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Abstract 

The paper shows how the methodology for a pedagogical experiment can be improved through including the 
pre-research stage. If the experiment has the form of a test procedure, an improvement of methodology can be 
achieved using for example the methods of statistical and didactic analysis of tests which are traditionally used in 
other areas, i.e. measuring the learning outcomes. In particular, we deal with measuring the impact of different 
text styles of educational texts on the rate of knowledge transfer. For this purpose we are using the methods of 
statistical and didactic analysis. Statistical methods allow us to determine working hypotheses on statistical 
significance of differences in didactic characteristics of tests used for measuring the learning outcomes. The 
working hypotheses, whose validity have not been rejected, show us the weak points of the experiment and allow 
us to improve it before the experiment has been run in the full scale. 
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1. Introduction 

Human learning is a non-simple process that may take place using different methods. Independently on the 
method, one of the most important present topics in education is the improvement of quality of the pedagogical 
process. This issue is of the same importance at schools (formal education) and in enterprises (informal or 
non-formal education) as well (EU Commission, 2014). The effort of improving the quality is also documented 
with the amount of public resources spent for enterprise education. This is related to the necessity of spending 
resources on education efficiently so that funds used for it do not become consumption but investment. 

1.1 The Role of Pre-Research for Efficiency Measurement 

As new approaches and innovative methods are establishing in education, at the same time new ways how to 
measure their impact on learning outcomes and students performance should be developed. To be systematic, 
any new metrics should be tested and verified before it has been deployed for the real measurement. In pedagogy, 
pre-research (pilot research, preliminary studies) are being used for this purpose. Nevertheless, to obtain results 
of satisfactory quality, even the pre-research has to be designed carefully, using appropriate qualitative or 
quantitative methods. In this work we focus on developing a particular methodology to carry out the pre-research 
to verify the properties and feasibility of the approach to measuring the efficiency of knowledge transfer through 
didactic texts. The following works inspired us to deal with this issue.  

Garner et al. (2009) focus on scientific research in pedagogical practice which is to pass through the following 
three levels gradually: pilot study, pre-research, and the actual research. These stages are mentioned in Cohen 
(1998) as well in an extended form. Garner et al. (2009) state that the pilot study is a kind of the first probe into 
the patterns that we plan to examine. Many pedagogical researchers (e.g. Cobern et al., (2014); Antony, 
Sivanathan & Gijo (2014)) carry out pre-research which is a reduced model of the actual research itself and 
which serves for verifying the properties of research tools and techniques, for testing the hypotheses, and for 
statistical processing of results without arriving to general conclusions. Furthermore, Garner et al. (2009) 
distinguish between actual ex-post-facto research and experiments, and he points out that experiment is more 
suitable for examining the process of education because at least one independent variable which is under the 
control of the researcher is used. Information about particular pedagogical experiments can be found e.g. in 
Leutner et al. (2009), Rosales et al. (2012). 
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1.2 Efficiency of Teaching through Didactic Texts 

Many authors (Tudor, 2012; Singer & Moscovici, 2008) deal with the problems of evaluating the education 
efficiency as well as with various pedagogic models. Rynne and Gaughran (2008) described the models of 
quality and efficiency on the pedagogic level. One of the frequently observed aspects of the efficiency of 
education is the efficiency of methods of teaching (Cobern et al., 2014), e.g. working with texts. The aim of 
experiments related to the analysis of teaching texts and textbooks is to clear up the importance of some 
properties and parameters of textbooks and their influence on the results of education (D. Newton & L. Newton, 
2009). Duric and Song (2012) or Asaishi (2011) focused on the analysis of educational texts. The aspects that 
were evaluated and measured included, among others, the measure of having the textbook equipped from the 
didactics point of view, the measure of the difficulty of the text, the analysis of terms, the measure of information 
density and so on. Within the framework of interdisciplinary cooperation among related branches of science 
which deal with acquiring the knowledge and working with it, pieces of knowledge from the area of “knowledge 
engineering” commence to be used in pedagogic and didactic disciplines. Knowledge engineering provides 
formalized models for representing explicit knowledge which is a subject of transfer and sharing during teaching 
or at expert consultations. A. Glava and C. Glava (2011) emphasize the importance of the general theory of 
systems and system approach for this purpose. System approach has been used for deriving a new representation 
of knowledge, the so-called knowledge unit (Dömeová et al., 2008) as well. The advantage of this representation 
is the possibility of expressing the formal model of knowledge in a natural language which makes it accessible 
for human users. It also allows to create educational texts which contain the knowledge in an explicit form 
(knowledge texts). Furthermore, systems approach is suitable for the creation of metrics for evaluating the results 
of education which constitute one of the indications of the quality of knowledge transfer (Rosales et al., 2012). 
As Rottensteiner (2010) states, the key variable is the extent of understandability of text for readers and students 
in this case. Other researches, e.g. Igbaria (2013), Menon and Mukundan (2012) or Rahimy and Shams (2012) 
proved the impact of different styles of educational texts (distinguished in design, structure, narrative style, etc.) 
on the learning outcomes and final performance of the students. 

In order to measure the efficiency of units and knowledge of texts on the education level, Houška and Beránková 
(2007) performed an experiment on small groups of users. It proved the feasibility of the proposed way of 
measuring; however, actual implementation of a follow-up study on a relevant sample of respondents and using 
statistic and economic methods has not been performed.  

1.3 Objectives and Working Hypotheses 

The objective of the paper is to demonstrate a way how to improve a particular experiment for a pedagogical 
research. We use statistical and didactic methods in the pre-research stage of pedagogical research for fine-tuning 
the imperfections of experiment methodology. Furthermore, we are aiming at proving or disproving the 
following working hypotheses:  

H1: The distribution of the results (measured in points) achieved in the pre-test and in the post-test is normal.  

H2a: The distribution of the knowledge transfer using knowledge text (measured in points) is normal. 

H2b: The distribution of the knowledge transfer using common text (measured in points) is normal. 

H2c: The distribution of the net knowledge transfer (measured in points) is normal. 

H3: The distribution of the time of reading a leaflet (measured in seconds) is normal.  

H4: Net knowledge transfer (measured in points) is influenced by the type of the text (knowledge text vs. 
common text).  

H5: Average net knowledge transfer (measured in points) is identical in all sub-areas of the topics (chemistry, 
legislature, practice, economy). The distribution of results for both groups A (experimental) and B (control) is 
normal.  

H6: All didactic characteristics (Q, P, nH, nL, ULI, p, q, p*q, see section 2 for their definitions) are identical in 
average for both groups A (experimental) and B (control).  

H7: Standardization of tests is identical in the post-test for both groups A (experimental) and B (control) 
(measured by the percentile ranking of students) and, at the same time, the distribution of results (measured in 
points) achieved in the post-test for both groups A and B is normal. 
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2. Methods 

2.1 Methodology of the Experiment 

The proposal of the experiment came into being within the framework of a project focused on transferring 
knowledge in the area of processing the agricultural waste. The aim of this experiment is to find out whether 
knowledge transfer is influenced by the type of the text, i.e. common didactic text versus text processed using the 
methods of knowledge engineering.  

The experiment has the form of a test procedure consisting of 4 parts: pre-test, educational text, post-test, and 
questionnaire. A period of 15 minutes is reserved for solving the assignments of the first section, a period of 30 
minutes is reserved for reading the test, a period of 15 minutes is reserved for solving the post-test assignments, 
and the test participants are presented with a questionnaire at the conclusion. 

Several pedagogic experiments (Ozuru et al., 2009; Tarchi, 2010) had already proven that the influence of the 
initial level of knowledge on further transfer in the process of education is significant; therefore, the experiment 
includes the pre-test, too, which is a tool for determining the initial level of knowledge of the test participants 
without the influence of educational text. 

Text is a tool of knowledge transfer from four sub-areas (chemistry, legislature, practice, economy) within the 
framework of the selected problem domain corresponding to the topic of the project, i.e. biogas and biogas 
stations. Each person participating in the test receives the text in the form of a leaflet where the knowledge from 
two sub-areas is captured using common educational text, and the other two are captured using knowledge text 
according to the methodology proposed by Houška and Rauchová (2013). There are 4 formats of the leaflet 
available in total and they use a 4-digit code consisting of 0s and 1s (1100, 0011, 1010, 0101) where 0 denotes a 
sub-area processed using the common form, 1 denotes a sub-area processed using the knowledge form, the first 
position of the code represents the sub-area of chemistry, the second position of the code represents the sub-area 
of legislature, the third position represents the sub-area of practice, and the fourth position represents the 
sub-area of economy. For example, a leaflet with the 1100 code contains the sub-areas of chemistry and 
legislature processed using the knowledge form and the sub-areas of practice and economy processed using the 
form of common educational text.  

Post-test is a tool for determining the effect of knowledge transfer using texts. Net knowledge transfer KTnetto in 
points is calculated using the following formula: 

netto POST PRE k oKT P P KT KT                                  (1) 

where KTnetto is the net knowledge transfer in points,  

PPOST is the number of points contained in the post-test,  

PPRE is the number of points contained in the pre-test,  

KTk is the net knowledge transfer in points using knowledge text,  

KTo is the net knowledge transfer in points using common educational text. 

The aim of the experiment is to find out whether KTk differs from KTo by a statistically significant amount.  

As the didactic tests (pre-test as well as post-test) constitute a tool for an experiment and they should be used to 
measure the knowledge transfer in a reliable way, it is necessary to verify their didactic properties within the 
framework of pre-research as well. Both tests contain 20 assignments with the choice of one correct answer; 
each of the four sub-areas is referred to by 5 questions. Garner et al. (2009) recommend to offer the choice of 
one out of six answers including the “I do not know” option for each question in order to prevent guessing an 
answer. The questions of the pre-test and the post-test survey the same information but they are formulated in a 
different way: where the pre-test assignment is presented in the form of completion of information, the post-test 
assignment contains it rephrased as a question requiring the completion of knowledge and, vice versa, where the 
pre-test assignment is presented in the form of a question requiring the completion of knowledge, the post-test 
assignment contains it rephrased as the completion of information. In each test, one half of the questions are 
formulated to require the completion the information, and the other half the completion the knowledge. 

Respondents were separated into two groups: experimental group (A) and control group (B). The experimental 
group worked with pre-test, text, and post-test and the control group worked with the same materials but in a 
different order: post-test, text, and pre-test. This reverse order is possible, because the questions in the pre-test 
and the post-test are aimed at the same information, but they are formulated in a different way, as mentioned 
above. This separation is important for testing the methodology of prepared pre-tests and post-tests and their 
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reciprocal correspondence.  

Questionnaire is a tool for finding out the opinions of the experiment participants on each text from the point of 
view of their understandability, difficulty of the topics or naturalness; in the pre-research stage, the questionnaire 
contains questions from the point of view of time available for each part, form of testing and others as well. 

2.2 Verification of Properties of a Didactic Test 

Garner et al. (2009) present several formulae that can be used for the verification not only of properties of each 
test assignment but of the didactic test as a whole. When analyzing the difficulty of test assignments, the 
difficulty value (Q) is calculated. It represents the percentage of test participants in the sample who chose an 
incorrect answer for given assignment: 

100 nn
Q

n
                                      (2) 

where Q is the difficulty value,  

nn is the number of test participants in the group who chose an incorrect answer or who did not answer,  

n is the total number of test participants in the sample.  

Sometimes, difficulty index (P) is expressed as the percentage of test participants in the group who chose the 
correct answer for given assignment: 

100 sn
P

n
                                      (3) 

where P is the difficulty index,  

ns is the number of test participants in the group who chose the correct answer,  

n is the total number of test participants in the sample. 

The sensitivity of test assignments is measured using indicators that express the discrimination ability of 
assignments, i.e. the extent of giving the test participants with better knowledge an advantage over the 
participants with weaker knowledge by given assignment. Therefore, it is necessary to split the group of test 
participants based on the total number of acquired points into two parts, i.e. test participants with higher score 
and test participants with lower score of points acquired in total, before constructing the actual indicator. There 
are many coefficients available for determining the sensitivity of test assignments; the simplest ones include the 
ULI (upper-lower-index): 

0.5
L Hn n

ULI
n


                                      (4) 

where ULI is the sensitivity coefficient,  

nL is the number of people from the better group who chose the correct answer for given assignment,  

nH is the number of people from the worse group who chose the correct answer for given assignment,  

n is the total number of test participants in the sample.  

All sensitivity coefficients acquire values ranging from -1 to +1; the higher the value of a coefficient, the better 
the ability of given assignment to distinguish among people with better knowledge and people with weaker 
knowledge. If the coefficient is equal to 0, it means that the success rate of people from both groups is the same 
for given assignment and the assignment does not distinguish between these groups; if the coefficient is very low 
or even negative, it means that the assignments are formulated in a complicated way or the assignments with 
answers to choose are difficult. 

According to Garner et al. (2009), when analysing the properties of a didactic test as a whole, its validity, 
reliability and practicality is considered. Validity is a basic property of a didactic test. Some authors (Zainal, 
2012; Naqvi et al., 2010) test the validity in order to find out whether the tests really examine what should be 
examined. Cohen (1998) states that the reliability of a didactic test indicates its dependability, i.e. whether 
repeating the test under the same conditions will lead to the same or similar results. Garner et al. (2009) measure 
the reliability in an exact way using the reliability coefficient which acquires values ranging from 0 to 1. For 
tests with the number of questions higher than 10, it is desirable for the reliability coefficient to acquire at least 
the value of 0.8. Reliability coefficients are calculated in several ways but the one used often is the 
Kuder-Richardson formula; among others, Miller and Achterberg (2000) use it in their paper: 
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where rkr is the reliability coefficient, 

m is the number of assignments in the test,  

p is the ratio of students in the sample who chose the correct answer for the test assignment,  

q is the ratio of students in the sample who chose an incorrect answer for the test assignment,  

s is the standard deviation for overall results of students in given test. 

By standardizing the didactic test, as stated by Jiang (2011), it is possible to compare the performance of an 
individual test participant to a representative sample of other test participants. A test standard is created to rank 
the test participant using a certain scale. The easiest method is standardizing using percentiles where percentile 
rank (PR) is determined using the following formula: 

0.5
100 k in n

PR
n


                                   (6) 

where PR is the percentile rank, 

ni is the frequency of given result, 

nk is the cumulative frequency of given result, 

n is the total number of test participants in the sample. 

The value of percentage rank determines what percentage of test participants in the reference group achieved a 
result that is worse or equal to the result of given test participant. 

2.3 Research Sample 

For the pre-research we had addressed 40 students (university and high-school) in total using social marketing 
during December 2013, thereby creating a non-representative selection sample; according to Garner et al. (2009), 
this scope is sufficient for the purpose of pre-research. 

The students participated in person in the whole experiment in the pre-research stage in smaller groups: there 
were 24 students in group A and 16 students in group B. Group A was presented with the pre-test and the 
post-test, group B worked with them in reverse order, i.e. its pre-test was identical to the post-test of group A and 
its post-test was identical to the pre-test of group A. In order to retain the equality of conditions, detailed 
methodology had been prepared for experiment administrators, too, who were supervising the experiment in 
order to ensure its proper course. By participating, the students actively contributed to the improvement of the 
methodology of the actual experiment itself which will take place in spring of 2014 with a representative sample 
of 300 test participants (people from the agriculture branch). 

2.4 Statistical Analysis 

In order to establish the basic idea about acquired data, indicators of descriptive statistics are used, especially the 
measure of central tendency and the measure of variance of acquired data which are described in detail in books 
(e.g. Lindsey, 2009). Furthermore, it is the calculation of the confidence interval for the average from the area of 
statistical induction (Basset et al., 2000), or the parametric testing of statistical hypotheses of equality of two 
averages (T-test) or of equality of two variances (F-test), as well as the testing of the assumption of normal 
distribution of data using the distribution test (Shapiro-Wilk test); these are described in detail in books 
(Gravetter & Wallnau, 2009). The method of single-factor analysis of variance (ANOVA) is used to determine 
the statistical differentness of averages for more groups. ANOVA is one of the most commonly used statistical 
techniques. It is a summary name for a group of very efficient methods with the common idea of decomposing 
the total variability into components that can be assigned to each reason of variability. The aim is to compare the 
level of studied quantitative variable in several groups which the basic set is decomposed into. The sorting 
criterion for decomposing the basic set into groups was one or more variables of the nominal type (Bassett et al., 
2000). For one-dimensional analysis of variance, the influence of one factor on a certain dependent variable is 
observed (Lindsey, 2009). 
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3. Results 

Pre-research took place in all stages: statistical processing of the results, testing hypotheses, and deducing the 
conclusions from the point of view of properties of each research tool (didactic analysis of tests). Firstly, the 
basic descriptive statistics were calculated; these are shown in Tab. 1. The maximum number of points acquired 
by test participants was 12 in the pre-test and 15 in the post-test; the average net transfer is 4.20 points which 
consists of the transfer using common educational texts by 52.38% in average while the remaining 47.67% 
results from transfer using knowledge texts. Text studying took the test participants 806.83 seconds in average, 
the longest time needed was 1201 seconds. This shows that the time of 30 minutes allocated for text studying is 
sufficient and it even allows for a margin. Furthermore, the frequencies of individual characteristics were 
represented graphically and the p values were calculated using the Shapiro-Wilk test (Tab. 2). The zero 
hypothesis declares that the data come from a set with normal distribution, the alternative one declares the 
opposite. For each observed variable, the p value is higher than the selected significance level α = 0.05; therefore, 
the zero hypothesis (H0) remains valid in all cases, declaring that the data come from a set with normal 
distribution. The graphical representation of the distribution of data for selected variables is shown in histograms 
in Figures 1, 2 and 3. 

 

Table 1. Descriptive statistics of observed variables 

Variable  Range Average 
Average 
interval -95%

Average 
interval +95%

Min. Max. 
Standard 
deviation

PPRE (points) 40.00 5.23 4.30 6.15 0.00 12.00 2.88 

PPOST (points) 40.00 9.43 8.54 10.31 2.00 15.00 2.77 

KTnetto (points)  40.00 4.20 3.37 5.03 -1.00 12.00 2.58 

KTo (points)  40.00 2.20 1.52 2.88 -2.00 7.00 2.11 

KTk (points)  40.00 2.00 1.46 2.54 -2.00 5.00 1.69 

t* (s) 40.00 806.83 750.13 863.52 497.00 1201.00 177.28 
*t: time of study. 

 

Table 2. P values of the Shapiro-Wilk test 

Variable  p value α = 0.05 

PPRE (points) 0.16 H0 is not rejected

PPOST (points) 0.33 H0 is not rejected

KTnetto (points) 0.15 H0 is not rejected

KTo (points) 0.26 H0 is not rejected

KTk (points) 0.06 H0 is not rejected

t (s) 0.17 H0 is not rejected
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Figure 1. Histograms of variables PPRE (on the left) and PPOST (on the right) 

 

 

Figure 2. Histograms of variables KTnetto (on the left) and t (on the right) 

 

 

Figure 3. Histograms of variables KTk (on the left) and KTo (on the right) 
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The analysis of variance was used to determine whether the net knowledge transfer is influenced by the type of 
the text. The zero hypothesis H0 declares that the averages of both sets are identical; the alternative one declares 
that at least one set with an average that is different from the other groups exists. The p value of the F-test is 
p = 0.6400 which is more that the selected significance level α = 0.0500; therefore, the zero hypothesis (H0 
about identical averages) remains valid in all cases. The graphical representation is shown in a box-plot in Figure 
4. 

 

 

Figure 4. Box-plot showing the influence of the differentness of the type of text on the average knowledge 
transfer 

 

Furthermore, the analysis of variance was used to determine whether the topic of the sub-area of the text is 
influenced by the type of the text. The p value of the F-test is p = 0.0014 which is less than the selected 
significance level α = 0.0500; therefore, the zero hypothesis (H0 about identical averages) is not valid any more 
but there is at least one area with an average that is different from the others. More detailed evaluation (Tukey 
test) has shown that statistically significant difference is found between the topics of legislature and chemistry  
(p = 0.000751), and between the topics of legislature and economy (p = 0.022417) which can be seen in Figure 5 
as well. For future, it is necessary to focus on the legislature area in particular which contributed to the transfer 
by the smallest amount in average because this topic has also achieved the highest frequency from the point of 
view of the highest difficulty as compared to the other topics in the answers in the questionnaire. 

 

 

Figure 5. Box-plot showing the influence of the topic of sub-areas of the problem domain on the average 
knowledge transfer 
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Furthermore, didactic analysis of the tests was performed in order to determine whether the research tools that 
had been used measured the knowledge in a reliable way as expected. The test participants were assigned to 
groups A and B. 24 students were assigned to group A, 16 students to group B. Group A was presented with the 
pre-test and the post-test, group B worked with them in reverse order; for further information, see the chapter 
Material and Methods. The aim of didactic analysis was to calculate the indicators of difficulty of each test 
assignment, their sensitivity, test reliability and percentile scale of the post-test results for group A and group B, 
and to compare these tests to each other statistically. 

 

 

Figure 6. Histograms for the post-test results of groups A (on the left) and B (on the right) 

 

Table 3. Didactic analysis of the post-test for group A 

Question No. Q P nH nL ULI p= ns/n q= 1-p p*q 

1 29.17 70.83 6.00 11.00 0.42 0.71 0.29 0.21 

2 37.50 62.50 4.00 11.00 0.58 0.63 0.38 0.23 

3 29.17 70.83 5.00 12.00 0.58 0.71 0.29 0.21 

4 62.50 37.50 6.00 3.00 -0.25 0.38 0.63 0.23 

5 20.83 79.17 9.00 10.00 0.08 0.79 0.21 0.16 

6 66.67 33.33 3.00 5.00 0.17 0.33 0.67 0.22 

7 66.67 33.33 2.00 6.00 0.33 0.33 0.67 0.22 

8 29.17 70.83 10.00 7.00 -0.25 0.71 0.29 0.21 

9 12.50 87.50 11.00 10.00 -0.08 0.88 0.13 0.11 

10 70.83 29.17 1.00 6.00 0.42 0.29 0.71 0.21 

11 62.50 37.50 4.00 5.00 0.08 0.38 0.63 0.23 

12 29.17 70.83 6.00 11.00 0.42 0.71 0.29 0.21 

13 29.17 70.83 10.00 7.00 -0.25 0.71 0.29 0.21 

14 83.33 16.67 1.00 3.00 0.17 0.17 0.83 0.14 

15 75.00 25.00 2.00 4.00 0.17 0.25 0.75 0.19 

16 79.17 20.83 1.00 4.00 0.25 0.21 0.79 0.16 

17 58.33 41.67 2.00 8.00 0.50 0.42 0.58 0.24 

18 66.67 33.33 0.00 8.00 0.67 0.33 0.67 0.22 

19 75.00 25.00 1.00 5.00 0.33 0.25 0.75 0.19 

20 50.00 50.00 5.00 7.00 0.17 0.50 0.50 0.25 
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Table 4. Didactic analysis of the post-test for group B 

Question No. Q P nH nL ULI p= ns/n q= 1-p p*q 

1 12.50 87.50 8.00 6.00 -0.25 0.88 0.13 0.11 

2 31.25 68.75 5.00 6.00 0.13 0.69 0.31 0.21 

3 43.75 56.25 4.00 5.00 0.13 0.56 0.44 0.25 

4 87.50 12.50 1.00 1.00 0.00 0.13 0.88 0.11 

5 43.75 56.25 5.00 4.00 -0.13 0.56 0.44 0.25 

6 43.75 56.25 3.00 6.00 0.38 0.56 0.44 0.25 

7 43.75 56.25 4.00 5.00 0.13 0.56 0.44 0.25 

8 37.50 62.50 6.00 4.00 -0.25 0.63 0.38 0.23 

9 93.75 6.25 0.00 1.00 0.13 0.06 0.94 0.06 

10 56.25 43.75 3.00 4.00 0.13 0.44 0.56 0.25 

11 31.25 68.75 4.00 7.00 0.38 0.69 0.31 0.21 

12 62.50 37.50 4.00 2.00 -0.25 0.38 0.63 0.23 

13 56.25 43.75 2.00 5.00 0.38 0.44 0.56 0.25 

14 50.00 50.00 3.00 5.00 0.25 0.50 0.50 0.25 

15 31.25 68.75 6.00 5.00 -0.13 0.69 0.31 0.21 

16 68.75 31.25 3.00 2.00 -0.13 0.31 0.69 0.21 

17 75.00 25.00 1.00 3.00 0.25 0.25 0.75 0.19 

18 75.00 25.00 0.00 4.00 0.50 0.25 0.75 0.19 

19 87.50 12.50 1.00 1.00 0.00 0.13 0.88 0.11 

20 62.50 37.50 1.00 5.00 0.50 0.38 0.63 0.23 

 

Figure 6 shows the histograms of the post-test results separately for group A and for group B. According to the 
amount of the p value (higher than the selected significance level α = 0.0500) for the Shapiro-Wilk test with 
group B, the data come from a group with normal distribution (p = 0.8919). For group A, the p value is 
p = 0.0462, i.e. with the selected significance level α = 0.0500, the data do not come from a set with normal 
distribution; however, when the significance level is reduced to α = 0.0100, the zero hypothesis cannot be 
dismissed. 

In Table 3, it is obvious that for 10 questions, more than 50% of test participants in group A chose an incorrect 
answer. For four questions, the sensitivity coefficient is negative; this has to be improved in the research itself by 
rephrasing the respective questions. In Table 4, it is obvious that for 12 questions, more than 50% of test 
participants in group B chose an incorrect answer. For six questions, the sensitivity coefficient is negative, and 
for one question, it equals zero; this has to be improved in the research itself by rephrasing the respective 
questions. A negative ULI coefficient appears in both groups for question 8 only which refers to specific 
investment costs for building a biogas station (this question is from the sub-area “economy”). 

Furthermore, reliability coefficients of tests were calculated, achieving rkr = 0.97228 for group A and 
rkr = 0.59880 for group B. This significant difference was caused by differing values of the sum of indicators p*q 
(last columns in Table 3 and Table 4) and the standard deviation for the results of testing. For group A, the test 
reliability is very good; for group B, it is necessary to get the reliability coefficient close to the threshold of 0.8, 
as stated by Garner et al. (2009). 

For each indicator, basic descriptive characteristics of the post-test were calculated as well; see Table 5 which 
shows the group that the indicator refers to, i.e. (A) or (B), for each variable. For example, Table 5 shows that the 
left-hand side of the confidence interval for the average for the sensitivity coefficient acquires negative values, 
which implies that the respective questions should be rephrased. Furthermore, each average value of selected 
didactic indicator of the post-test for group A and group B was tested using the T-test resp. the F-test, i.e. a check 
was performed in order to determine whether their average values resp. variances are statistically different, or not. 
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Each result of testing including the p values of F-tests and T-tests is shown in Table 6. The indicators do not 
differ from each other by a statistically significant amount, with the exception of the nL indicator (number of 
people in the better group who chose the correct answer for given assignment); the p value of the T-test 
(p = 0.0000) is lower than the selected significance level α = 0.0500 here. From the point of view of 
standardization of didactic texts, percentile scales were constructed and also tested from the point of view of 
their statistical differentness; the p value of the T-test is higher than the selected significance level (α = 0.0500, 
p = 0.8286) so the zero hypothesis about the equality of averages cannot be dismissed and the percentile ranking 
does not differ for group A and B by a statistically significant amount. Figure 7 shows the percentile ranking of 
each group. 

 

 

Figure 7. Graphical representation of percentile ranking of groups A and B 

 

Table 5. Descriptive statistics of didactic characteristics of tests 

Variable Range of questions Average 
Average 

interval -95 %
Average 

interval +95 %
Min. Max. 

Standard 
deviation

Q(B) 20.000 54.688 44.472 64.903 12.500 93.750 21.828 

P(B) 20.000 45.313 35.097 55.528 6.250 87.500 21.828 

nH(B) 20.000 3.200 2.186 4.214 0.000 8.000 2.167 

nL(B) 20.000 4.050 3.198 4.902 1.000 7.000 1.820 

ULI(B) 20.000 0.106 -0.008 0.221 -0.250 0.500 0.244 

p(B) 20.000 0.453 0.351 0.555 0.063 0.875 0.218 

q(B) 20.000 0.547 0.445 0.649 0.125 0.938 0.218 

p*q(B) 20.000 0.203 0.175 0.230 0.059 0.250 0.058 

Q(A) 20.000 51.667 41.263 62.070 12.500 83.333 22.230 

P(A) 20.000 48.333 37.930 58.737 16.667 87.500 22.230 

nH(A) 20.000 4.450 2.854 6.046 0.000 11.000 3.410 

nL(A) 20.000 7.150 5.807 8.493 3.000 12.000 2.870 

ULI(A) 20.000 0.225 0.094 0.356 -0.250 0.667 0.280 

p(A) 20.000 0.483 0.379 0.587 0.167 0.875 0.222 

q(A) 20.000 0.517 0.413 0.621 0.125 0.833 0.222 

p*q(A) 20.000 0.203 0.186 0.219 0.109 0.250 0.036 
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Table 6. T-test and F-test for selected didactic characteristics 

T-test 
Average 

1 
Average 

2 
T 

value
p value 
(T-test) 

Standard 
deviation 1

Standard 
deviation 2 

F 
value 

p value 
(F-test) 

Q(B) vs. Q(A) 54.688 51.667 0.434 0.667 21.828 22.230 1.037 0.937 

P(B) vs. P(A) 45.313 48.333 -0.434 0.667 21.828 22.230 1.037 0.937 

nH(B) vs. nH(A) 3.200 4.450 -1.384 0.175 2.167 3.410 2.477 0.055 

nL(B) vs. nL(A) 4.050 7.150 -4.079 0.000 1.820 2.870 2.487 0.054 

ULI(B) vs. ULI(A) 0.106 0.225 -1.430 0.161 0.244 0.280 1.312 0.560 

p(B) vs. p(A) 0.453 0.483 -0.434 0.667 0.218 0.222 1.037 0.937 

q(B) vs. q(A) 0.547 0.517 0.434 0.667 0.218 0.222 1.037 0.937 

p*q(B) vs. p*q(A) 0.203 0.203 -0.016 0.988 0.058 0.036 2.664 0.039 

 

4. Discussion 

Measuring the difficulty of test tasks and analyzing the tested person is offered by variety of software or this 
possibility is implemented in e-learning systems. Prextová (2012) shows the possibilities of chosen software for 
evaluation of test tasks and person. Software could include not just reliability of test as we can see in our 
contribution but also reliability of each test item. The software have already provided visualization of 
distribution of individual items (as we have counted in Table 3 and Table 4) by bubble chart or item 
characteristics curves that rank the items according the difficulty. This visualization of extreme data items is very 
clear and useful for teacher decision about reformulation of each task. 

Martin, Montgomery, and Saphian (2006) use percentile rank and test scores achieved on high school level to 
predict academic performance across four years of course-work. Even if the authors chose different methods 
(regression analysis) based on personal characteristics and properties, they could predict the results with 
satisfactory accuracy. As we were able to describe the source of differences in students’ performance among 
domains of the educational texts (see Figure 5), they identified the same among the study years and the key 
attributes of the students.  

Razak, Khairani, and Thien (2012) examine the quality of mathematics test items using Rasch Masurement 
Model. Although the authors use the didactic test for verification of knowledge in mathematics, we used a 
similar design creating tests, based on different types of test task that could have a form of knowledge or 
information, but in the biogas issue. In the study of Razak, Khairani, and Thien (2012) items were sorted 
according the difficulty level (low, intermediate and high). And items were divided into six categories 
(knowledge, comprehension, application, analysis, synthesis, evaluation). These analyses enable observe the 
ability of each student answering each question. In addition, the difficulty level of each question designed can be 
evaluated and continuously improved for future examinations. Each tested student has a general ability in the 
measured dimension as well as strengths and weaknesses. Rash Measurement Model is also connected with 
similar scaling as you can see in Figure 7. 

Rash Measurement Model can be used also to measure validity and reliability of the test items that we can see in 
paper of Ariffin, Omar, Isa, and Sharif (2010). On the other hand the validity and reliability of test can be also 
measure by other metrics as shown in Miller & Achtenberg (2000). They have used Kuder-Richardson formula, 
the same formula as we used in our paper. These authors also worked with similar design of the pedagogical 
experiment, because they have worked with some pre-tests and post-tests and also they have two groups 
(experimental and control) as you can see in our paper too (Table 3 and Table 4). 

Application of the analysis of properties of test assignments and didactic tests is commonly used as an unbiased 
tool for systematic survey of results of teaching as one can observe in works of many authors (Uljens, 1997; 
Draves & Coates, 2011); on the other hand, using statistics only does not always have to be relevant (Akyüz, 
2013). The paper shows how this type of analysis can be used in another area as well; it is the area of 
pre-research of a pedagogic experiment, being of the nature of a test procedure. Using this analysis, the tools of 
actual research can be improved. 

From the point of view of new modern methods of testing and evaluating, as stated by Dvorak (2012), robust 
methods of creating and evaluating the tests can also be used for obtaining more information from the tests, e.g. 
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Item Response Theory (IRT), Measurement Decision Theory (MDT) or Knowledge Spaces. The latter methods 
mentioned are being found suitable for the 21st-century testing where the so-called knowledge spaces can be 
used for modelling knowledge and for constructing tests which can provide extensive information about the 
characteristics of the test participant. Moreover, knowledge spaces can provide a detailed map of the learning 
progress (development continuum, progression map) so they can be used not only for testing in pedagogic 
practice but quite for measuring the net knowledge transfer which is made clean of the influence of original, 
previous knowledge within the framework of the experiment. 

5. Conclusion 

Some pieces of knowledge that can help improve the actual research have resulted from the pre-research: 

1) Time needed to study the texts is sufficient because the average time is 806.83 seconds (13.43 minutes); test 
participants have 30 minutes available during the test so it is possible to reduce this time to 25 minutes, and still 
allow for a sufficient margin. The remaining times for the pre-test (15 minutes) and the post-test (15 minutes) are 
also sufficient, as confirmed by the participants in discussion or in the closing questionnaire. 

2) To focus on the texts from the area of legislature because the knowledge transfer in these areas was lower than 
in the areas of economy or chemistry by a statistically significant amount. At the same time, the test participants 
designated this area as the most difficult one. For future, it is necessary to check the topic of legislature for texts 
from the point of view of their readability and semantic as well as syntactic difficulty, too, and to compare these 
indicators statistically to corresponding indicators from other topics (chemistry, economy, practice) as well. 

3) To focus on the test questions where the ULI sensitivity coefficients were negative or close to zero and to 
rephrase them or to change possible answers to choose from. 

4) After rephrasing the answers, to re-check for both tests whether the nL parameter does not differ for both 
groups by a statistically significant amount. 

5) To re-calculate the reliability coefficients and to focus on getting the coefficient of group B closer to the 
threshold of 0.8. 

6) Statistical analysis of data from a non-representative sample showed that the knowledge transfer is not 
influenced by the type of the text, i.e. the average knowledge transfer using classical educational text is equal to 
the one of knowledge text (more general conclusions cannot be inferred, as they are a subject of separate 
research and work with a representative sample); however, it is desirable for future to focus also on other 
benefits of knowledge texts in the process of education that are measurable in an exact way. 

There were seven working hypotheses formulated at the beginning; for six of them, the validity was proven (H1, 
H2a, H2b, H2c, H3, H7). For H4, statistically non-significant influence of the text on the net knowledge transfer 
was proven; for H5, two sub-areas of topics (legislature and chemistry) differ from each other in the average net 
knowledge transfer by a statistically significant amount; for H6, the equality was not shown for the nL 
characteristics. 

Other data was also acquired from the questionnaires as well as from the actual tests; however, further surveys 
and possible analyses (influence of texts on answers of the information or knowledge type, comparison of texts 
from the point of view of their understandability, naturalness and suitability for education and other) exceed the 
scope of this paper. 
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