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	The skills which cultivated engineering background are described. These skills are produced in the hidden processes. The enumeration of this skills is given. Some novelities in teaching strategies which positive affected on the cultivation of engineering skills are discussed. Some of these strategies use computer educational programms.


	Teaching  process created new knowledge and produced some general and professional skills. There are three levels of these skills. The highest one is connected with general problems. These skills consist of methods of  concordation different ideas, moving new hyphotesis, eliminate random factors and so on. All these skills are independent  of the real field of specialist's interests. This means that they are the same for biologist, teacher, engineer, scientist or so on. This level of skills may be called creative level. The middle level of skills includes professional abilities different for different areas of professional interests. It is evident that engineer in the civil engineering  has to posses  engineering skills different from the same skills for  the engineer in the field of semiconductor materials for example. That is why this level may be called the level of professional skills.  Yet these abilities and skills have as their foundation some general skills such as estimation of errors, putting results in order and so on.  These skills form the third level which is the lower rank level.  We shall call this level the level of engineering skills.


	Some of the  skills  of the all three ranks of the creative levels are produced at the period of studiing any subjects:  physics, mathematics, chemistry and so on. The other skills have interdisciplinary nature. Interdisciplinary skills are produced by practical training in all theoretical and practical subjects.  There is no sense  to have in the starting educational period special lectures  devoted to these skills and  abilities theoretical foundation.  Yet these abilities and skills are usualy independenty created at the period of  study  of the traditional subjects.  That means that  a large group of the general skills and abilities is  produced in the hidden processes.  These procecces have to be under teachers  control and constant checking of course. The first education years are responsibile for creating and consolidate the general engineering skills of the lower rank of creative levels that is to say  to the engineering skills.  That is why these skills were the main interest of our studies described in this article.


	The first part of our investigations was devoted to determination of the main creative and engineering skills which have to be produced at the two first education years in the hidden processes. To find these skills we asked a large group of teachers, scientists and engineers to give us the full list of necessary skills.  We found in their answers all repeating skills and its enumeration was given to the second group of experts. We asked them if all skills enumerated in the given list were really interesteing for engineer.  We also asked them to make additions to this list if it was necessary by their opinion.  After this we studied recured answers once more. We have repeated this procedure for several times till new group of experts did not give the same answers as the previous one.  Two--three steps of this procedure were enough to find final list of engineering skills and abilities which it is necessary to create in the hidden processes during the first years of the teaching period.  This list consists of 20 items. (Table 1).  


Table 1.


The main engineering skills and abilities which have to be produced  in the hidden processes.





№�
Name�
№�
Name�
�
1�
Systematisation of results�
11�
To be familiar with PC�
�
2�
Streamlining of experimental datas�
12�
Statistical planning  datas of experiments�
�
3�
Estimation of experimental datas statistical description�
13�
Estimations of measuring equipment descriptions�
�
4�
Presentation of results in the diagram forms�
14�
To make use of dimensions method�
�
5�
Optimal results presenting�
15�
To know literature data search methods�
�
6�
To know simple computing methods�
16�
To know methods of literature data storage





�
�
7�
To know methods of numerical and graphica problems solving�
17�
To know modern literature data searching systems �
�
8�
To use  nomogramms�
18�
To write short resume�
�
9�
To find jumping out result�
19�
To know the main library indexation systems�
�
10�
To be familiar with metods of graphical derivation�
20�
To formulate main results of own work�
�



	In the second seria of investigations we studied the typical students'mistakes.  Students' mistakes in  training laboratories, exercises andexamination works were our object in study. The teachers are marked these mistakes at all steps of the students' work.


	First of all we studied students' mistakes  in their laboratory accounts. We studied this problem in 5 Universities of the former USSR. In all of them testing time was the same.  Testing time was determined as the time interval from the begining of studied subject teaching. All discovered types of mistakes were divided in some base classes. In one of the Universities we studied the time dependence of average amount of the student mistakes from the begining of teaching period. So we could estimate efficiency of traditional education technology.  We studied these dependences as for average amount of summarised mistakes of different classes so for each class separately too.  We have studied mistakes maden by students as at the practical exercices, so at the examinational discussion also.


	As a result of our studies we have found that there are some typical mistakes classes uniform for different teached subjects. The main part of these mistakes  was connected with the methods of results computing, results treatment,  putting the results in order  and estimations of theoretical limitations of experimental and computing  mehtods.  Some of these mistakes we have found in diploma works, Ph.D thesises and in several articles published by Universities press. We compared these mistakes with the list of necessary skills obtained by mentioned above polling process. After this study we investigated only the skills and abilities which are present in both lists. It means that we studied abilities and skills which are foundation of engineering background cultivated with the help of hidden processes at the first teaching period.


	Students' mistakes in the physical training laboratories were of the main interest for us.  It was caused due to the fact that this form of exercices is widly spreaded in all technical universities, special schools and colleges.  We explane the origin of these mistakes  as a result of absent of some important skills and abilities which are not produced in common educational strategy.


	We have developed some new receptions of mentioned above abilities and skills creating. Several of them are described in this article. There are some principle novelities in our new educational strategy.  The first one was the procedure of discussion in which the teacher involved the students in the training laboratory. We invited the students to answer on some additional questions in their laboratory accounts. These questions were of the same type for each training exercices. The students were invited to find principal errors of used experimental methods, to give recommendations of these methods improvements, to find new appropriate methods of measuring of studied value  and so on.  To check efficiency of our strategy  we used so called ``mastering index" (Bespal'ko).This index was determined by such a way.  We found the part of correct answers that have find the students and divided this part on the whole amount of possible correct answeres. The last one was found with the help of Interviews given us by the  special teachers' group.  We studied the time dependence of these indexies and compared them with the same ones for special checking-groups. We used this strategy for 15 years.  More than 800 students were involved in this experiment. The checking group consisted of approximately 450 students. That means that we studied more than 19,000 interviews with students  in the period of our experiment.  As a result  we found that this strategy gives not bad results.  We have described the time dependence curves of mastering indexies as logistical curves (it Nikitina, Romanenko).  (See Fig.  1.) 


	To study some experimental procedures we have invite some specialexersises. These exercices ideas are different. In some exercices the students had to calculate accurasy of experimental shema. The values of permited errors were subject of the other exercices. Some of them were dedicated to  methods of computing of experimental results and putting these results in order (Romanenko, Gutman, Nikitina). It may be seen all these exercieses were devoted to cultivation od engineering background skills. PC-exercices of this type are created in our department.  We have also printed a special text-book in which we have described all these problems (Romanenko, Orlov, Nikitina).


	We have created and studied some special PC-programms for cultivation scientifical abilities and skills of simplest level too.  In these programms we engaged the  students to study such situations which can not be created with the help of traditional experimental equipment in the training lab.  That is why with the help of these programms the students could study all the factors affected on the measured value. In the common methods of teaching process these factors are usualy eliminated when teachers staff consrtucted experimental  equipment. As a result in common educational strategy the students can investgate only the problems connected with the main subject. All engineering problems cultivated in the hidden processes are omited in such traditional strategy. Our PC-programms of special type helped us to improve this situation.


Interviews with the students which are teached with the help of these programms confirmed us these programms high efficiency.


	It is non realistic to make students' attempt of real spontanleous measuring of all effects which limitated any experimental procedure. There are time limits and some other reasons which restricted students' possibilities to fulfill all necessary investigations. So only computer training can help the teaching process to be more effective. By our teaching strategy students were invited to measure some physical values


with the help of the common experimental technique. By that way the students investigated  the principle ideas of studied method.  The next week they continued these studies with the help of PC.  In this case they


studied all possible experimental situations. That permited them to find independently some laws which are inaccessible by the common educational strategy. The special derived general equations were the body of the used PC-programms.  These equations described all moments of the studied process and all possible situations which had any interest for understanding this process.  In the period of computer work the students had to select different experimental conditions and to make some simple operations.  All results were drawn on PC display.  We have created some different exercises of that type.  In connection with the new strategy of final discussion mentioned above the cultivation of scientifical abilities and engineering skills  produced in the hidden processes with the help of these PC-programms was more intensive and purposefulness than with the help of traditional teaching strategy.


	Different testing PC-programms are widely spreaded in the period of cultivation of engineering skills in the teaching process. We have  also investigated correlation between the student's answeres on the different PC testing programms questions and resulting student's examinational marks.  With the help of interviews we have found that the top students are not interested to active work with computer if the training questions are too simple for them. But averaging of the comlexity of questions was necessary to work with all groups of the students. This averaging usualy does not permit the teacher to include more serious questions in the body of common PC programms.  This situation is illustrated with the help of the Table 2.  To understand the results which this Table describes it is necessary to know how these results  were


found.  By common Russian educational procedure all the students  each are simultaneously teached at any Faculty  are divided into some groups. Each of these groups consisits of 20-25 persons. All these groups attend the same theoretical lectures at the same time. The practical studies and exams each group attends indepentently.  After the first examination session was beside we divided all students' groups into three classes: top, middle and weak.  Averaged groups' examination mark was the dividation parameter.  Physics as subject continues after the first examination session in Russian Universities.  So we had possibility to


study for each type of students groupes how PC-training programms affect on the averaged students groups examination marks. In this experiments PC-training programms with common testing procedure (to find correct data in the seria of given answers) was our object in study. We investigated some checking-groups also to  be sure in obtained results.





Table 2.


Affection of PC-testing controll on the students averaged examination marks.





�
Diminishing of marks average quantitaty after PC-training (in %)�
�
Group type�
Bad marks�
Excellent marks�
�
Weak�
56�
20�
�
Middle�
45�
25�
�
Top�
35�
40�
�



	The Table 2  shows us that as bad, so the exellent marks are diminished as a result of PC testing procedure.  We have found that to avoid this effect it is more convenient to have PC-programms with different levels of complexity.  The students are non informed about these levels.  If the teached individual produced very large part of correct answers, so the programm automatically jumped to the next level of comlexity.  The most serious problem  is to divide material into the portions of different but stable complexity. Teachers polling is the main way to solve this problem.  It is also necessary to find the relative amount of correct answers to jump onto the next level. This problem is now in study at our department.  In the case of this strategy all the students kept the permanent interest to active work with the training programm.


	We have also observed that traditional testing procedure offently creates of some sutuations in which weak students remembered some noncorrect answeres given with the helpof  traditional tests. To avoid this situation we used, if it was possible, so-called `permutation' problems. In this case of PC-training the student was invited not to find correct answer in the seria of different likely correct answers but to put true answeres in correct succession. For instance the students were invited to order politropic processes in the chain with rising  Poiasson coefficient (.   It is not simple to produce enough number of this type of questions.  So we often invited students to find one incorrect answer in the seria of correct ones. Our preliminary results suggested that in this case students' examinational answers are more correct than if we used traditional PC-training programms. Unfortunately these results are qualitative only.  It is necessary to say that  there were some checking groups studied by common  educational strategy under observation.  We compared all our results for experimental and checking groups on the each step of our investigations.


	As a result of our investigations we found enumeration of skills which are the foundation of engineering background. We found that these skills are cultivated in the hidden teaching processes. We also found that the  engineering skills and abilities which are cultivated in the hidden processes may me produced more effectively if we use special trainng computer programms. Additional conclusion: multilevel testing PC-programms are very effective for the work with the top students.  The second additional conclusion of our work: we found that the time dependence of producing engineering skills  may be described with the help of logistical curve. The spesial theoretical studyon the base of informatisational theory of educational process permited us to ground this form of the time dependence by the theoretical way. This theoretical deduction will be published independently. 
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