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Abstract: The e-learning materials are mostly created accordingly to existing standards (ie.: IMS, SCORM), regarding their structure and organization. The question, if the material is seen by the user as good one is mostly the matter of meritoric contents. There exist anyway other elements, which get influence on the quality of distance learning – they are connected with didactic aspects of educational materials creation. The authors of the article designed the metrics to check the quality of e-learning materials, based on these aspects. With its help there were executed tests of available courses and books. Within the article there were included the conclusions of the statistic analysis of the data selected, as well as the proposals regarding the modification of the metrics in the direction of identification of attributes, which lead to the best discrimination of materials. 
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1   Introduction

E-learning, being a a new form of education, connects with the new form of didactic materials. In many cases one may observe the direct transition of traditional materials, incorporated within learning procedures, to the virtual environment, but they are still more often upgraded with films, audio, multimedia, etc. 

     In traditional way of education the quality is determined by the skill level and profesionality of the teacher nad didactic materials play mostly support role. In the distant learning, where is no direct contact between the teacher and student or at least it’s diffucult, the whole depends on the student, so the materials provided as self – learning support should be especially carefully selected for the aspect of proper realisation of didactic processes. 

Up till now the matter of the materials quality had been omitted within the scientific works connected with e-learning. By request of the needs, authors of the article suggested the metrics, which allows to verify the quality of didactic materials on the basis of their structure [1,2,3]. There has been executed the quality check of few dozens available materials. The obtained data have been analyzed with the help of the statistic package GradeStat, developed in Institute of Computer Science, Polish Academy of Sciences [4,5]. 

     The conclusions on the basis of the executed analysis leaded among others to the verification of the primary version of metrics and upgrading it with additional partial measures. 

The authors’ aim was to provide the answer to the following questions:

· What should be the parts of the distace learning materials and how they should be laid together, what additional elements it should contain to be rated as having good quality?
· How the metrics for measurement of e-learning materials quality should be developed, so on its basis one can answer to the question: is the material good (apart from the meritoric aspect)? 

The structure of the article looks as follows:

Point 2 contains short description of didactic elements of educational process and the structure of the metrics, basing on those elements, used for checking the quality of materials for distance learning. Point 3 describes the statistic analysis of the data, obtained by with the help of the metrics. Basing on the conclusions of the analysis, there has been suggested the modification of the e-learning materials quality metrics, additionally it has been upgraded with elements connected with the specification of the distance learning environment. Point 4 contains the final notes and a short summary of the article subject.

2   Didactic quality metrics for 
e-learning materials
In the opinion of didactics, to simplyfy and stimulate the learning process, the material structure should contain some elements set in proper sequence, taking into consideration the type of learning: providing and problematic [7,8,9]. Those are: presentation of information, supporting the student, practice, evaluation. Basing on the analysis of those elements it has been suggested [1] to divide the e-learning materials to the following parts, set in the order shown below: 

1. Introduction: preparing students to the effective learning,

2. The Main content: learning,

3. Summary: overview of the new-achieved knowledge,

4. The Knowledge Evaluation: evaluation of the gained knowledge.

It’s suggested, that those parts of didactic materials contain the following elements of II level [1]: 

Level I – Introduction: 

   Level II:
· Review of the content,

· Concentrating on the content,

· Stimulating and motivating,

· Determining the didactic aim.

Level I – Main content:

   Level II:
· Basic knowledge – indication of existing knowledge of the student, neccessary for understanding the transmitted contents, 

· Support of processing the information, 

· Putting attention to the most important problems, 

· Incorporation of different strategies of teaching and learning, 

· Examples of incorporation the acquired knowledge in practice.

Level I – Summary:

   Level II:
· Summary and reminder of material, 

· Indication of possible knowledge to the other context, 

· The key words vocabulary, 

· Bibliography. 

Level I – Evaluation (Knowledge Evaluation):

    Level II:

· Self-evaluation, 

· Problematic questions, 

· Feedback. 

Basing on the above listed elements for e-learning materials there has been suggested the metrics for quality measurement, consisting of the following partial measures: 

1. Partial measure for the whole material:

· Material evaluation – the subjective evaluation of the quality of whole material, set by expert / user, scaled 0 – 5.
2. Partial notes for elements of both levels:

· Existance – checking, if the element is present in the material. Note “1” in the presence of element, otherwise “0”. 

· Element evaluation – subjective evaluation of the quality of the checked element, set by the user. Note scaled 0 – 5. 
3. Partial measure for level I elements:
· Time – description, what percentage of time for the whole material is used for the particular element. This note is used to estimate the proportion of elements, basing on the working time determination. 

The analysis of materials basing on metrics presented above, has been designed to find those attributes, which allow the best discrimination of materials in the aspect of their quality and to find a good quality metric. The results of executed testings are shown in the following point. 
3   Analysis of the didactic quality of existing materials
Basing on the described metrics,it has been designed the polling, with help of which the respondents provide notes for the some e-learning materials. 

The respondents were the students and employees of Polish-Japanese Institute of Information Technology - people with following education: medium, unfinished high and high, within the age range 22 - 40 years, both men and women, teachers and students. The polling was not anonymous, but the respondents data were only for the article authors. 

     There were 57 e-learning materials tested, which are both open admittance in WWW and internal materials of companies as well as paid versions on CDs. Each material was described with set of attributes: material name, author/issuer, creation date, source (ie. Internet link), person providing material note, date of note. 

The results of the executed polling were used as input data for the statistic package GradeStat [4,5,6]. 

We should shortly describe the statistic package GradeStat, used for the data analysis and the quality analysis of the tested e-learning materials.

3.1   Data analysis with the help of statistic package GradeStat

Within the statistical package GradeStat there are included different ways of the statistical analysis result presentation. One of the more interesting ways is the so called overrepresentation map, which is the graphical presentation of interdependence between chosen elements of tested population and the attributes describing the element (partial measurements). Fig. 1 shows an example of the overrepresentation map. The descriptions of rows and columns are omitted to get the picture clearer. 
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Fig. 1. The overrepresentation map example.

The rows of the map represent the elements of the tested population and columns – the attributes. 

As it’s visible, both width of each column and height of each row are different. The height of the row is connected with the global note of the element with the background of the whole population. The greater the input of the element, the higher the row is. The width of the column represents the significance of the attibute in comparision with all attributes. The greater the significance, the wider the column. 

The fields of the overrepresentation map have the different shading. This is due to the hipotetic foreseen value for the chosen attribute of the element of population, counted on the basis of the global note for the element of population and the significance of the chosen attribute. The real value of the attribute for the element may be equal to, higher or lower than the hipotetic foreseen value. If it’s higher, then the overrepresentation occurs and the field is black or dark grey. In the opposite situation the underrepresentation occures and the field is light grey or white. In case the real value is equal to the foreseen, the field is neutral – grey. Detailed description for creation of overrepresentation map may be found in [4,5,6].

What is really important, the GradeStat package builds the overrepresentation map by itself on the basis of data provided. The rows and columns are sorted in such way, that the opposite attributes make the population discrimination the most. Speaking the more detailed way, the elements set at the beginning of the setting (upper left corner of the map) have the high values of attributes set at the beginning of sort. Such sorting of elements of population and the attributes should provide a progressive change of the tendency to opposite while moving from upper left towards lower right corner of the map, where the elements are placed that posses the high values of attributes of right map side and low for the left side. 

Thanks to the color of the map one may trace the trends arising between the elements of population and the examined attributes. If the attributes different properly, the map should look as the ideal one: the darkest fields on the diagonal leading from the upper left to the lower right corner. The shading of the fields should be the lighter, the further the field is from the mentioned diagonal. This shows that choosing the proper attributes and providing the proper weights for them one should drive to get the map reminding the ideal one. 

3.2   Quality analysis of the examined 
e-learning materials

The following points there has been executed the analysis of results of the examination, basing on measures described in paragraph 2. 

3.2.1 Existence – level I 

The data analysis has been executed for the  population of 57 materials, basing on the statistical package GradeStat. The following problem has been taken into consideration: what is the of influence the existence or lack of didacticaly essential elements of the second level upon the note for material as whole. Fig. 2 shows the overrepresentation map for the main elements of material: Introduction, Main content, Summary and Evaluation. 

     The received map doesn’t remind the ideal. It doesn’t contain the dark diagonal. This means one can not determine which attributes differ the population. The middle columns of the map are Main content and Introduction. Those are the elements which exist in nearly all tested materials, so one is not able to differ the materials with their help. The rows with the subsequent material evaluations (notes) are mixed, so those attributes also can’t be the basis to differ the population. If it was different, the materials should be grouped by notes, for example the upper rows should represent materials with high notes, the lower rows – materials with low notes. 
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Properly choosing weights to columns – Summary=1, Evaluation=1, Main content=5 and Introduction=3, allows sorting the population by note. This is shown by Fig. 3. 

     One may observe the tendency to group the good materials, with notes 5.0, 4.5 and 4.0 within the upper part of the map. All the elements of the tested population contained the Main content, so the representing it column is not placed on the edge of the map and doesn’t differ the population. It is of course wider than other columns because of the highest weight, what means it has posesses strongest influence upon the note, set by the respondent in case of the particular material. It should be also notified, that the existence of Introduction also has a big influence on this note. 

3.2.2 Time

During the analysis of the received data it came out that one of the partial measures for this note had been set hard for the respondents. This has been time, spent for work with the particular element. 
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     In the didactically proper material, the main elements should have a special proportions: Introduction should take about 10%, Main content – about 65%, Summary – about 10% and Evaluation – about 15% of the whole material [1,2]. Those are proportions estimated on the basis of traditional materials and number of pages in the books. The e-learning materials are often based on mutimedias – instead of counting pages, there has been estimated the working time for the whole e-learning material and its particular elements. 

     For the needs of the analysis there has been incorporated 67% of the data regarding the tested materials, as only for those data the respondents stated the proportions between the main elements.

The gathered results for this partial measure are presented on Fig. 4. On the horizontal axis there were checked the tested e-learning materials, described with the material evaluation set by respondent. The first bar from the left, described P like “pattern”, shows proportions of pattern material.

The elements of tested population were sorted descending from left to right, due to note of the material as whole. Each bar consists of four parts, representing each element of materials. The size of the part represents the size of the element as a percent of the material as whole. 
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      On the diagrams below (Fig.5, Fig.6, Fig.7, Fig.8) for each advised material element there are shown supporting measures: sample value, mean value, average deviation from mean value, average deviation from sample value and the standard deviation. The above mentioned values were counted for the 6 material groups due to the notes for the whole material: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0. 
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Fig. 5 The values of supporting measures for Introduction.
Analysing the Fig. 5 one may find, that the mean values and the average deviations from sample are within close range for all the groups of notes. For the group 5.0 these values are little higher, being the result of presence of material population with very high notes, but with lack of Summary, and the working time of the respondent with Introduction and Main content has been equal, at the level of 42% of the total working time with the material as whole.

     One may make similar deliberations for Main content – Fig. 6. For the materials noted as good, that means 5.0, 4.5 and 4.0 the average deviations from the pattern are small, and the mean values are close to the pattern ones. Analysing the Fig. 6 one may find, that the values of the average deviations from the pattern grow from 5.0 group to 2.0 group.
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Fig. 6 The values of supporting measures for Main content. 
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Fig. 7. The values of the supporting measures for Summary. 
In case of Summary, as shown by Fig. 7, the analysis of the supporting measures stated, that the average deviations from the sample value are rather big. For good materials they do not exceed 6.0%, while the pattern value for Summary is equal 10%. The materials with strictly negative note, the 2.0, have a very low mean value, but high average deviation from the pattern. 

Fig. 8. The values of supporting measures for Evaluation. 
Analysing Fig. 8 one should notify, that the average deviations from sample are at the level of 6% – 7% for the groups with notes 5.0 and 4.5, and the mean values are close to the pattern. The lowering of mean value for the note 4.5 is connected with fact, that there existed materials within population, within which this element, Evaluation has been absent. For 
e-learning materials with lower total notes, the values of average deviations from pattern are higher.  

Estimation of proportions between the elements is extremely difficult in case of e-learning materials. It’s being made on the basis of respondent’s working time with the particular materials. Those materials have no linear structure, what makes the working time with the element highly dependent on the learning person, which didactical passage this person performs, does he use the additional explanations, multimedial presentations during learning, what level of base knowledge the person represents. 

3.2.3 Element note level I

Basing on the statistical package GradeStat there has been performed analysis of influence of elemental notes upon the note for the material as whole. 

Fig. 9 shows the overrepresentation map for the partial notes connected with level I elements. For the clarity of the picture, the columns were described with the notes of the material as whole. 
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     Analysing the figure it’s easy to notify, that materials are not sorted by total notes. None of didactical attributes is set higher than others, although the columns representing Main content and Introduction are wider, than the others. This certifies that for the whole population those elements were noted higher, then Summary and Evaluation. Accordingly, one should properly choose the weights of attributes, so the population elements become sorted by total notes.

Fig. 9. The overrepresentation map for the notes of level I elements. 

The similar analysis can be performed for the level II e-learning material elements. As example it gives possibility of choosing such Introduction elements, which have influence on the note for Introduction as a whole. 

3.2.4 Metrics modification

On the bases of executed analysis of e-learning material elements we may assume, that the influence upon the material quality is posessed by the partial notes for Main content and Introduction. In the modified metrics they should have higer weights than the other level I elements. Also the time spent for working with each element comparing with the whole material is important. Basing on the result analysis it can be determined, what are the limits for deviations from the sample for each attribute, that the materials have good quality. 

   The data analysis leads to conclusion, that there are other factors having influence on the quality note, than meritorical and didactical only. In most cases, as it comes out of respondents’ comments, the additional elements with positive influence to the 
e-learning materials quality note, are the working parameters, resulting from the environment these materials are used. Due to this fact it becomes right to consider two additional element groups within the metric:

I – technical parameters:

· ease of basic installation and starting, not requiring the informatic skills, note range: 0–5,

· ease and availability of additional technical elements instalation, necessary for work with the e-learning material, note within range 0 – 5,

II – working parameters:

· simple and usefullness help system, making solving the problems easy, note scaled 0 – 5,

· readable and consistent navigation system, active elements easy to operate, note within the range 0 – 5,

· multimedial elements (audio, video, graphics), the percentage of contents in comparision to the whole material,

· user-friendly interface – setting, colors, proper size and clarity of characters, note within the range 0 – 5.

In the opinion of paper authors, the new quality metrics for e-learning materials should include the above partial measures. 

4   Conclusion 

The article contains the description of result analysis of testing the few dozens existing didactical materials, which support e-learning, available for example from WWW. 

      What comes out of the performed analysis, the well noted e-learning materials fullfill the didactical quality requirements – proper structure, inclusive the essential didactic elements, satisfying quality of those elements. 

Considering the examined population one may observe, that the distribution of total notes looks as follows: 2.0 – 7%, 3.0 – 22%, 3.5 – 11%, 4.0 – 36%, 4.5 – 9%, 5.0 – 15%. Those results are not optimistic. There are more materials noted 3.0 – “sufficient” – than noted 5.0 – “very good”. There is the need of modification for the “weaker” materials. 

     The inquiring of the article authors lead actually towards performing the statistical research, allows to make the good choice of attributes making possible to set the quality evaluation. 

It’s also interesting to include within the analysis both the attributes of the people, incorporating the examined materials and the kind of e-learning materials (virtual books, courses without the interaction with teacher, materials supporting the distance learning – with the distance interaction with teacher).
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