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Abstract 
In order to increase an effectiveness of the practice-oriented and dual training, the joint computer-
based corporate training systems for educational institutions’ students and companies’ employees 
shall be developed. It is a topical task of the great practical importance related to meeting the 
employers’ requirements to universities’ and colleges’ graduates. In practice of the Russian education 
this activity is carried out via the basic departments created by universities and colleges at industrial 
works and companies. Such projects use modern computer-based training systems as a software 
information base. In the current world practice of these systems’ development an adaptive approach is 
dominating connected with the automatic generation of an individual training path. 

However, the modern training systems do not take into account the specifics of training in project 
activities, such systems are not integrated with CAD packages and project repositories, and the 
designers’ project activity is not assessed. 

An important component of modern training systems is their virtual environment (in the project’s 
context) in a form of simulating systems, virtual worlds, including virtual workplaces, workshops and 
enterprises in total. For all that importance, a solution of the trainees’ actions assessment task in such 
environments has not been automated yet. In general case, a manual expert analysis of trainees' 
actions protocols is executed, or an expert visual analysis in a real time. 

A goal of this research work is to enhance the competences of trainees (students and employees) 
through the development and implementation of methods, models and tools for project solutions’ 
analysis, and through the formation of personalized training on basis of the uniform intelligent project 
repository. 

The following new original scientific and practical results were obtained: the ontological model of the 
subject domain distinguished by an introduction of the classes, atoms and functions oriented to the 
subject domain of CAD mechanical engineering, which allows the system to personify the training 
process. 

The method of forming a personalized training scenario notable for a use of the dynamic mechanisms 
of environmental training models’ (a designer’s profile, test, design and practical task) interaction with 
an ontological model of the subject domain of CAD mechanical engineering. 

The method of recommendations’ forming and a designer's competence profile adjusting on basis of 
design operations’ protocol, which is noted for the analysis of 3D-modeling of the parts performed at 
CAD KOMPAS, and which allows the system to formulate the recommendations and to correct the 
designer’s competence profile. 

The software and data support of the intelligent training system was developed and implemented at 
the Ulyanovsk State Technical University and the enterprises of Ulyanovsk city. 

Keywords: Intelligent corporate training system, CAD mechanical engineering, individual training path. 

1 INTRODUCTION 
In order to increase an effectiveness of the practice-oriented and dual training, the joint computer-
based corporate training systems for educational institutions’ students and companies’ employees 
shall be developed. In practice of the Russian education this activity is carried out via the basic 
departments created by universities and colleges at industrial works and companies. 

Such projects use modern computer-based training systems as a software information base. In the 
current world practice of these systems’ development an adaptive approach is dominating connected 
with the automatic generation of an individual training path.The subject-oriented (for a specific 
employer) competences formation based on mastering his/her experience and best practices is a key 
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task of implementing programmed engineering training.However, the modern training systems do not 
take into account the specifics of training in project activities, such systems are not integrated with 
CAD packages and project repositories, and the designers’ project activity is not assessed. 

An important component of modern training systems is their virtual environment (in the project’s 
context) in a form of simulating systems, virtual worlds, including virtual workplaces, workshops and 
enterprises in total. However, a solution of the trainees’ actions assessment task in such environments 
has not been automated yet. In general case, a manual expert analysis of trainees' actions protocols is 
executed, or an expert visual analysis in a real time. 

2 CURRENT APPROACHES AND SYSTEMS ANALYSIS 
The following summarizes the main methods and systems’ analysis used in adaptive training. 

The WAPE system by E. Kasyanova [1] represents the domain model as a set of knowledge 
elements, connected by order relations and part-whole relations.  Knowledge elements  have 
reference links to course resources (elementary information resources of textbooks and problem 
books, as well as example problems, tests and projects), the content of which relates to this 
knowledge unit. The trainee’s model is a probabilistic overlay model containing the conditional 
probability that a trainee has some certain knowledge. To order to study a certain topic, the system 
allows a trainee to generate a training path based on comparing his/her current knowledge level with 
the level that necessary for understanding the topic. The algorithm checks whether all the preliminary 
knowledge is sufficiently acquired by a trainee, and finds the knowledge units that require to be learnt. 
After that, a sequence of sub-goals and a sequence of information elements are generated for study. 
The disadvantage of the WAPE system is the lack of the training system integration with the 
accumulated corporate experience. 

Dorrer A.G. [2] represents the domain model as a sequence of modules with different complexity. 
Each module contains theoretical and reference materials, tasks for independent work, as well as a 
set of control materials for self-assessing and grading. The training process model is based on the 
colored Petri nets. 

Training scenarios depends on the level of trainer’s answers:  

• if the answers are correct,  the study of this module is completed and it is possible to go to the 
next module, as well as increase the level of complexity; 

• if the answers are not correct, a  trainee should study additional material and then retest; 

• if the answers are absurd, a trainee should study the module's material from the very beginning; 

• it is possible to lower the level of complexity. 

The main disadvantage of this system is the weak adaptive component. 

The domain model is considered as a set of training courses in [3]. In order to construct the optimal 
training path, a genetic algorithm is used, where the genotype is the sequence of selected training 
courses. As the optimal initial population size is chosen as 50. A larger population size will increase 
the probability of finding a high quality solution, but it leads to significant delays in time. The fitness 
functions take into account the pre-test results, the degree of training materials’ relationship, the 
complexity and training materials. The roulette method is used as a method of selection.  The mutation 
operations are performed through changing the sequence of curricula. This approach does not provide 
for a dynamic change in the training and project material. 

The research work [4] describes the system of automatic generation of personal training 
recommendations. The domain model represents a variety of unstructured educational materials that 
are automatically generated from the Internet applying indexing and text mining techniques based on 
the Nutch software. The learner’s model contains a weighted sequence of training elements that are of 
interest to him/her. Learners are grouped on the basis of similarities and dissimilarities among their 
preferences, for which different clustering techniques can be applied. The recommendations are 
based on the learner's expressed interests through the visited Web pages analysis, and the results are 
ranked according to the TF-IDF measure of the content similarity. This approach can be used for 
informal learning, the use of its techniques for formal education systems (such systems are the most 
effective in terms of quality and training time) is problematic. In addition, it does not assess the quality 
of the Internet sources’ content. 
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In the research work [5] the domain model contains three components: course content organized into 
a content tree (course, chapters, sections and subsections), educational materials and tests. The 
learner’s model is an overlay model, which is initialized after the pretest. The Dempster-Shafer (DS) 
theory  is applied to analyze the test results. The student’s knowledge level is classified into 3 groups: 
low, intermediate, and master level. Adaptation occurs after the test, the system calculates the 
student’s knowledge level and updates his/her model. The disadvantage is the weak adaptation. 

 [6] represents the domain model as a graph in which the vertices are the concepts of the subject 
domain. The learner’s model consists of three components: a learner's profile; a  knowledge model      
(an overlay model over the concepts of the subject domain); a preferred learning style. The adaptation 
model is built on the basis of production rules. The system uses a combination of adaptive navigation 
support and adaptive presentation technique. 

In work [7] the learner’s thinking style is taken into account. The domain model contains 12 types of 
materials: 8 theoretical materials and 4 practical materials. The trainee’s model is described by 3 
submodels: goals and preferences (which courses want to visit, what preferences, such as font, type, 
size, color and other parameters associated with the interface); thinking and learning style (contains 
information on the specific path of learning and the approach to learning); knowledge and execution 
(test results, projects, tasks). The system supports the following styles of thinking: theorist, organizer, 
innovator, humanitarian. Learning styles: active, reflexive, deductive, inductive, visual, verbal, 
sequential, global. The learning process model builds the most appropriate learning path using 
adaptive navigation, content selection, and annotated references that are consistent with the learner's 
profile. The learning path is chosen on the basis of a formula that takes into account the thinking style, 
the learning style and the knowledge level. 

In the GRAPPLE system [8, 9], the domain model is described through concepts and relationships. 
The information resources and facts can be associated with concepts. The learner’s model is overlay. 
The adaptation model built on the basis of a set of "if-then" rules, using the domain and learner’s 
models, decides what information and how to display (using content adaptation, presentation 
adaptation and link adaptation). The project developed the language GAL (Generic Adaptation 
Language). 

Common disadvantages of these methods and tools are: lack of techniques for integration with the 
CAD packages; lack of dynamic domain model filling, which does not allow the system to 
automatically include hybrid knowledge and enterprise's experience units in the training process; great 
labor intensity for developing training and practical materials; absence of a virtual component (first of 
all simulator systems), which makes it difficult to form practical competences for trainees. 

3 PROBLEM 
A goal of this research work is to enhance the competences of trainees (students and employees) 
through the development and implementation of methods, models and tools for project solutions’ 
analysis, and through the formation of personalized training on basis of the uniform intelligent project 
repository. 

This approach is realized within the framework of the corporate intelligent training system, which is 
used jointly by the enterprise’s employees and university basic department’s students. The training 
material is formed in accordance with the employer’s requirements and on the basis of the best 
enterprise’s practices. It will increase the practical orientation and quality of training. 

To achieve this goal, the authors have to solve the following tasks: 

1 To develop the mathematical support of the adaptive training system, which allows the system 
to form a personalized training scenarios and include an ontological domain model, a trainee’s 
model, a scenario’s model, a practical task’s model, a test’s model, and a scenario generation 
algorithm. 

2 To develop the method of recommendations’ forming and a designer's competence profile 
adjusting on basis of project operations’ protocol, which is noted for the analysis of 3D-modeling 
of the parts performed at CAD KOMPAS. 

3 To develop the software and data support of the corporate intelligent training system. 
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4 UNIVERSITY – ENTERPRISE INTELLIGENT CORPORATE TRAINING 
SYSTEM ORGANIZATION 

The structure of the intelligent learning environment is shown in Fig. 1. 

 
Figure 1. University-enterprise intelligent corporate training system organization. 

Organizational and information interaction of the corporate learning environment with the university 
and the enterprise is given in Fig. 2. 

 
Figure 2. Organizational and information interaction of the corporate training environment  

with the University and the enterprise. 
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Fig. 3 shows the training flows and the enterprise’s interested departments  

 
Figure 3. Interaction of enterprise’s units with corporate training system. 

5 MATHEMATICAL SUPPORT OF THE CORPORATE INTELLIGENT TRAINING 
SYSTEM 

The domain model is given as: 

O = (PSL, T, R, F, Ax), 

where PSL = {psli|i= 1..x} is a set of project solutions, 

T is the terms of the applied domain, which the ontology describes. 

A set of terms is defined as: 

T = {С, In}, 

where С = {A, P, D, GOAL, COMP} is a set of ontology classes (A – knowledge atoms, P – concepts, 
D – training material, GOAL – learning purpose, COMP – competences). The class "training material" 
has a slot "is a Reference" with “true” or “false” values, 

In is a set of objects of ontology classes. 

R is a set of relations between ontology objects: 

R = {Rlearn, Rpart, Rnext}, 

where Rlearn is the "is_studied_in" binary relation which has the semantics "connected_to" and 
connects the objects of the ontology classes ("Atom", "Concept") to objects of the "Training Material" 
class,  

Rpart is the "is_a_part_of" binary relation that has the "part_of" semantics and connects the objects of 
the ontology classes ("Atom", "Concept") to the objects of the "Concept", "Purpose of Learning" 
classes, 

Rnext is the "is_trained_after" binary relation, which has the "after_of"  semantics and connects the 
objects of the ontology classes ("Atom", "Concept") to objects of the "Concept" and "Atom" class.  

A set of interpretive functions is defined as: 

F = {Fatom_op, Fpsl_a, Fedu, Fdefine, Fsimilar, T}, 

where Fatom_op:A → {Operation} is a function of the “Atom” class object mapping into a set of project 
solution operations, 

Fpsl_a :PSL → {A} is a function of the project solution mapping into a set of the "Atom" class objects 

Fedu: {A} → {D} is a function for constructing an ordered set of training materials for studying certain 
knowledge atoms, 

Fdefine: P → {D} is a function of finding training materials that describe a certain concept, 
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Fsimilar: D → {D} is a function of finding the most similar training materials, 

T: D → Q+ is the didactic material complexity. 

The set of axioms is defined as: 

Ax = {AxAHP, AxAHL,AxAHD, AxPAfP, AxPAfA, AxAAfP}, 

where AxAHP – "atoms are in relation to concepts", if the atom Y is in relation to the concept of X, 
which is in relation to the concept of Z, then the atom Y is in relation to the concept of Z as SWRL: 

Concept (? x) ∧ Atom (? y) ∧ Concept (? z) ∧ in_relation_to (? y,? x) ∧ in_relation_to (? y,? z) -> in_ 
relation_to (? y,? z). 

AxAHL – "atoms are in relation to training purposes", if the atom Y is in relation to the concept of X, 
which is in relation to the learning goal of Z, then the atom Y is in relation to the learning goal of Z as 
SWRL: 

Concept (? x) ∧ Atom (? y) ∧ training purpose (? z) ∧ in_relation_to (? y,? x) ∧ in_relation_to (? y,? z) -
> ∧ in_relation_to (? y,? z). 

AxAHD - "atoms are in relation to training materials", if the atom Y is in relation to the concept of X, 
which is studied in the training material Z, then the atom Y is studied in the training material Z as 
SWRL: 

Concept (? x) ∧ Atom (? y) ∧ training material (? z) ∧ in_relation_to (? y,? x) ∧ is_studied_in (? y,? z) -
> is studied in (? y,? z). 

AxPAfP - "atoms are studied after atoms", if the atom Y is in relation to the concept of X, which is 
studied after the concept of Z, and the atom C is in relation to Z, then the atom Y is studied after C as 
SWRL: 

Atom (? y) ∧ Concept (? x) ∧ Concept (? z) ∧ Atom (? c) ∧ in_relation_to (? y,? x) ∧ in_relation_to (? 
c,? z) ∧ is_studied_after (? x,? z) -> is_studied_after (? y,? c). 

AxPAfA - "concepts are studied after atoms", if the atom Y is in relation to the concept of X, which is 
studied after the atom C, then the atom Y is studied after C as SWRL: 

Atom (? y) ∧ Concept (? x) ∧ Atom (? c) ∧ in_relation_to (? y,? x) ∧ is_studied_after (? x,? c) -> 
is_studied_after (? y,? c). 

AxAAfP - "atoms are studied after concepts", if the atom Y is studied after the concept of X and the 
atom C is in relation to X, then the atom Y is studied after C as SWRL: 

Atom (? y) ∧ Concept (? x) ∧ Atom (? c) ∧ in_relation_to (? c,? x) ∧ is_studied_after (? y,? x) -> is_ 
studied_after (? y,? c). 

The model of the trained engineer is defined as: 

U = (UA, P, C, P_AB, C_AB, P_S, C_S, ACT_G, ACT_C), 
where UA = {ai ∈  A|i = 1..nua} is a subset of the knowledge atoms that need to be studied, 
P = A → [0..1] is a degree of the A atom knowledge, 
C = A → N is the number of control measurements of the A atom knowledge, 
P_AB = A → [0..1] is a degree of proficiency in the A atom abilities, 
C_AB = A → N is a number of control measurements of the A atom abilities, 
P_S = A → [0..∞] is a degree of proficiency in the atom A skill, 
C_S = A → N is the average time for performing operations for atom A, 
ACT_G = A → N is the total number of actions for the reference use of the A atom skill, 
ACT_C = A → N is the total number of actions for the current use of the A atom skill. 

The test model is represented as: 

TZ = (q, ANS, TA, TAQ), 
where q = the question, 
ANS = {ansi|i = 1..n} is a set of answers, 

5360



TA = {ai ∈  A |i = 1..k} is a subset of knowledge atoms that evaluate tests, 
TAQ = {qi ∈  ANS|i = 1 .. m} is a set of correct answers. 

The test execution is represented as: 

UTZ = (U, TZ, QQ), 

where U is the designer’s profile, 

TZ is a test, 

QQ = {qqi  ∈  ANS | i = 1..k} is a subset of the answers selected by the trained designer. 

The scenario model is shown as: 

ST = (A, P, D, STZ, SPTZ, PERIOD, Fd_d, Fphase_tz, Fphase_ptz, Fphase_d, Fphase_first, 
Fnext_phase), 

where A = {ai|i = 1..n} is a set of knowledge atoms, 
P = {pi|i = 1..j} is a set of concepts, 
D = {di|i = 1..k} is a set of training materials, 
STZ = {tzi|i = 1..m} is a set of tests, 
SPTZ = {ptzi|i = 1..l} is a set of practical tasks, 
PHASE = {pzi|i = 1..h} is the set of the scenario’s stages, 
Fd_d = D → D is a training material successor function, 
Fphase_d = PHASE → D* is a membership function of a training material subset to a certain stage of 
the scenario, 
Fphase_tz = PHASE →TZ* is a membership function of a test subset to a certain stage of scenario, 
Fphase_ptz = PHASE →PTZ is a membership function of a practical task to a certain stage of the 
scenario, 
Fnext_phase = PHASE → PHASE is a scenario’s stage successor function, 
Fphase_first = PHASE → D is a function of the first training material in a certain stage of the scenario. 

The operation model is presented as: 

Operation = (ID, type, number, pvo), 

where ID is the operation’s unique identifier, 

type ∈  TypeOperation is an operation type, 

number is an operation number, 

pvo is a set of operation parameters with a value. 

The operation parameter model with a value is: 
PVO = (key, value), 

where key ∈  ParamKey is a parameter’s name, 

value ∈  ParamValue is a parameter’s value. 
The model of the initial data for the recommendation formation is: 

S = (Operations, Rules, A, F_atom), 

where Operations = {o ∈  Operation} is a set of project operations, 

Rules = {ri│i = 1..k} is a set of rules for searching and replacing non-optimal project operations, 
A = {ai|i = 1..n} is a  set of knowledge atoms, 

F_atom = Operation → A is a function of mapping the operation into the knowledge’s atoms. 

The rule model is: 

Rule = (tmpl, result), 

where tmpl = {ti|i = 1..k} is a first-order logic formula for searching in the protocol of project operations; 
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result = {resi│i = 1..n}, res = (C, key, value) is a set of optimal project operations defined as ordered 
triples (operation code, operation parameter or a set of operation parameters, operation parameter 
value or a set of values), where the code is a constant, and the operation parameter and the operation 
parameter value are first-order logic formulas. 

For the first-order logic formula, the authors give the symbol’s alphabet: 

a) object variables: 
− X = {xp ∈  TypeOperation} is a set of operations, 
− P = {p ∈  ParamKey} is a set of operation parameter keys, 
− T = {t ∈  ParamValue} is a set of operation parameter values; 

b) symbols of logical operations are: ¬, ∧, ∨, →, ↔ ; 

c) quantifiers: ∀, ∃; 

d) auxiliary symbols: «()», «{}» - brackets; «,» - comma; 
e) terms: 

• type = Operations → TypeOperation - defines the operation’s type, 

• code = Operations → N is a definition of the operation’s code, 

• number = Operations → N – defines the operation’s number, 

• param = Operations × ParamKey → ParamValue is a definition of the operation parameter 
value, 

• param_start = Operations × ParamKey → ParamValue is a default value of the operation 
parameter, 

• arithmetic operations: R × R → R - multiplication, addition, subtraction, division; 

f) predicates: 

• 2-ary functions: more (>), less (<), equal (=), not equal to (≠), ∈, eq_op - equality of the 
operation results. 

The recommendation model is defined as: 

R = (op_before, op_after, F_steps, F_message), 

where op_before ⊂ Operations is a set of non-optimal project operations involved in the 
recommendation’s formation, 

Op_after⊂ Operations is a set of recommended project operations, 

F_ steps = Operations → N is a function for calculating the action number for constructing project 
operations, 

F_message = Operations × Operations → Text is a function for the recommendation’s text formation. 

6 PERSONALIZED TRAINING SCENARIO FORMATION ALGORITHM 
The personalized training scenario formation algorithm is described below. 

1 Choose a learning scenario. 

2 Download the next stage of the selected scenario. If the previous stage is absence, the first 
scenario’s stage is activated. 

3 A trainee consistently studies the training material within the framework of the stage, including 
additional information assets of an industrial enterprise. 

4 Perform the tests, which correct the trained engineer’s knowledge level. 
5 Check the skill’s level on the basis of project tasks. 

6 Assess the knowledge and skills’ level. If the level is considered to be satisfactory, the trained 
engineer should go to the next scenario’s stage (to the second step). If there is no the second 
scenario’s stage, the training process is considered to be completed. If knowledge and skills’ 
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level is considered to be unsatisfactory, the individual training path is synthesized at the seventh 
step. 

7 Generate the adaptive training path. The knowledge elements that a trainee studied at this 
stage are selected, but their level of knowledge and skills is less than 0.5. 

8 Fill a variety of training materials that have a "part-whole" relationship with selected knowledge 
elements. Training materials are selected in order to minimize the total training time and the 
number of repetitions of the material already presented. Also, many training materials are 
arranged in accordance with the relation of the knowledge element order. 

9 Form the minimum set of tests and project tasks that check the selected set of knowledge 
elements. 

10 After passing through the individual training stage, a trainee should take a control test. If the 
results of the trained engineer do not meet again the expected results, a repeat training path will 
be constructed. Its difference is the fact that a lot of training materials are selected with the least 
number of repetitions as compared with the previous training path. 

Consider the algorithm for the recommendation formation. 

1 Start of the trainee's work with a project. 

2 If the project is new, go to step 5. 

3 Generate operations based on the existing project. 

4 Add an operation to a sequence of operations. 
5 Read the trainee’s control actions. 

6 Generate operations based on the trainer's action. 

7 Add an operation to a sequence of operations. 
8 Form the project state on the basis of an operation’s sequence. 

9 Add the project status to the project status sequence. 

10 Search for a rule that corresponds to an operation’s sequence. 

11 If the rule is not found, go to step 13.  
12 Add a recommendation to an individual trainee’s list and display it. 

13 Search for a rule that corresponds to a state’s sequence. 

14 If the rule is not found, go to step 16. 

15 Add a recommendation to the individual trainee’s list and display it. 
16 If the project is not finished, go to step 5. 

17 Exit. 

Here is the algorithm for the trainee’s profile correction. 

1 Obtain a formed recommendation based on the trainee's profile. 

2 Make a list of the project operations involved in the rules when formulating recommendations. 

3 Obtain a list of knowledge elements associated with project operations. 
4 Reduce the skills’ level for these knowledge elements. 

7 REALIZATION 
The training block was built according to the classical three-tier architecture: a client, an application 
server and a database server. 

Java Platform, Standard Edition technology is used as a development platform. This technology 
supports built-in client-server applications (RMI and ISOAP technologies). 

MySQL is used as the database server. The system is scalable, allows for functionality expansion by 
adding components (plugins). Plugins allow client and server’s components to be extended by 
providing a client and server API. 
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In order to implement the client-server technology at Java SE, the technology of Web Services is 
chosen. The SOAP protocol is used to exchange messages between Web services. 

8 EXPERIMENTS RESULTS  
The experiment in training was performed among 18 students of the Ulynovsk State Technical 
University. In order to assess the initial skills’ level, these students passed a pre-test, as a result of 
which two groups of 8 and 10 students were organized. Their average skill’s level was 0.5. The groups 
were trained on the materials of CAD KOMPAS-3D. The first group was trained based on a linear 
scenario; the second group was trained in accordance with an adaptive scenario. After training, the 
task was to build an assembly "Pump cover" of 471 elements. The experiment’s results are shown in 
Table 1. The average students' skills level trained by the adaptive training scenario is higher by 20% 
compared to the students' skills level trained by the linear training scenario due to more detailed 
training and 17 per cent growth in preparation time. 

Table 1.  Comparison of linear and adaptive learning scenarios 

 

Average level 
of skills before 

training 

Average 
learning time, h 

The average 
level of skills 
after training 

Average time 
for building an 
assembly, h 

Total elapsed 
time, h 

Linear scenario 0,5 1,65 0,745 2,8 4,5 

Adaptive 
scenario 0,5 2 0,9 1,9 3,9 

Gain   -17% 20% 50% 20% 

9 CONCLUSION AND FURTHER RESEARCH DIRECTIONS 
The developed corporate training environment is used both by the enterprise’s employees and by 
students of the university’s basic department. As a rule, after training at the basic department, 
graduates are hired to work at the enterprise. Use of the theoretical and practical materials associated 
with the specific employer’s competences as the educational objects allows graduates to shorten 
adaptation terms, contributes to their active career growth, and increases their motivation. 

The developed mathematical support of the training system allows it to form personified scenarios. 

The virtual component of the training system is represented by radio devices’ assembler, adjuster and 
a radio equipment regulator’s virtual workplaces implemented at both OpenSim and Unity. 

Further directions of the research work are related to the expert system’s development for the 
trainees’ activities assessment when using CAD packages, in particular mechanical engineering 
based on both the KOMPAS-3D package and virtual industrial worlds. 
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