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Abstract - The success of companiesis determinedby the qualifications of their employees, the reasons why they are 
required to attach great importance on further education activities. At the same time the diversity of further education makes 
it difficult to maintain an overview for anyone interested in learning, especially for persons responsible for human resource 
development in small and medium-sized enterprises (SMEs). Many providers are flooding the market with partially little 
meaning product offerings and formats. The selection and conception of further education in SMEs often based on decisions 
out of sense or the scattergun approach. Especially restricted personal, time and financial resource are key drivers for 
insufficient consideration. The classification of learning objectivesaccompanied by the learning behavior will be a 
challenging task both for employees as well as human resource departments. 

An interdisciplinary research cooperation between educational science and quality science provided the basis for enhancing 
training and development selections. For this purpose, relevant characteristics for input and output were gathered by 
qualitative content analysis of educational literature and expert interviews among training experts. Dependencies between 
these characteristics were identified by interaction analysis. 
An algorithm was defined, that enables a systematically selection process. 
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I. INTRODUCTION 

 

SMEs form the backbone of the European economy. 

In 2015, just under 23 million SMEs generated €3.9 

trillion in value added and employed 90 million 
people, which equates to two thirds of European 

employment and slightly less than three fifths of 

European value added in the non-financial business 

sector [1].  

 

The concept of human resource development 

emerged in the 1970s [2] and since then researchers 

and policy makers have emphasized the importance 

of investing in the development of human resource in 

order to improve the quality of human capital and 

create a sustainable competitive advantage [3]. But 
when talking about human resource development and 

company training, there is still a big difference 

between large companies and SMEs in the 21st 

century.  

The size of the company plays a decisive role in the 

company's participation in workforce development. 

Data from the OECD countries indicate that SMEs 

participate 50% less in training activities than large 

firms. The fact that SMEs offer considerably fewer 

employee training than larger firms contrasts with the 

growing importance of knowledge and skills 

intensive occupations in the future [4].  
 

In the EU the average between 2005 and 2010 SMEs’ 

rate of training incidence through courses increased 

by 12.5% (6.5 percentage points) and increased by 

8% (3.5 percentage points) in other forms. 

Participation rates in courses increased by 15.5% (4.5 

percentage points) and the hours in training per 

employee increased by 17% (one hour). In summary, 

it can be said that the training activities of SMEs have 

developed positively in recent years. Nevertheless, 

substantial differences in training performance 

between SMEs and large enterprises persist and 
require further attention [5]. 

 

SMEs are willing to provide relevant training to their 

employees but theygive up in the face of the 

multitude of solutions on offer[6], [7], [8].The market 

is non-transparent, there are a lot ofproviders and 

their offers can rarely be compared 1 to 1[9], 

[10].Many descriptive data leave wide room for 

interpretation.Enterprises cannot cope with these 

tasks[11], [12], [13]. An essential precondition is 

thatfurther education offers must be described by 
relevant and specified criteria – onlythis allows to 

differentiate between those.  

 

Based on this assumption, scientists of the department 

of machine tools and factory management from the 

Technical University of Berlin in cooperation with 

colleagues from the University of Hamburg 

developed an easy to use, electronically supported 

user platform that enables an individualized and 

systematically continuing training work. Therefore in 

the scope of the project “Education Support System” 

(ESSYST) at first the offer description of further 
education content and secondly the requirements of a 

learner were systematically developed.  

 

Central element and the core innovation is a 

procedure for matching of 841 possible linked 

characteristics. The focus will be on the interaction of 

those characteristics, responsible especially for 
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satisfaction and learning success [14]. A question which must be answered is e.g.: 

Figure 1. Flow chart of support process 

 

Does the learning method of the training course fits 

the learners’ preferences because of her or his 

individual learning style? Based on this approach, an 

education graph that evaluates the potential of 

compatibility was developed. The result is an 
intelligent assistant that recommends personally best 

fitting training courses. Figure 1 shows how the 

assistant works.The first step is to analyze the 

learners’ needs. They are matched against training 

courses and adegree of matching is calculated by 

amathematical formula (algorithm) for each single 

one. This information can be used by the learner 

taking a decision. After participating in the course 

thecourse and hence the recommendation of the 

system will be evaluated. 

 

II. SYSTEMATIC ANALYZE 
 

Learners’ needs 

What kind of development goal I’m trying to 

achieve? What kind of further education is the best 

for me? To make results even more fitting, 29 learner 

characteristics are collected. Besides organizational 

influencing factors the learning style, which shows 

the individual learning needs of the user are analyzed 

and described by a model based on the research of the 

psychologist David A. Kolb. He developed the 

learning style inventory which has become general 
usage because of the ease of application [15]. 

Learners are assigned a learning type according to the 

developed test. It can be distinguished between four 

different learning styles: Diverging (feeling and 

watching) – these people are discoverers and learn 

well through concrete experiences as well as reflected 

observations. Assimilating (watching and thinking) – 

people with an assimilating learning style are thinkers 

and prefer reflected observation, abstract 

conceptualization, and theoretical models. 

Converging (doing and thinking) – these people are 

decision makers and learn well through abstract 

conceptualization as well as active experimentation. 

Accommodating (doing and feeling) – people with an 

accommodating style are practitioners who prefer to 
actively experiment and make concrete experiences. 

 

Further education courses 

In order to provide an individual recommendation, 

further 29 characteristics can describe a training 

course in depth. This is an essential prerequisite, for 

storing it in a content management system. So, the 

diversity of training courses can be managed and 

differentiated. Also, the potential of compatibility can 

be measured. The characteristics, e.g. learning 

format, certificated form and training costs, are more 

or less relevant [16]. This also allows enterprises to 
add their own offers in the database and take them 

into account. It is useful for enterprises with own 

training offers [10], [17].The defined methodical-

didactic components of further training measures 

include the following attributes: learning format, 

learning method, learning media. 

 

III. SPECIFIC RECOMMENDATION 

 

All the gathered characteristics are then pairwise 

matched. The algorithm, to which these regulations 
apply, is retained by the education graph. The starting 

point when ESSYST is used is the gathering of 

requirements from learners. Those either have an 

indirect or a direct influence on the recommendation. 

An example for a direct factor are costs [18]. The 

budget of the customer or those of the enterprise 

filters the training courses. However, the four 

learning styles (“Accommodating”, “Diverging”, 

“Assimilating”, and “Converging”) [15] have an 

indirect influence, regarding the didactic design (e.g. 
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learning format, learning method and media) [19]. 

Once the learner has completed the test, training 
courses and the used learning formats, learning 

methods and media will be evaluated according to the 

specific learning style. For a better understanding, 

table 1 shows an example of the dependency on 
learning style and learning formats. 

 
 

Learning 

formats 

 
 

Learning style 

01: Blended 

Learning 
02: Coaching … 

39: 

Workshop 

01: Diverging 0.73 0.88 … 0.78 

02: Assimilating 0.60 0.00 … 0.00 

03: Converging 0.73 0.00 … 0.88 

04: Accomodating 0.77 0.85 … 0.00 
Table 1. Matrix 

 

As a result of educational science research, the 

analyzed values are specified in such matrices. These 

are the basis for the core innovation –the education 
graph. Individual matching values for courses are 

calculated. This value specifies how well the training 

courses fulfill the learner’s needs.This results in a list 

of training courses and are sorted by the strength of 

recommendation. Furthermore each offer contains the 

most important data, the learners are interested in.To 

analyze the training objective, a list of the German 

federal employment agency,the “KldBKlassifikation 

der Berufe 2010” [20] was used. This database 

contains all the occupations existing in Germany. It 

also contains the associated requirement levels. Also 

does the KldBhas a high compatibility with the 
“international occupational classification, (ISCO-

08)”, thus international comparisons are possible. 

 

IV. QUALITY ASSURANCE AND 

EVALUATION 

 

The four-level model according to Kirckpatrick[21] is 

one the basic model for explaining the successive 

stages in the evaluation of educational processes. It 

distinguishes between the four levels of reaction, 

learning, behavior and results.  
The first level, "reaction", reflects the satisfaction of 

the participants with the design of further education. 

Design characteristics concern, for example, the 

learning environment, the trainer or the learning 

method. The second level "learning" comprises 

learning success. This describes the increase in 

knowledge of the participants in further education.  

The transfer success characterizes the level 

"behavior". This is the ability to apply in the 

workplace what the learner has been learned. On the 

fourth level, "results", extensive objective 

performance criteria and indicators can be used in the 
company to check whether certain organizational 

goals have been achieved through further training 

measures. Since it is often not possible to draw 

conclusions about a particular measure, the 

assessment at this level provides little information 

about the quality of furthereducation. It was therefore 

not implemented in the project. 

The evaluation process is carried out with the help of 
a dynamic questionnaire. Three of the four levels are 

addressed in Kirkpatrick's model. The users are 

questioned at three different points in time by specific 

questionnaires: 

1. Satisfaction survey directly after the further 

training measure (reaction)  

2. Learning success survey with short time interval 

(learning)  

3. Transfer success survey with long time interval 

(behavior) 

 

Immediately after the training, the user can access the 
first of a total of three questionnaires. This contains 

questions on the evaluation of satisfaction and the 

process of further training. Each question (item) is 

assigned to a specific quality characteristic.  

The questionnaire is generated from a pool of 72 

items, which are divided into two groups. The first 

group (up to 13 items) addresses a user's level of 

satisfaction with the training. The user evaluates the 

statements on a five-level scale from "strongly agree" 

to "strongly disagree". The second group refers to the 

process of further education. For this purpose, a pool 
of 59 items is used. All items are based on the 

German version of the Learning Transfer Systems 

Inventory (GLTSI) [22] and the “Maßnahmen-

Erfolgs-Inventar” (MEI) [23]. 

The selection of items from the two groups is 

coordinated with the specific characteristics of further 

training. The questions from the second group are 

also selected individually on the basis of the results 

for the items in the first group. If, for example, a 

participant expresses dissatisfaction with the learning 

media (If you are satisfied with the learning media 

used. Answer: "strongly disagree"), specific questions 
are activated to determine the possible causes of this 

dissatisfaction (Figure 2). In this way, the evaluation 

can be carried out efficiently and the further training 

process can be analyzed as comprehensively as 

necessary at the same time. In this way, events in the 

further training process that have a negative influence 
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on the overall assessment of the participant can be 

analyzed without confronting the participant with 

extensive questionnaires at the start.  

 
Figure 2. Questions for the characteristic “learning method” 

 

The evaluation of the learning success is carried out 

via a questionnaire, whereby it is recommended to 
make this available to the participant at intervals of 1 

to 7 days at the end of the continuing training 

measure. It comprises four items which enable the 

learner to assess success. The transfer success can be 

evaluated via a third questionnaire. The 

corresponding questionnaire contains two items 

relating to the application of the training content in 

the everyday life of the user. Following the survey of 

the users, the evaluation takes place. In addition to an 
overall assessment, the developed evaluation tool also 

identifies causes for lack of learning and transfer 

success. 

 

The experiences of learners with different further 

education offers are expressedby a summary quality 

assessment with one to five stars. 

 

Figure 3. Screenshot of the assistant interface 
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V. CONCLUSION 
 
ESSYST with its assisting function supports SME in 

the above-mentioned areas: personnel, time and 

finance. Along the whole training management 

process employees will be supported, so that 

SMESare given the opportunity to carry out their 

further education work systematically and 

scientifically (Figure 3). Furthermore, they can make 

their further training activities more effective, 

efficient and resource-conserving.The assistant is 

individually customizable, so that it can be optimized 

for the needs of the different enterprises. Because of 

the modular construction, linked characteristics can 
be switched on or off. So,the learner decides on the 

amount of input information. This creates acceptance 

on the one hand and makes the algorithm optimizable 

by using new insights on the other.The effectiveness 

of this approach has yet to be tested by activating 

companies and training providers. For the employees, 

the approach offers the possibility of realizing their 

personal goals, such as the personal desire for 

knowledge, ability and integration, self-realization 

and the achievement of professional goals and better 

career opportunities, both in-house and on the 
external labour market. 
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