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ABSTRACT
Purpose
This paper aims to present a teaching approach to achieve the most personal support for students with different backgrounds and preferences in studying an Informatics course.
Design/methodology/approach
The presented methodology is based on the main principles of flexible and blended learning. The authors considered three main aspects: student’s background, the level of knowledge and the most suitable style of learning. At the beginning of the course students were randomly divided into reference and test group. The test group students were continuously supported by different tools within an e-learning environment. The learning process for the reference group students was held in a traditional form.
Findings
The success of the experiment presented in this paper is demonstrated by comparing the results of the test group who was taught using the new strategy with the reference group, taught in a common way. The statistical analysis shows that the test group students had better achievements compared to the reference group.
Research limitations/implications
The presented research was carried out with non-IT first year university students from social sciences, economics and technical faculties. Each year the number of students varied from 150 to 300.
Originality/value
Based on developed methodology the model of individualization of the educational process in an e-environment was created and implemented in the course of Informatics in Tallinn University of Technology.
KEYWORDS
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INTRODUCTION
High level higher education is one of the most important aspects in the social development of a country. How can a learner get it? What can an educator do to provide it? First of all, both parties should be aware and using modern techniques that help raise learning effectiveness. 
At present there are so many opportunities to deliver information and knowledge, especially with the help of the World Wide Web. The Internet has quickly spread into all areas of human life around the world. In Estonia it is impossible to imagine an everyday activity without some e-components: e-government, e-school, e-health, etc. Furthermore, e-learning is also a rapidly developing possibility with various platforms. 
The main goal of e-education is to provide knowledge for each learner in the most suitable form. However, huge amounts of information from different sources do not guarantee perfect knowledge. Therefore, educational e-materials have to be carefully selected and structured to provide for the needs of the learners. It is a new paradigm of the present-day education.
In modern times, all information and, as a result, all knowledge is rapidly changing, making it impossible for educators to predict exactly what the contemporary student will need to know tomorrow – on the next level of his study or in their future work. Instead, teachers have to be helping students to develop the necessary habits and skills which would enable students to learn whatever they might need in their future.
At the moment, Informatics is a continuously and rapidly changing subject in the university curriculum. The main purpose of computing courses, therefore, should be to develop computational thinking and skills needed to use the standard PC equipment on an advanced level, as well as to help users understand and follow the latest trends in the field of IT. 
The contents of an Informatics course often seem to be inextricable for the first year non-IT students. There are several reasons for it: from low motivation to the absence of the real IT-projects during the first year at the university. Gradually, it has become obvious that IT-courses need to be innovated and the needs of the target audience have to be taken into account: we need more flexible learning possibilities and as much individualization in the teaching process as possible.
The course outline
The Informatics course under discussion belongs to the curriculum of all specialities and it has been designed for the first year non-IT students. It lasts for two semesters and is taught in two languages: Estonian and English.
The main purpose of this course is to develop computational thinking by means of creating applications (using spreadsheets and some programming environments). The learning process starts with processing and analysing data in MS Excel: writing formulas, using built-in functions and drawing charts. The amount and topics of practical tasks and the theoretical material depend on the students’ faculty: social sciences, economics, chemistry, civil engineering or mechanics. 
In the second part of the course students learn the basics of modelling and programming in practice. Python and Visual Basic for Application (VBA) are the programming languages used.
It should be mentioned that this part of the Informatics course used to be rather complicated for most of the students, especially students from the economics and social sciences departments. Difficulties at the start of programming tasks were solved by implementing graphical programming as an introduction to the course. After several years of experiments we chose the graphical programming environment Scratch as the main tool to introduce the main programming steps (MIT Media Lab, 2015). Scratch is a very intuitive language and greatly helps learners to take on board the main concepts and terms of modelling and programming such as the variable, subroutine, process, branching or cycle.
During the course, we try to use and combine different styles of teaching and learning: the orthodox face-to-face classroom method, pair or group work and, especially, students’ independent learning in the e-environment. A learning environment such as Moodle (Moodle Trust, 2015) provides us with a great variety of different additional opportunities, which enable making the learning process more flexible and more individual. A major way is the learning pace adjustment and variety in the number of learning assignments, which are based and matched with students’ level of knowledge and their learning styles.
The main learning outcomes of the Informatics course are listed below. Students who complete the course:
· Acquires the foundations of independent working skills.
· Can justify the feasibility of tools and methods chosen for problem solving.
· Is familiar with the principles of creating applications as well as the methods and tools used for it, and with the principal phases of the development process.
· Is familiar with the capabilities of mainstream application software and environments and can use these (spreadsheet software) efficiently to create applications. 
· Can use different types of data, also formulas, expressions and internal functions of spreadsheet software (Excel) in order to solve problems arising in the field of engineering. 
· Can create applications by using spreadsheet programs consisting of multiple linked tables that use formulas, validation, and lookup functions as well as table processing and data analysis tools.
· Is familiar with the principles of programmatic control, has a general idea of the nature of processes occurring in programs and can create simpler programs in Visual Basic for Applications (VBA).
· Acquires the foundations of problem analysis and system modelling.
· Can analyse relations between objects and provide rationale for the algorithms and methods applied. 
· Is familiar with the nature of data and objects and can specify them and use them in programs.
· Is familiar with and can describe using VBA/Python and UML activity diagrams main activities occurring in programs and algorithms.
· Is familiar with the nature and main concepts of object-oriented programming.
· Can compose programs consisting of multiple procedures and organize data flow between them.
· Can use graphical objects in programs; develop scaled drawings and schemes, movements, and animation in VBA.
To reach these goals the authors try to use modern technics and work out a teaching model that could help us to provide each learner an opportunity to participate in the learning process maximally effectively. 
The Course Evolution
3.1 The Background
Unfortunately, teachers cannot provide all learners with one-to-one tutoring at all educational institutions. However, this fact has not affected the main aim of the educational process – to guarantee high-quality knowledge and modern skills. During the experiments with our course structure and content, we considered the differences in students’ characteristics, especially their background (the faculty and the level of prior knowledge) and their preferred learning styles.
Since 2010, a group of lecturers from Tallinn University of Technology started applying a new approach to the design of the computer science courses. Year by year this approach has become more flexible and adaptive to the nature of every student.
At the beginning, we randomly divide all the students into equal reference and test groups. The division is not linked to the students’ specialization. The average number of members in each group is about 100-150; it varies depending on the general number of students at the university. It should be noted that students are not aware of the research. The reference group is taught using the same course materials but these students are not supported with any additional systems. The students of the test group are directed in choosing their e-learning materials based on the data obtained through the tests in the e-environment.
Our intention here is to compare the results of these two groups at the beginning and at the end of the course.
At the beginning of the course the students are tested to find out their level of knowledge in the Informatics subject. Experience has shown that such testing is necessary for the development of the course content. The purpose is to keep track with new times and main trends, as the computer science is one of the fastest-developing sciences (College Board, 2015), (CSTA, 2015). At the same time it is necessary to follow the situation in our country schools to have an opportunity to predict the level of knowledge of future students.
The nature of the tests for both groups is similar and based on the concepts defined in the European Computer Driving License (ECDL) (ECDL Foundation, 2015). The assignments focus on some principles of the work with the PC, like creating text documents and presentations, handling information using the spreadsheets, and elementary programming knowledge. Tests include both practical and theoretical tasks.
The programming category of the questions was added to the test some years ago and is currently developing rapidly. We bear in mind that a new elective course “Basics of Application Development and Programming” was recently included in the secondary school curriculum in our country and assume that this is already showing the first results. This course was designed and worked out at Department of Informatics of Tallinn University of Technology to raise the computing skills among the school pupils in Estonia.
The current situation of teaching computer sciences at Estonian schools is quite discrepant. Some secondary schools do not have informatics lessons at all, in some schools it is taught only for two or three years, which is a very short period to prepare students for the university level. This drawback is associated with two main reasons. The first one being that there is no nationwide Informatics curriculum in our country. The second one is that Informatics subjects are not mandatory in our primary and secondary schools. A logical consequence of these reasons is the situation where each school teacher introduces learners to the material at his own discretion and style: certain pupils draw in Paint, others learn the computer hardware in theory, etc. 
In connection with this, the level of PC skills among non-IT learners falls every year and reduces to commonplace Facebook usage. The follow diagram (Fig. 1) shows the last year statistics about non-IT testing at the beginning of the Informatics course. The feasible maximum number of points is 100. As can be seen, the level of computer skills is quite low and steadily decreasing.

Figure 1. The averages of the beginning test
We are also faced with another problem: school pupils who have obtained sufficient informatics-knowledge at their schools or additional courses often become IT students at university level. Unfortunately, they are not our audience.
In the current work for innovating the Informatics course and individualization of the learning process the authors can name the main strategy – a maximally effective use of the e-environment with its possibilities. E-learning allows modern students (with a personal computer, connected to the internet) to attend the course anywhere and at any time. It is very important to get the material or submit the homework on time regardless of whether the student is or is not at the university.
3.2 E-course
The first phase, which we named “e-course”, includes the adaptation of educational materials for the e-environment in Moodle. 
Uploading a set of lecture materials and exercises into a learning environment does not ensure that students comprehend it and obtain necessary knowledge. Therefore, in order to make study materials suitable for an e-course all teaching materials (theory as well as materials for practice) were thoroughly revised. Our aim was to provide an effective delivery of the online content. To achieve this goal we aimed at working out a new pedagogical and didactic policy as well as strategies for the new e-course.
Theoretical materials were innovated and supported with learning videos. It should be noted that in our course we use not only video lectures but also short screen-captures, which explain the most complicated tasks. Creating these videos, the authors adhered to the principles of Khan Academy (2015). Practical tasks of the course were reconsidered and supplemented with various group and pair work tasks and also self-tests. These innovations made the Informatics course more dynamic and attractive for our students. Both groups, the test and the reference group got access to this renewed course. 
At the same time, we have not abandoned the standard lessons in computer classes. They were held as usual but now we got many advantages. Due to the e-lectures and visual explanations in Moodle we had more time for practical training in contact lessons. It is necessary to mention that students have no access to practical exercises unless they solve the tests which are based on the theoretical material of each topic. Thereby students come to the lessons already prepared for the practical tasks. Often they get a few small practical tasks in the e-environment and afterwards, in class, they use already ready solutions to solve the bigger tasks. 
It is generally known that effective computing is impossible without practice. During face-to-face lessons students work in pairs or groups and are given an opportunity to try the obtained knowledge in practice. Moreover, such kind of work develops teamwork skills, which is very important, especially for the first-year students during their first semester.
In such case, the role of the classical educator is slightly different – the lecturer becomes more of a supporter in the students´ team work of their learning assignments. During contact lessons learners have an opportunity to ask questions related to their homework and share their practical skills and experience with the rest of the group. Practical knowledge transferred in such a way is obtained much faster than in standard lectures. This fact was confirmed by the results of student tests and feedback. 
In their feedback students named another advantage of such practical lessons: they have an opportunity to get support or to ask something not only from their teacher but from other students, too. It should be mentioned that this form of support is equally important and useful for both sides: the one who gets it and, especially, for the one who gives it. To detect, explain and, afterwards, to correct a mistake in calculations or in the program code is a substantial practical skill in computer science subjects. 
In addition, in an e-environment students get their practical assignments in accordance with their specialities but still united under a common subject topic. For example, students from the economics department get more tasks related to table calculations; social sciences students implement the information filtration, statistics calculations and various requests.
It should be noted that the course materials are organized sequentially and it is not possible to get a new portion of theoretical materials and practical tasks without solving the previous ones. Thanks to checking opportunities in the e-environment, like tests or self-tests, teachers do not have to spend time on routine inspection of the assignments at all. Using the automated checking tools gives students an opportunity to learn within their own pace. They do not have to wait for the feedback on the assignments from the lecturer and his/her manual permission to proceed onto the next level. E-checking systems do it faster and as many times as is needed.
In addition to the aspects mentioned above we and our learners use forums very actively in our course. This way the students get an opportunity for online communication and fast online help. Our aim was to show that they can get support and advice any time, and can also share their ideas, problems and solutions. Through these forums we often get perfect brainchildren for group work and individual assignments. 
Another advantage that non-IT students have when they participate in the e-course is that their technical skills improve.
Transition to the Moodle e-environment gave our educators an opportunity to follow students´ progress and it became fairly easy to get the statistical data of different samples for analysis, development and improvement of the implemented learning methods.
It makes no sense now to recount all the advantages that we achieved during the first stage of our modification of the course. Such benefits have already been systematized and described in detail in different sources (Broadbent, 2002). However, we would like to mention the first positive results of our work: students’ feedback and increase in academic achievements. The data was extracted from an e-environment, where students and teachers get information about the courses and curricula, students declare courses, keep results and give anonymous feedback on their educational process. The authors do not present specific data in numbers in this paper because the transition of the course into e-learning took place a long time ago.
3.3 Prior knowledge
Starting from the second stage, which the authors entitle “prior knowledge”, experimental work takes place only with students from the test group. The students of the reference group are taught as usual.
At the beginning of the course we start with dividing the students into three e-streams based on their readiness for Informatics subjects. This division was realized through an e-test and implemented in the Moodle environment. The students, however, were not aware of the experiment.
In the described division we proceeded from the level of students’ knowledge required to start the course. Those students whose e-test results are more than 85 points we named “experts”; “advanced users’” result is between 60 and 80 points, other students are called “beginners”.
The named groups of students receive different amounts of practical and theoretical tasks in Moodle, with different levels of difficulty. To move to the next topic the mandatory set of exercises has to be solved. In the e-environment, the “beginners” and “advanced users’” have to solve their sets of tasks before they get access to “experts’” exercises – the main material of the course curriculum. “Advanced users” solve their tasks and can proceed to the main topics (Fig. 2).

Figure 2. The distribution of practical assignments.
These additional sets of tasks are catered for exactly what learners need to know for the current Informatics course. Students do not need to pay for any additional IT-courses and they get all the materials and assignments centrally, in one place – the Moodle e-course, in parallel with their main studies.
To automate and speed up the checking of the increased number of tasks we have developed a special e-tests system in the Moodle. 
Thereby, we could increase the amount of practical assignments for students with different levels of readiness without increasing the subject hours and students’ load. This stage of the course innovation gave us an appropriate level of the students’ readiness for face-to-face lessons.
The above mentioned method provided our Informatics teachers with actual and important information about what the learners knew before starting the course. Every year we get an overview of the current situation of Informatics subjects at secondary schools in our country. Moreover, according to the results, we are able to provide students with the necessary learning materials. 
3.4 Learning style
The third part of our innovation experiment with the course modification is the “learning style” phase and it was also realised in Moodle. This stage is a continuation of the test group’s students division into groups. There is a lot of research about the individualization of learning depending on students’ abilities (Kolb, 1984), (Palmer, 2011), (George Lucas Educational Foundation, 2014). In our course Felder-Silverman model was picked out as the basis for the distribution (Felder & Spurlin, 2005), (Felder & Brent, 2005). In this stage we could maximize the use of the Moodle e-opportunities.
Learning styles are characteristic cognitive, affective, and psychological behaviours that serve as relatively stable indicators of how learners perceive, interact with, and respond to the learning environment. Students learn best when instruction and learning context match their learning style.
Depending on their learning style, Felder differentiates between the following groups of learners:
· active and reflective
· sensing and intuitive
· visual and verbal
· sequential and global.
For better comprehension of the topic we give a brief description of the learners’ types.
Active learners acquire new knowledge best by doing, discussing and explaining it to others in a group. At the same time reflective learners first think about it alone.
Sensing learners like learning facts and solving problems by well-known methods. Intuitive learners prefer discovering new possibilities and relationships and they are more innovative. 
Visual learners remember pictures, diagrams, charts and videos best. Verbal learners prefer written and spoken explanations.
Sequential learners like step by step studying, where each step follows logically from the previous one. Global learners prefer to get information by large portions and randomly.
Through a test, we learned that the majority of our course participants in the test group were active and visual learners and they had very strong preferences for their learning process. These preferences were detected according to the Felder test, which was held at the beginning of the course. It should be noted that each year the number of active and, especially, visual students increases (Fig. 3). 

Figure 3. The increase of the number of the visual and active learners
Throughout the educational process, students were provided with necessary learning materials and activities in accordance with Felder’s instructions. 
For example, active learners automatically received more group work and opportunities to help others – they could check and correct other students´ work and assignments in Moodle; they answered questions in the e-course forums and took the role of a tutor in face-to-face classes. It should be mentioned that they did it with pleasure. For visual learners, a great variety of visual representation of the educational materials (that was already mentioned above) was provided. Interests and preferences of the other types of learners were also taken into account. 
Programming Basis for Visual Learners
As mentioned above, the majority of the course participants are visual and active learners. For visual learners it is very important to see “how it works” and for active – “to try it out”. In the most complicated module of the Informatics course, programming, we found a solution – maximum visualization.
Our introductory module, with Scratch as the main tool with its graphical elements, is already perfectly visualized. Scratch´s dynamics and attractiveness helps visual students to understand the main ideas of the created applications. Working in this programming environment, active learners can manually modify some program elements and immediately see the result. Moreover, there are no syntax mistakes in Scratch that greatly facilitates the programming process. Therefore, introduction to programming in our course has already been visualized (Fig. 4).
The next module, VBA or Python, is rather complicated for non-IT students. What can be visualized there?
VBA already has a built-in visualising tool: students can follow the code execution using the Locals Window (Fig. 5). The named window automatically displays all the declared variables in the current procedure, their names, types and values in the real time. When the Locals Window is active and visible, it automatically updates during the time the program is running – visual students can follow the code and check each step and its result in their applications, especially if they run programs in step-by-step mode.
	[image: ]
Figure 4. Scratch program
	[image: ]
Figure 5. VBA visualizing tool – Locals Window


Besides the Locals Window it is possible to use the Immediate Window to reach the same goal: check and correct mistakes and understand the program structure.
Unfortunately, Python does not have such an opportunity, but in spite of this, it still needs to be visualised for the beginners in programming. Therefore, we introduce the Online Python Tutor to our students. Using this internet application they can follow each step of their program code and check the variables’ values, types and the order of the operators during the execution. It has to be mentioned, though, that the online tool has some drawbacks, as it does not support the Python graphics, time functions and files processing. However, for the beginners in coding the application gives an understanding of the main principles of program construction and code execution (Fig. 6). There have been cases when students started to write the program not in Python environment but directly there, on the internet. 
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Figure 6. Python visualizing tool
Using these online and built-in tools we could raise the interest to programming among the non-IT students in the second part of the Informatics course. 
Comparing the Results
5.1 The Method of Analysis
Throughout the described experiment, good exam results and positive students feedback showed us the positive effect of the curriculum and course modifications. After, it was decided to examine the data with statistical methods. The aim of this examination is to check the correctness of the chosen approach and direction to an educational process.
As the method of the hypothesis testing, the Student’s t-test for the comparison of the two means was chosen. This test assumes a normal distribution of samples and not significant differences between the standard deviations of either samples. Our aim is to show that there were no significant differences between the test and reference group students in September 2014, while in January 2015 the results are significantly different.


For calculations we use the equations for the averages  (1) and corresponding standard deviation  for both groups (2):

	 (1)

 (2)

After that, we calculated the standard error  using the equation 3.

	 (3)

Finally, using equation 4 we calculated the experimental value :

	 (4)

In addition, to compare this value with theory we need to calculate the degree of freedom  using equation 5:

	(5)
As initial data for calculations, we chose September 2014 students’ test results of the test and reference groups and the same groups’ results in January 2015 (cf. Table I in the Appendix).
Both samples are in the equal size: n=75 and distributed normally (Fig. 7 and Fig. 8). 

Figure 7. The distribution of the test group results

Figure 8. The distribution of the reference group results
The two means and the corresponding standard deviations are calculated by using the equations 1 and 2:




Now we see that there is no significant difference between the standard deviations in either groups. It means that we can continue with Student tests.
The standard error of the difference between the two means is calculated by using equation 3:



Experimental  value is calculated using equation 4:



To compare this value with the theoretical  we need to calculate the degree of freedom using equation 5:


Using equations 1 to 4 we then calculated both groups´ results in January 2015:








5.2 Results of the experiment

Using the table of theoretical  values with the corresponding degree of freedom (cf. Table II in the Appendix) we found that the means of September results are not different at any critical level:


This means that at the beginning of the course both groups of students, the test and reference, had the same level of knowledge.
January 2015 results are the opposite – the means are different at critical levels.


It shows that the students who were taught using our system of the learning process individualization obtained knowledge much better than the others.
The progress of both groups is shown in the Figure 9 and Figure 10:

Figure 9. The test group progress

Figure 10. The reference group progress
These results confirm the validity of our study and the chosen method of course individualization.
Discussion
This research investigates how the considered three-stage individualization of the learning process positively affects the students’ knowledge, motivation and academic progress, as a result. 
The two main findings are presented in this paper: prior knowledge and learning style and their integration and collaboration. After course transition to the e-learning environment it is firstly important, to take into account students’ prior knowledge to provide them the required additional support. Secondly, to consider how do they learn better, to provide the understanding and knowledge obtaining in the most effective way.
Classroom activities of teachers and students took place in mutual communication. Therefore, the guidance and the formative role of the teacher was realized in the creation and review of the theoretical material and the material in practical classes. 
On the other hand, the supportive role of the instructors of the presented Informatics e-course become less noticeable and unostentatious for students. It gives learners the opportunity to feel some kind of independence in learning process thereby greatly increasing their motivation and learning activity.
During the process of upgrading the Informatics course, authors were able to create a model of individualization of the educational process in an e-environment, which considers the level of students´ prior knowledge and their preferences in the learning process (Fig. 11).
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Figure 11. The model of the course
Applying this model, instructors try to find an individual approach to each student in the Informatics e-course and make it more flexible. Furthermore, as shows the anonymous feedback, it was possible to make the Informatics course more interactive and more attractive for the first year students.
The main results of presented research are valid and reliable, as they have been statistically examined and not based only on observation.
CONCLUSIONs and future work
The model of blended and flexible learning, presented in the article, shows positive outcomes and trends of the strategy and suggests that there are no unreachable aims in an educational process. The comparison of two relevant groups, the test and reference, demonstrates significant differences in achievements at the end of the first part of the course. The feedback, received from the groups, was also different: the reference group was more motivated an interested in the learning process. 
The authors intend to continue with the created model and develop the Informatics e-course for non-IT students in the chosen direction, trying to maximally adapt it to students with different preferences and backgrounds. 
The next step of the present research is the extension of the model of individualization to the first year IT-students’ courses aimed at continuous improving the quality of education in Tallinn University of Technology.
APPENDIX
Table 1. The test results of both groups
	September 2014
	January 2015

	Groups’ results
	Groups’ results

	Test
	Reference
	Test
	Reference

	45
	17
	34
	19
	72
	67
	75
	75

	67
	53
	54
	43
	88
	96
	81
	76

	53
	23
	26
	23
	79
	88
	75
	76

	67
	24
	21
	28
	95
	94
	79
	87

	19
	29
	17
	29
	89
	56
	75
	98

	17
	29
	43
	65
	98
	89
	80
	99

	31
	27
	29
	27
	89
	99
	80
	57

	43
	34
	31
	53
	88
	100
	62
	68

	39
	31
	29
	32
	85
	91
	75
	87

	54
	31
	28
	31
	85
	87
	65
	67

	72
	51
	37
	42
	100
	97
	86
	77

	83
	71
	19
	45
	89
	98
	60
	78

	78
	43
	82
	34
	87
	98
	100
	87

	21
	22
	45
	12
	86
	98
	75
	87

	22
	22
	52
	22
	98
	69
	76
	76

	22
	31
	61
	45
	100
	79
	100
	75

	32
	38
	32
	19
	99
	79
	64
	65

	22
	38
	32
	19
	93
	79
	56
	63

	24
	52
	43
	34
	96
	68
	50
	79

	25
	19
	54
	24
	97
	98
	98
	86

	51
	21
	21
	21
	95
	94
	66
	87

	42
	27
	34
	28
	96
	95
	75
	87

	43
	34
	42
	32
	78
	97
	85
	76

	43
	65
	19
	64
	98
	97
	65
	56

	43
	61
	19
	45
	100
	96
	67
	65

	17
	50
	67
	50
	86
	94
	69
	68

	32
	60
	32
	60
	80
	91
	69
	87

	43
	34
	54
	32
	81
	93
	71
	76

	25
	69
	54
	61
	82
	95
	54
	76

	27
	47
	37
	35
	85
	94
	67
	56

	27
	45
	37
	35
	84
	100
	71
	71

	74
	39
	44
	62
	76
	100
	72
	46

	36
	75
	56
	18
	78
	76
	74
	63

	56
	15
	76
	17
	79
	79
	81
	70

	41
	26
	76
	69
	94
	83
	82
	56

	21
	25
	14
	73
	93
	89
	100
	100

	21
	24
	21
	74
	92
	98
	54
	88

	45
	
	34
	
	72
	
	75
	


Table II. Theoretical t values 
	Degrees of freedom
	Probability

	
	0,1
	0,05
	0,01
	0,001

	
	1,65
	1,96
	2,58
	3,29
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15	17	17	17	18	19	19	21	21	21	21	22	22	22	22	22	23	24	24	24	25	25	25	26	27	27	27	27	29	29	31	31	31	31	32	32	34	34	34	36	38	38	39	39	41	42	43	43	43	43	43	43	45	45	47	50	51	51	52	53	53	54	56	60	61	65	67	67	69	71	72	74	75	78	83	9.175770285892431E-3	1.0628840161766923E-2	1.0628840161766923E-2	1.0628840161766923E-2	1.1383939948927111E-2	1.2153163716050382E-2	1.2153163716050382E-2	1.3716804512378411E-2	1.3716804512378411E-2	1.3716804512378411E-2	1.3716804512378411E-2	1.4501729431667606E-2	1.4501729431667606E-2	1.4501729431667606E-2	1.4501729431667606E-2	1.4501729431667606E-2	1.5281876260213125E-2	1.6051794526245427E-2	1.6051794526245427E-2	1.6051794526245427E-2	1.6805852092817236E-2	1.6805852092817236E-2	1.6805852092817236E-2	1.7538300799131296E-2	1.8243347215782527E-2	1.8243347215782527E-2	1.8243347215782527E-2	1.8243347215782527E-2	1.9548283979751002E-2	1.9548283979751002E-2	2.0676302797194505E-2	2.0676302797194505E-2	2.0676302797194505E-2	2.0676302797194505E-2	2.1161188409918052E-2	2.1161188409918052E-2	2.1950503734122533E-2	2.1950503734122533E-2	2.1950503734122533E-2	2.2475484214579469E-2	2.2716098935474389E-2	2.2716098935474389E-2	2.2726426201938866E-2	2.2726426201938866E-2	2.252662007565218E-2	2.2318424130015755E-2	2.2040480113437524E-2	2.2040480113437524E-2	2.2040480113437524E-2	2.2040480113437524E-2	2.2040480113437524E-2	2.2040480113437524E-2	2.128659490745341E-2	2.128659490745341E-2	2.0293243610825799E-2	1.84350627550793E-2	1.7738725033427653E-2	1.7738725033427653E-2	1.7013364847456611E-2	1.6264775053696692E-2	1.6264775053696692E-2	1.5498723812962448E-2	1.3936759049136979E-2	1.0838617309857808E-2	1.0096061458003444E-2	7.3580836322216349E-3	6.1604335840188566E-3	6.1604335840188566E-3	5.0911743330381244E-3	4.1532185574358164E-3	3.7329591960222966E-3	2.9864844179942032E-3	2.6582682648621028E-3	1.8384620092228338E-3	9.318551117855617E-4	Test results



Reference group in September 2014

12	14	17	17	18	18	19	19	19	19	19	19	21	21	21	21	22	23	24	26	27	28	28	28	29	29	29	31	31	32	32	32	32	32	32	34	34	34	34	35	35	37	37	37	42	42	43	43	43	44	45	45	45	45	50	52	53	54	54	54	54	56	60	61	61	62	64	65	67	69	73	74	76	76	82	7.112128722203832E-3	8.3973230280137943E-3	1.05166620210789E-2	1.05166620210789E-2	1.1263248100596618E-2	1.1263248100596618E-2	1.2024104486413143E-2	1.2024104486413143E-2	1.2024104486413143E-2	1.2024104486413143E-2	1.2024104486413143E-2	1.2024104486413143E-2	1.3571910753474354E-2	1.3571910753474354E-2	1.3571910753474354E-2	1.3571910753474354E-2	1.4349611985771235E-2	1.5123164561273912E-2	1.5887243621293907E-2	1.736482383329823E-2	1.8067011912782416E-2	1.8737240768129829E-2	1.8737240768129829E-2	1.8737240768129829E-2	1.9369941145323671E-2	1.9369941145323671E-2	1.9369941145323671E-2	2.0501408559683354E-2	2.0501408559683354E-2	2.0990193206771545E-2	2.0990193206771545E-2	2.0990193206771545E-2	2.0990193206771545E-2	2.0990193206771545E-2	2.0990193206771545E-2	2.1791743540604876E-2	2.1791743540604876E-2	2.1791743540604876E-2	2.1791743540604876E-2	2.2097074844679904E-2	2.2097074844679904E-2	2.2502484616932505E-2	2.2502484616932505E-2	2.2502484616932505E-2	2.2260168273379653E-2	2.2260168273379653E-2	2.1998755292436077E-2	2.1998755292436077E-2	2.1998755292436077E-2	2.1670609775774449E-2	2.1278818595592278E-2	2.1278818595592278E-2	2.1278818595592278E-2	2.1278818595592278E-2	1.8508864377463043E-2	1.7114971432707925E-2	1.6378699583953604E-2	1.5623776335903918E-2	1.5623776335903918E-2	1.5623776335903918E-2	1.5623776335903918E-2	1.4080214690184657E-2	1.1002619436899442E-2	1.0261862438529086E-2	1.0261862438529086E-2	9.5402475257157851E-3	8.1665123483675352E-3	7.5193473845993593E-3	6.313603046976402E-3	5.2334469513606718E-3	3.4597858652488612E-3	3.094731402116671E-3	2.4523390678697124E-3	2.4523390678697124E-3	1.1296236005284221E-3	Test results



Test group

September 2014	15	17	17	17	18	19	19	21	21	21	21	22	22	22	22	22	23	24	24	24	25	25	25	26	27	27	27	27	29	29	31	31	31	31	32	32	34	34	34	36	38	38	39	39	41	42	43	43	43	43	43	43	45	45	47	50	51	51	52	53	53	54	56	60	61	65	67	67	69	71	72	74	75	78	83	9.175770285892431E-3	1.0628840161766923E-2	1.0628840161766923E-2	1.0628840161766923E-2	1.1383939948927111E-2	1.2153163716050382E-2	1.2153163716050382E-2	1.3716804512378411E-2	1.3716804512378411E-2	1.3716804512378411E-2	1.3716804512378411E-2	1.4501729431667606E-2	1.4501729431667606E-2	1.4501729431667606E-2	1.4501729431667606E-2	1.4501729431667606E-2	1.5281876260213125E-2	1.6051794526245427E-2	1.6051794526245427E-2	1.6051794526245427E-2	1.6805852092817236E-2	1.6805852092817236E-2	1.6805852092817236E-2	1.7538300799131296E-2	1.8243347215782527E-2	1.8243347215782527E-2	1.8243347215782527E-2	1.8243347215782527E-2	1.9548283979751002E-2	1.9548283979751002E-2	2.0676302797194505E-2	2.0676302797194505E-2	2.0676302797194505E-2	2.0676302797194505E-2	2.1161188409918052E-2	2.1161188409918052E-2	2.1950503734122533E-2	2.1950503734122533E-2	2.1950503734122533E-2	2.2475484214579469E-2	2.2716098935474389E-2	2.2716098935474389E-2	2.2726426201938866E-2	2.2726426201938866E-2	2.252662007565218E-2	2.2318424130015755E-2	2.2040480113437524E-2	2.2040480113437524E-2	2.2040480113437524E-2	2.2040480113437524E-2	2.2040480113437524E-2	2.2040480113437524E-2	2.128659490745341E-2	2.128659490745341E-2	2.0293243610825799E-2	1.84350627550793E-2	1.7738725033427653E-2	1.7738725033427653E-2	1.7013364847456611E-2	1.6264775053696692E-2	1.6264775053696692E-2	1.5498723812962448E-2	1.3936759049136979E-2	1.0838617309857808E-2	1.0096061458003444E-2	7.3580836322216349E-3	6.1604335840188566E-3	6.1604335840188566E-3	5.0911743330381244E-3	4.1532185574358164E-3	3.7329591960222966E-3	2.9864844179942032E-3	2.6582682648621028E-3	1.8384620092228338E-3	9.318551117855617E-4	January 2015	56	67	68	69	72	76	76	78	78	79	79	79	79	79	79	80	81	82	83	84	85	85	85	86	86	87	87	88	88	88	89	89	89	89	89	91	91	92	93	93	93	94	94	94	94	94	95	95	95	95	96	96	96	96	96	97	97	97	97	98	98	98	98	98	98	98	98	99	99	100	100	100	100	100	100	9.0534629692756241E-5	2.7128575253014282E-3	3.4557769617774904E-3	4.3532268351709801E-3	8.1374684329666522E-3	1.6024441623125382E-2	1.6024441623125382E-2	2.1028628119598117E-2	2.1028628119598117E-2	2.3688920412971128E-2	2.3688920412971128E-2	2.3688920412971128E-2	2.3688920412971128E-2	2.3688920412971128E-2	2.3688920412971128E-2	2.6389214938801451E-2	2.9070636824791021E-2	3.166864591570305E-2	3.411546667340945E-2	3.6342936245270824E-2	3.8285610923955535E-2	3.8285610923955535E-2	3.8285610923955535E-2	3.9883937255950144E-2	3.9883937255950144E-2	4.1087275180922318E-2	4.1087275180922318E-2	4.1856559796187208E-2	4.1856559796187208E-2	4.1856559796187208E-2	4.2166406784300912E-2	4.2166406784300912E-2	4.2166406784300912E-2	4.2166406784300912E-2	4.2166406784300912E-2	4.1382177737403741E-2	4.1382177737403741E-2	4.031410529260207E-2	3.8837170654843184E-2	3.8837170654843184E-2	3.8837170654843184E-2	3.6998576450388045E-2	3.6998576450388045E-2	3.6998576450388045E-2	3.6998576450388045E-2	3.6998576450388045E-2	3.4855339663683566E-2	3.4855339663683566E-2	3.4855339663683566E-2	3.4855339663683566E-2	3.2471361415639666E-2	3.2471361415639666E-2	3.2471361415639666E-2	3.2471361415639666E-2	3.2471361415639666E-2	2.9914279651922691E-2	2.9914279651922691E-2	2.9914279651922691E-2	2.9914279651922691E-2	2.7252319674529096E-2	2.7252319674529096E-2	2.7252319674529096E-2	2.7252319674529096E-2	2.7252319674529096E-2	2.7252319674529096E-2	2.7252319674529096E-2	2.7252319674529096E-2	2.4551344117664804E-2	2.4551344117664804E-2	2.1872274410612146E-2	2.1872274410612146E-2	2.1872274410612146E-2	2.1872274410612146E-2	2.1872274410612146E-2	2.1872274410612146E-2	38,64	38.64	38.64	38.64	38.64	38.64	38.64	38.64	0	7.1428571428571435E-3	1.4285714285714287E-2	2.1428571428571429E-2	2.8571428571428574E-2	3.5714285714285719E-2	4.2857142857142864E-2	89,16	89.16	89.16	89.16	89.16	89.16	89.16	89.16	0	7.1428571428571435E-3	1.4285714285714287E-2	2.1428571428571429E-2	2.8571428571428574E-2	3.5714285714285719E-2	4.2857142857142864E-2	Test results




Reference group

38,82666667	38.826666666666668	38.826666666666668	38.826666666666668	38.826666666666668	38.826666666666668	38.826666666666668	38.826666666666668	0	7.1428571428571435E-3	1.4285714285714287E-2	2.1428571428571429E-2	2.8571428571428574E-2	3.5714285714285719E-2	4.2857142857142864E-2	74,94666667	74.946666666666673	74.946666666666673	74.946666666666673	74.946666666666673	74.946666666666673	74.946666666666673	74.946666666666673	0	7.1428571428571435E-3	1.4285714285714287E-2	2.1428571428571429E-2	2.8571428571428574E-2	3.5714285714285719E-2	4.2857142857142864E-2	September 2014	12	14	17	17	18	18	19	19	19	19	19	19	21	21	21	21	22	23	24	26	27	28	28	28	29	29	29	31	31	32	32	32	32	32	32	34	34	34	34	35	35	37	37	37	42	42	43	43	43	44	45	45	45	45	50	52	53	54	54	54	54	56	60	61	61	62	64	65	67	69	73	74	76	76	82	7.112128722203832E-3	8.3973230280137943E-3	1.05166620210789E-2	1.05166620210789E-2	1.1263248100596618E-2	1.1263248100596618E-2	1.2024104486413143E-2	1.2024104486413143E-2	1.2024104486413143E-2	1.2024104486413143E-2	1.2024104486413143E-2	1.2024104486413143E-2	1.3571910753474354E-2	1.3571910753474354E-2	1.3571910753474354E-2	1.3571910753474354E-2	1.4349611985771235E-2	1.5123164561273912E-2	1.5887243621293907E-2	1.736482383329823E-2	1.8067011912782416E-2	1.8737240768129829E-2	1.8737240768129829E-2	1.8737240768129829E-2	1.9369941145323671E-2	1.9369941145323671E-2	1.9369941145323671E-2	2.0501408559683354E-2	2.0501408559683354E-2	2.0990193206771545E-2	2.0990193206771545E-2	2.0990193206771545E-2	2.0990193206771545E-2	2.0990193206771545E-2	2.0990193206771545E-2	2.1791743540604876E-2	2.1791743540604876E-2	2.1791743540604876E-2	2.1791743540604876E-2	2.2097074844679904E-2	2.2097074844679904E-2	2.2502484616932505E-2	2.2502484616932505E-2	2.2502484616932505E-2	2.2260168273379653E-2	2.2260168273379653E-2	2.1998755292436077E-2	2.1998755292436077E-2	2.1998755292436077E-2	2.1670609775774449E-2	2.1278818595592278E-2	2.1278818595592278E-2	2.1278818595592278E-2	2.1278818595592278E-2	1.8508864377463043E-2	1.7114971432707925E-2	1.6378699583953604E-2	1.5623776335903918E-2	1.5623776335903918E-2	1.5623776335903918E-2	1.5623776335903918E-2	1.4080214690184657E-2	1.1002619436899442E-2	1.0261862438529086E-2	1.0261862438529086E-2	9.5402475257157851E-3	8.1665123483675352E-3	7.5193473845993593E-3	6.313603046976402E-3	5.2334469513606718E-3	3.4597858652488612E-3	3.094731402116671E-3	2.4523390678697124E-3	2.4523390678697124E-3	1.1296236005284221E-3	January 2015	46	50	54	54	56	56	56	56	57	60	62	63	63	64	65	65	65	65	66	67	67	67	68	68	69	69	70	71	71	71	72	74	75	75	75	75	75	75	75	75	76	76	76	76	76	76	76	77	78	79	79	80	80	81	81	82	85	86	86	87	87	87	87	87	87	87	88	96	98	98	99	100	100	100	100	2.4318118977656542E-3	4.6855291278249944E-3	8.1904346479814549E-3	8.1904346479814549E-3	1.044061231562131E-2	1.044061231562131E-2	1.044061231562131E-2	1.044061231562131E-2	1.168077602298781E-2	1.5770800699730986E-2	1.8687985865331415E-2	2.0158262225294862E-2	2.0158262225294862E-2	2.1612308667212685E-2	2.303067731553244E-2	2.303067731553244E-2	2.303067731553244E-2	2.303067731553244E-2	2.4393253951754568E-2	2.5679717488328799E-2	2.5679717488328799E-2	2.5679717488328799E-2	2.6870034486095942E-2	2.6870034486095942E-2	2.7944972322906034E-2	2.7944972322906034E-2	2.8886612897125574E-2	2.967884783234867E-2	2.967884783234867E-2	2.967884783234867E-2	3.0307836129493747E-2	3.1034385485484931E-2	3.1118845534588532E-2	3.1118845534588532E-2	3.1118845534588532E-2	3.1118845534588532E-2	3.1118845534588532E-2	3.1118845534588532E-2	3.1118845534588532E-2	3.1118845534588532E-2	3.1014249852545757E-2	3.1014249852545757E-2	3.1014249852545757E-2	3.1014249852545757E-2	3.1014249852545757E-2	3.1014249852545757E-2	3.1014249852545757E-2	3.0722500742829204E-2	3.024888169030478E-2	2.9601898213217338E-2	2.9601898213217338E-2	2.8793023811077741E-2	2.8793023811077741E-2	2.7836361610146163E-2	2.7836361610146163E-2	2.6748235644458145E-2	2.288168591939458E-2	2.1458561348163853E-2	2.1458561348163853E-2	2.0001872836589493E-2	2.0001872836589493E-2	2.0001872836589493E-2	2.0001872836589493E-2	2.0001872836589493E-2	2.0001872836589493E-2	2.0001872836589493E-2	1.853097198340619E-2	8.0795597985570157E-3	6.1778143381342144E-3	6.1778143381342144E-3	5.352967976945771E-3	4.610116666764915E-3	4.610116666764915E-3	4.610116666764915E-3	4.610116666764915E-3	Test results





2010/11	2011/12	2012/13	2013/14	2014/15	2015/16	61.3	60.2	58.1	55.7	54.8	42.1	


Basic set	experts	advanced	beginner	0.5	0.5	0.5	Additional set for advanced users	experts	advanced	beginner	0.25	0.25	Additional set for beginners	experts	advanced	beginner	0.25	
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