitative point of view, it should be added that 

both learning packages are able to teach the learners how to avoid typical error sources in manual 

picking. As the training content to be used for E-Learning lessons is rather rigid, however, a suitable 

and limited pre-selection of error sources to be trained must be made. In the CAPT learning package, it 

is possible to react dynamically when sources of errors come up, to respond to specific questions by 

the test persons and to recognize and correct the occurrence of processing errors directly and accord-

ingly. 

Comparison of the parameters for the Virtual Reality learning package 

For the Pick-by-Light picking technology, the Virtual Reality learning package comes out between CAPT 

and E-Learning in terms of training time and position error rate. However, the picking time is highest 

with Virtual Reality. 
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For the Pick-by-Voice picking technology, Virtual Reality comes out between CAPT and ELearning in 

all evaluated parameters. For example, the Virtual Reality learning package provides longer training 

times than the CAPT learning package, but shows a lower position error rate in turn. Compared to E-

Learning, the training time is shorter but the position error rate is higher. Therefore, we cannot make a 

clear statement for the Virtual Reality learning package overall. As a digital learning format, however, it 

offers fundamental benefits over classic learning methods. 

In addition to the findings as described above concerning the two research questions, further character-

istics have to be considered when selecting the learning packages. 

Considerations with respect to the individual learner 

Successful training should be designed with a focus on each learner. As far as learning methodology is 

concerned, CAPT employs a very trainer-related learning approach. In turn, ELearning focuses more 

on self-directed learning. CAPT requires much lower media skills. ELearning, on the other hand, requires 

basic understanding of touch-controlled devices. Media-skill requirements and learning methodology 

have to be aligned with the target group for manual order picking depending on the staff composition. 

Consideration of the company resources 

Fundamental decisions for learning formats have to be made with the available resources in mind. Es-

sentially, the costs of creation, implementation, deployment and quality management have to be con-

sidered. Designing and training a CAPT learning package will require fewer resources than the profes-

sional design and technical equipment of an E-Learning application. On the other hand, the implemen-

tation of CAPT requires more staff resources, while the ELearning learning package is based on self-

directed learning and only temporarily requires additional support by a human trainer. In the case of the 

CAPT learning package, poor evaluation results or changes in the picking process may lead to costs for 

long-term quality management measures, which can be decreased through retraining the trainers. In 

comparison, updating an E-Learning application will typically lead to higher costs. When a company 

decides on a learning package, it is necessary to analyze the required internal and external resources 

and their individual importance. 

Consideration of the company learning culture 

The decision to use digital or non-digital learning formats (E-Learning or CAPT) should be made reflect-

ing the company-specific demands on learning process design and personnel development. The com-

pany should also take into account how sustainable and future-proof a particular training format is. We 

can safely assume a higher degree of standardization in ELearning applications. This guarantees a 

constant and long-term knowledge transfer and the acquisition of competences by the employees after 

an initial training phase. For the CAPT learning package, consistent quality depends on the trainer’s 

skills. Appropriate guidelines may enhance the quality of knowledge transfer in this case as well. 

Digital learning applications offer additional possibilities for training in manual order picking. With an eye 

on multilingual personnel, companies may consider using simple language or the respective mother 
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tongue if possible. In the future, the learning environment may be enhanced with digital learning appli-

cations such as E-Learning, allowing applicants to acquaint themselves with the work environment or 

E-Learning applications to function as a reference. 

4.2   Interpretation of the Results from the Reflection Workshops with Practicing Experts 

In the group discussions during the reflection workshops, industry experts confirmed the potential of the 

learning packages considered. In addition, they provided clear indications for answering the third re-

search question, which focuses on the operational influencing factors and general parameters for se-

lecting and designing a learning format. 

The survey with the practice experts results in the key statements listed below: 

 All learning packages conceived within this project are suitable for implementation in practice. 

 The concrete company situation including all relevant influencing factors and general parameters (in 

particular corporate strategy, IT and ERP concepts, order picking technology and personnel devel-

opment) drives the selection and applicability of any learning package at hand. 

 Optimization of training processes in manual order picking must not be limited to the selection and 

use of learning packages. The key conditions mentioned before must be analyzed and considered 

in order to ensure a holistic and goal-oriented learning and integration process in the company. 

 Due to the multinational, multicultural and multilingual background of new employee candidates in 

manual order picking, focusing on the learner’s native language represents a significant success 

factor for the learning process. If possible, the practical implementation of any learning package 

should be configured accordingly. 

 Employees in manual order picking are open to new forms of training and welcome technically de-

manding digital learning media, among others, as possible learning formats. 

 Decisions for the development and implementation of new training formats should try to close the 

gap between financial and time resources on the one hand and feasible learning outcomes via the 

targeted training strategies on the other. It is therefore essential to perform solid cost-benefit planning 

as well as, relevant argumentation and accurate communication with the operational decision mak-

ers. 

From industry experts’ perspective, there is neither a final recommendation for any specific learning 

package nor a ranking. Instead, they consider all three basic qualification formats (or even possible 

hybrid forms) as helpful because of the following facts: 

 They are soundly conceived in terms of didactics and represent the state of the art in learning psy-

chology. 

 They ensure a systematic and structured approach. 

 They appropriately evaluate the personnel policy topic “initial training process” and claim the required 

attention and support from management. 
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4.3   Integration and Discussion  

The research-methodological design in the LernLager project is based on two empirical formats: the 

empirical surveys in the LernLager laboratory and the workshops with warehouse managers and order 

pickers. 

The results of the quantitative study in the LernLager laboratory show no significant correlation between 

a specific picking technology on the one hand and a specific learning format on the other. Rather, each 

learning package has specific advantages and disadvantages depending on the order picking technol-

ogy. However, this does not allow us to clearly evaluate the learning formats used with respect to qual-

ification or differentiation. In contrast, however, it became clear both in the quantitative laboratory study 

and in the qualitative workshop surveys that a conscious, well-crafted and didactically sound learning-

formats design will significantly contribute to new employees’ successful initial training. 

From the statements of the workshop participants, we can conclude that systematically designed learn-

ing concepts – whether in classic interaction format or in digital form – are of great benefit. Systematic 

learning concepts are therefore both effective and efficient: They effectively fulfill the goal of “gaining 

qualified and functionally deployable employees” and they use the tools for achieving the desired results 

in an economically efficient way. This is neither surprising nor new. The effectiveness of integrated 

learning processes in practical work environments has been proved sufficiently.27 However, the hands-

on experts confirm that this insight has not yet been implemented consistently in practice. Rather, there 

seems to be a general lack of standardized and systematic approaches to training in picking that employ 

both a didactically elaborated concept and appropriately qualified trainers. In most cases, initial training 

is carried out with rather simple and pragmatic forms of instruction by more experienced employees. 

Success thus depends very much on the situational setting and the individual skill teaching competence 

of the actors involved. 

Nevertheless, the industry experts are convinced that training can produce consistent and solid learning 

results independently of the persons involved if the training process follows a systematic structure, in-

volves recurring process loops and employs a variety of implementation technologies. The two digital 

learning packages “E-Learning” and “learning with Virtual Reality” are particularly important in this re-

spect. The test persons used these digital formats with interest and good results in the LernLager labor-

atory, and the experts evaluated them as important learning formats for the future. The possibility of 

self-guided learning as well as the design and determination of the learning pace through autonomous 

recapitulation and repetition are particularly helpful. Due to mostly multi-national staff structures in man-

ual order picking, it may be of great advantage to translate the digital learning formats into different 

languages provided cost and effort are reasonable. This offers applicants the opportunity to learn the 

essential activities of manual order picking in their mother tongue. 

                                                 
27 Cf. Sonntag and Stegmaier (2007), Moltzberger et al. (2008), Dehnbostel (2018). 
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An essential finding from the workshops is that for the time being, companies should use a professional 

and reasonably sophisticated learning concept for their employee trainings, which should also be tai-

lored to their needs, i.e. easily scalable. In addition to the implementation of an elaborate training con-

cept, it is of particular importance that the training of industrial employees receives more attention. Con-

sequently, the qualification and personnel development of this group of employees has to be included 

in the HR policy portfolio. In general, employees in manual order picking are rather low-skilled workers. 

However, the development and qualification of such workers is still given a low priority in many cases.28 

It is therefore important to focus on qualification programs for the low-skilled, particularly in a situation 

of general shortage of skilled workers. 

In addition, systematic and standardized training concepts have the great advantage that they can be 

reproduced at any time, i.e. they can be carried out at different times at different locations by different 

actors in a largely uniform way. 

The two digital learning formats used in the research project, E-Learning and Virtual Reality, offer a 

special opportunity. In an elaborated future version, these formats may even be implemented without 

trainers and instructors. This would give the trainee the opportunity to learn independently of the place 

of work and to partly or completely use the learning program outside of the company. On the one hand, 

such learning packages could be used to realistically provide job information to interested parties, and 

the company could use them to preselect applicants.  

On the other hand, the applicants’ subjective assessment may help them decide whether the task fits 

well with their own expectations and offer them a first and serious motivation test. At the same time, this 

would be a sensible kind of preselection because it could reduce the dropout rate of applicants at a later 

stage in the recruitment process, which may help to avoid significant investments in personnel recruit-

ment. In addition, the use of digital learning formats may help to partially decouple the learning process 

from the corporate environment. This offers the possibility to introduce essential learning topics – such 

as specialist knowledge, background information, general work environment conditions, etc. – either 

before their actual implementation in practice or at the same time as the in-company hands-on training. 

In addition, digital learning formats offer the best prerequisites for digital learning in today’s digitization 

context.29 Offered via digital learning platforms, they promote self-directed and self-responsible learning 

as well as competent dealing with digital work structures. Both are core competencies for the digital 

transformation process and are thus placed in the very center of the current digital education offensive. 

5   Conclusions 

Even though digitalization will significantly change the work processes in production and distribution 

logistics, humans will still be needed in intralogistics in the future. In particular, manual order picking will 

still be characterized by manual activities in the future, mostly due to its low investment costs and high 

                                                 
28 Cf. Klein and Schöpper-Grabe (URL). 
29 Cf. KPMG (URL), Dehnbostel (URL).  
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flexibility. However, all industrial work processes, including logistics, must adapt to possibly turbulent 

changes due to globalization, digitization and demographic change, and find effective answers to those 

challenges. With this respect, employee qualification and motivation represent key success factors be-

cause they are the main prerequisites for productivity, flexibility and innovative ability. This is why the 

design of effective and sustainable learning processes in manual order picking is very important. 

A systematic and elaborate training and learning concept can significantly help to ensure that employees 

will quickly master their area of expertise, integrate socially into a team or department and identify with 

the company.30 Consequently, a concept for training new employees should always be seen as part of 

a corporate strategy, an HR strategy and, more specifically, a consistent onboarding concept. Compa-

nies should also consider all relevant structural conditions, including the IT and ERP strategies and the 

picking technology used in the company. In line with these key influencing factors, a stable onboarding 

process for new manual-picking employees should be set up in the company, whose core should be an 

elaborate training format. An appropriate initial training concept should be didactically elaborated and fit 

well into the company situation. Such training concepts can help to train new employees in both a pro-

fessional and psychosocial dimension (see Figure 2). 

 

 

 

 

 

 

 

Figure 2: Initial training concept for employees in manual order picking in the context of the corporate, 
HR and IT strategies. 

In the future, digital transformation will force consistent implementation of digital educational formats 

and, consequently, use of digital learning management systems in companies.31 On the one hand, this 

means a consistent HR-development concept based on systematic competence management and in 

line with the corporate strategy. On the other hand, digital learning formats will become significantly 

more important in the future.32 

                                                 
30 Cf. Moser et al. (2018). 
31 Cf. Gensicke et al. (2016). 
32 Cf. Mauth (2018). 
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If training concepts are systematically designed, feature cutting-edge content, method and technology, 

are planned and implemented with energy and management support, they will allow new employees to 

effectively familiarize themselves with their new job and contribute to a high degree of employee identi-

fication with and commitment to their new employer. The “psychological contract” between employee 

and employer,33 which includes their mutual expectations and demands, can thus be shaped positively. 

If this step is successful, there will be an “affective commitment”, in other words, being part of the com-

pany is important for the employee, and it is marked by positive feelings such as satisfaction or pride.34 

The LernLager research project has presented new approaches for familiarizing new employees with 

picking. The learning packages provide a very practical reference for companies because they were 

tested through empirical surveys in the LernLager laboratory as well as in reflection workshops with 

experts from the industry. The project opens up design perspectives for efficiently setting up and imple-

menting solid personnel development processes using a company’s own resources, especially for small 

and medium-sized enterprises (SMEs). With qualified employees, SMEs will be able to react to dynamic 

environmental challenges in the future as well. For this purpose, it is necessary to develop employee 

competencies in line with operational requirements and to provide professional learning concepts for 

them. Competent, motivated and loyal employees are an essential prerequisite for economic success 

and competitive capacity – especially in times of fast-paced changes. 

For the future, it is important for further research projects to investigate the specifics of suitable learning 

formats in initial and continuing professional in-house training measures for the low-skilled. The group 

of low-skilled workers, at the focus of the present LernLager research project, faces multiple dilemmas. 

Firstly, qualification of workers in the respective occupations does not yet receive enough attention and 

priority.35 Secondly, functions performed by low-skilled workers are disproportionately affected by ra-

tionalization measures.36 Another research focus in the context of “digital learning at work” could also 

be whether low-skilled workers may have a higher orientation towards digital learning media, particularly 

to “game based” learning media.37 The combination of gaming and digital media is a familiar field of 

action for the digital-natives generation. This fact may offer great opportunities for learning formats.38 In 

view of the massive upheavals caused by digitization, we can safely assume fundamental changes in 

work processes and fields, which will face employees with completely new challenges. For this reason, 

the key competencies for elaborate action will play a significant role both in transformation processes 

and in digital work formats.39 We should examine which key competencies employees in the industrial 

sectors will need in order to remain competent in times of digital transformation and agile organizational 

structures. It remains to be seen whether these extra-functional competencies are only necessary for 

                                                 
33 Cf. Conway and Briner (2005). 
34 Cf. Wegge and van Dick (2005). 
35 Cf. Zobel et al. (2018). 
36 Cf. Matthes and Weber (URL). 
37 Cf. Staudacher (2019). 
38 Cf. Gensicke et al. (2016), Feichtenbeiner et al. (URL). 
39 Cf. Heyse et al. (2018). 
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specialists and managers in the context of “New Work” or whether lower-skilled workers in industrial 

production should be “empowered” to adapt to changing professional environments as well. 
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