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Abstract

Success of pupils in learning is currently in a broader sense understood as a system that includes their grades, results, motivation, subjective satisfaction and social contexts. The elements of this system and their importance may change over time. However, since the success of pupils plays a key role in the success of the education system, the factors that affect pupils’ success must be constantly under examination so that they can be accented by schools and afterwards used to improve the quality of the education process.

Based on the testing of a large sample of 5th graders and 9th graders, this article identifies some key factors of success of pupils in learning; these factors are correlated with their actual success and a prediction of their future success in individual tested subjects is created.

1. Introduction
Almost every European country organises national testing of its pupils with the following main goals:

a) decision about the further educational path of pupils,

b) monitoring schools and/or the education system,

c) identification of individual educational needs.

The internationally acknowledged American Standards for Educational and Psychological Testing
 promote similar goals of pedagogical testing. The Standards also specify how the information on the performance of individual students acquired by pedagogical testing is to be further used in formal education. In terms of relevance to our study, it is important that it can be used to assess pupil’s total level and their progress in certain areas, to diagnose their strong and weak points in certain areas, to plan pedagogical interventions and to create individual study plans or to help pick candidates into programmes with limited number of attendees.

Nation-wide testing of pupils in the Czech Republic is still in the phase of verification (pilot testing took place in spring 2012) and has stirred a series of negative reactions due to the unconvincing definition of its goal. The implementation of testing into the education system could be facilitated by the recent critical OECD report stating that the education system evaluation is not receiving enough attention and that it is based only on school evaluation and some system indicators. What is missing, however, is key data on the socio-economic background of pupils, on the conditions under which teaching and learning takes place and on the results of pupils. In other words, there is no information available concerning the output of education that could be compared between schools, regions and on a timeline.
 The report also recommends to base the system-level evaluation on a broad spectrum of system information that provides an overview of how pupils reach the educational goals, e.g. information on their results, demographic, administrative and contextual data.

The importance of complex overview of pupils’ performances is emphasised in the above mentioned American standards stating that the validity of interpretation and use of scores of individual pupils or groups of pupils can be strengthened by including additional complementary information that helps explain pupils’ performances. Pupils’ results can be affected by many factors on the level of individuals and institutions; such as the quality of teaching, ability of the teaching to impress pupils or their motivation to perform their best in the test. This theoretically backed approach is also used in the preparation of the international PISA researches that compare the results of pupils in individual countries using the established index of the socio-economic home or school background of pupils (ESCS).
 In 2006 PISA testing, the Czech Republic was one of the countries with the highest impact of average socio-economic background of schools on the results of their pupils, meaning that the choice of school has significant impact on pupils’ results. Czech education system is criticised for its relatively high level of selectiveness, which can be one of the causes of its constantly decreasing results in the carried out international PISA and TIMSS researches.

The participants of education – pupils, students, parents, teachers and decision-making authorities – expect and demand, for pedagogical, psychological and economic and organisational reasons, answers to the question of how much or how accurately the success of pupils in a certain period of their educational career can be predicted and how to perceive and interpret or use the results of partial measuring of their performances. In finding these answers, the theory of pedagogical evaluation works with the terms predictive validity and concurrent validity. Predictive validity refers to the extent to which individuals’ future performance on a criterion can be predicted from their prior performance on an assessment instrument.

If the test scores are used in combination with some other measurable variables to predict some result or criterion then regressive analysis should take into account these other variables together with the test scores.

Concurrent validity refers to the extent to which individuals’ current status on a criterion can be estimated from their current performance on an assessment instrument.

The up-to-now absence of systematic nation-wide testing and the information from PISA researches lead to the situation in which some regional school authorities initiated their own researches of education results; other researches were carried out on limited research samples under innovative projects. This research study was conducted to identify important factors that affect pupils’ success in learning and to verify if they can be used together with the measured test scores in order to predict pupils’ success rate in their following learning phases.   

2. Material and Methods

Prediction analyses of success results of pupils were conducted on the data mentioned below. The calculations were done for primary school 5th graders and 9th graders separately, because the tests and the results were different. The aims of the analyses were to:

a) determine relations between subjects,

b) determine relations between subjects and questionnaire answers,

c) find out whether the data includes factors for predicting pupils’ success in individual subjects.

Data
The data was gathered in the nation-wide project “Diagnosing the Knowledge and Skills of Pupils with Focus on their Development – testing primary school 5th graders and 9th graders and corresponding grades of 8-year grammar schools”. The data was gathered electronically from April to June in 2011. The test included a questionnaire. The questionnaire was focused on basic socio-economic factors of pupils and their satisfaction at school. The following school subjects or education areas were tested:

5th graders:

· Czech Language, People and their World

· Maths, English Language

Total testing time was 100 minutes in two blocs. 

9th graders:

· Czech Language, People and Nature

· Maths, foreign language by choice (English or German)

The testing took 140 minutes in two blocs.

Both the testing and the results evaluation were done electronically using computers. Each test included introductory instructions, example exercises and the test time limit, Table 1 contains the total number of pupils tested in the Czech Republic in 2011.

Table 1 Total number of tested pupils, classrooms and schools

	Year
	2011

	Grade
	5th grade
	9th grade

	No. of tested pupils
	18,131
	15,580

	No. of tested classes
	963
	830

	No. of tested schools
	621


3. Results

The analyses were carried out separately for primary schools 5th graders and 9th graders.

3.1 Results for 5th graders

3.1.1 Analyses

After removing extreme values, we carried out a factor analysis of individual items of the questionnaire that covered questions identifying pupils’ attitudes to school; the questionnaire was part of the knowledge testing. Pupils were supposed to evaluate the total number of 13 items on the scale from 1 (completely disagreeing with the statement) to 4 (completely agreeing with the statement). The analysis covered the education of their parents as well, with pupils choosing from: primary, secondary without the school leaving exam, secondary with the school leaving exam and university. 

The factor analysis was done using the method of principal components with varimax rotation. Using the Anderson-Rubin method, the resulting values of individual factors were saved as variables using the following designation: relationship to teachers, school is entertaining, education of parents, importance of the curriculum and self-confidence in the form of z-scores, where the average value is zero and standard deviation is 1 (see Table 2).

Table 2 contains designated factors and the rate of their saturation by individual items of the questionnaire. The explained variation is 56.7 %; only values higher than 0.3 are displayed.

Table 2 Factor analysis of the questionnaire data from 5th graders, rotated factors

	Statements
	Factors

	
	Relationship to Teachers
	School is Fun
	Education of Parents
	Importance of the Curriculum
	Self-Confidence

	My class-teacher helps me to have the best possible results
	.759
	
	
	
	

	My class-teacher is unbiased and fair
	.702
	
	
	
	

	My class-teacher cares about me and helps me with school tasks
	.693
	
	
	
	

	Most teachers really care about their pupils
	.533
	
	
	
	

	I receive grades that I deserve
	.418
	
	
	.350
	

	Pupils are on good terms with most teachers
	.375
	
	
	
	

	School tasks are interesting
	
	.734
	
	
	

	The classes are entertaining
	
	.728
	
	
	

	I like to do extra work
	
	.724
	
	
	

	The highest education of your mother
	
	
	.867
	
	

	The highest education of your father
	
	
	.864
	
	

	I learn things that will be useful for me in the future
	
	
	
	.782
	

	I consider what we learn important
	
	
	
	.671
	

	I know how to do solve school tasks
	
	
	
	
	.780

	I am a successful pupil
	
	
	
	
	.766


Table 3 contains values of Pearson’s correlation coefficients from the set of 18,107 5th graders – respondents of the study. Due to the high number of pupils, even some of the minor values are statistically significant. The closest relations can be found between the success rates in individual subjects. If the pupil is successful in one subject, it can be expected that they will also excel in other subjects. The closest relation with 5th graders is between the results from Czech and Maths.

Only two of the factors have a closer relation to the results from individual subjects, namely the Education of Parents
 and Self-Confidence
. The factor School is Fun has a negative relation to school results, i.e. the more the pupil agrees with the statements that the classes are entertaining and school tasks are interesting the worse results can be expected from them. This finding is extremely surprising and will be analysed in detail in following studies.
Table 3 Pearson’s correlation coefficients of results and factors, 5th graders

	
	Czech
	Maths
	English
	People and their World
	Relationship to Teachers
	School is Fun
	Education of Parents
	Importance of the Curriculum
	Self-Confidence

	Czech
	1
	.583**
	.536**
	.563**
	.082**
	-.047**
	.262**
	.034**
	.223**

	Maths
	.583**
	1
	.499**
	.532**
	.068**
	-.037**
	.230**
	.025**
	.228**

	English
	.536**
	.499**
	1
	.483**
	.057**
	-.026**
	.224**
	.013
	.200**

	People and their World
	.563**
	.532**
	.483**
	1
	.067**
	-.052**
	.219**
	.020*
	.203**

	Relationship to Teachers
	.082**
	.068**
	.057**
	.067**
	1
	.000
	.000
	.000
	.000

	School is Fun
	-.047**
	-.037**
	-.026**
	-.052**
	.000
	1
	.000
	.000
	.000

	Education of Parents
	.262**
	.230**
	.224**
	.219**
	.000
	.000
	1
	.000
	.000

	Importance of the Curriculum
	.034**
	.025**
	.013
	.020*
	.000
	.000
	.000
	1
	.000

	Self-Confidence
	.223**
	.228**
	.200**
	.203**
	.000
	.000
	.000
	.000
	1


Legend:
 
*   - correlation coefficient is significant on the 5 % level of significance

**- correlation coefficient is significant on the 1 % level of significance

3.1.2 Prediction

The next step of the analysis was to calculate regression equations using the Stepwise method (see Table 4). The R2 is the coefficient of determination that provides a measure of how well the total variability of the variable (estimate of pupil’s results) was explained by our regression model. The highest percentage of explained variability in terms of pupils’ results was achieved in Czech (47.5 %) and lowest percentage in English (36.8 %). In general, the gathered data will enable us to predict the results of the tests with the success rate of 50 % at best.
Table 4 Explained variability of regression equations for individual subjects, 5th graders

	Subject
	Percentage of Explained Variability (R2)

	Czech
	47.5 %

	English
	36.8 %

	Maths
	43.2 %

	People and their World
	40.4 %


Table 5 contains regression equations. The number of predictors for estimating the success rate of 5th graders in individual subjects varies from 5 to 8, with the questionnaire factors having a minimal impact on the results. Therefore, the most important indicator for predicting success in one subject is the success in other subjects. It is worth noting that, although slightly, the relationship to teachers impacts the results in 3 out of 4 subjects (see Table 5) in a positive and directly proportional way.

Table 5 Regression equations of predicting success rate of 5th graders

	Subject
	Regression equations

	Czech
	0.3103 + 0.2192 (Maths) + 0.2357 (People and their World) + 0.1917 (English) + 0.01263 (Education of Parents) + 0.00873 (Self-Confidence) + 0.00494 (Relationship to Teachers) + 0.00279 (Importance of the Curriculum) - 0.00245 (School is Fun)  

	English
	0.000742 + 0.3443 (Czech) + 0.1870 (Maths) + 0.2150 (People and their World) + 0.0113 (Education of Parents) + 0.0097 (Self-Confidence)         

	Maths
	0.0965 + 0.4202 (Czech) + 0.2949 (People and their World) + 0.1991 (English) + 0.0143 (Self-Confidence) + 0.0111 (Education of Parents) + 0.0032 (Relationship to Teachers)   

	People and their World
	0.2174 + 0.3162 (Czech) + 0.2066 (Maths) + 0.1607 (English) + 0.0075 (Self-confidence) + 0.0069 (Education of Parents) - 0.0039 (School is Fun) + 0.0023 (Relationship to Teachers) 


3.2 Results for 9th graders

3.2.1 Analyses 

The case of 9th graders was similar to 5th graders with the difference in the number of tested subjects changing from 4 to 6. Pupils were tested in German, but we do not incorporate it to the calculations since it is not desirable to merge foreign languages into one category as it would change the results. The sample used for the analysis consisted of 13,435 pupils.

After removing extreme values, we carried out a factor analysis of individual items of the questionnaire that covered pupils’ attitudes to school; the questionnaire was part of the knowledge testing. Factor analysis was carried out similarly to the set of 5th graders, using the method of principal components with varimax rotation. This time, there are 6 factors (see Table 6). The final calculation does not include the statement “I receive grades that I deserve” as it was not consistent with the chosen model. The explained variability is 68.1 %, only values higher than 0.3 are displayed.
Table 6 Factor analysis of the questionnaire for 9th graders, rotated factors

	Statements
	Factors

	
	Relationship to Class-Teacher
	School is Fun
	Relationship to Teachers
	Education of Parents
	Importance of the Curriculum
	Self-Confidence

	My class-teacher helps me to have the best possible results
	.846
	
	
	
	
	

	My class-teacher is unbiased and fair
	.815
	
	
	
	
	

	My class-teacher cares about me and helps me with school tasks
	.785
	
	
	
	
	

	School tasks are interesting
	
	.787
	
	
	
	

	The classes are entertaining
	
	.726
	
	
	
	

	I like to do extra work
	
	.690
	
	
	
	

	Pupils are on good terms with most teachers
	
	
	.854
	
	
	

	Most teachers really care about their pupils
	
	
	.756
	
	
	

	The highest education of your father
	
	
	
	.838
	
	

	The highest education of your mother
	
	
	
	.830
	
	

	I learn things that will be useful for me in the future
	
	
	
	
	.870
	

	I consider what we learn important
	
	
	
	
	.726
	

	I know how to do solve school tasks
	
	
	
	
	
	.821

	I am a successful pupil
	
	
	
	
	
	.802


Table 7 contains Pearson’s correlation coefficients. Coefficients between factors are always zero, therefore they are not included in the table. 

Table 7 Pearson’s correlation coefficients of results and factors, 9th graders

	
	Czech
	Maths
	English
	Chemistry
	Physics
	Biology

	Czech

	1
	,528**
	,633**
	,354**
	,271**
	,418**

	Maths
	,528**
	1
	,517**
	,336**
	,374**
	,270**

	English
	,633**
	,517**
	1
	,303**
	,335**
	,319**

	Chemistry
	,354**
	,336**
	,303**
	1
	,231**
	,265**

	Physics
	,271**
	,374**
	,335**
	,231**
	1
	,182**

	Biology
	,418**
	,270**
	,319**
	,265**
	,182**
	1

	Relationship to Class-Teacher
	,055**
	,047**
	,071**
	,033**
	,025**
	,017*

	School is Fun
	,021*
	-,006
	-,003
	,018*
	-,024**
	-,010

	Relationship to Teachers
	,054**
	,062**
	,051**
	,028**
	,036**
	,022*

	Education of Parents
	,240**
	,208**
	,246**
	,090**
	,123**
	,119**

	Importance of the Curriculum
	-,043**
	-,029**
	-,026**
	,001
	-,028**
	-,013

	Self-confidence
	,247**
	,258**
	,242**
	,147**
	,155**
	,140**


Legend:
 
*   - correlation coefficient is significant on the 5 % level of significance

**- correlation coefficient is significant on the 1 % level of significance

With 9th graders, the closest relation is between Czech and English. This is followed by the relation between Czech and Maths. The least correlation occurs between Physics and Biology. As with 5th graders, the most important factors with the highest relation to results are Education of Parents and pupils’ self-confidence. Self-Confidence correlates mainly with the results in Maths, Czech and English. Education of Parents correlates with the success in languages.

3.2.2 Prediction

The most explained variability in the prediction of results of 9th graders was achieved in Czech language; it was 50 %. On the other hand, the explained variability of science subjects is lower than 20 %, see table 8. 

Table 8 Explained variability of regression equations for individual subjects, 9th graders

	Subject
	Percentage of Explained Variability (R2)

	Czech
	50.0 %

	Maths
	38.9 %

	English
	46.7 %

	Chemistry
	16.8 %

	Physics
	16.9 %

	Biology
	18.7 %


Table 9 contains regression equations of the estimation of the success rate of 9th graders in individual subjects. The number of predictors varies from 5 (Biology) to 8 (Czech and English, Physics). Considering factors, each equation contains pupils’ Self-Confidence, 4 equations include Education of Parents. 

Table 9 Regression equations of predicting success rate of 9th graders

	Subject
	Equation

	Czech
	0.207 + 0.341 English + 0.179 Maths + 0.152 Biology + 0.096 Chemistry + 0.009 Education of Parents + 0.007 Self-confidence - 0.004 Importance of the Curriculum - 0.019 Physics

	Maths
	-0.038 + 0.296 Czech + 0.142 Physics + 0.207 English + 0.135 Chemistry + 0.016 Self-confidence + 0.010 Education of Parents + 0.005 Relationship to Teachers

	English
	0.148 + 0.535 Czech + 0.196 Maths + 0.091 Physics + 0.014 Education of Parents + 0.010 Self-confidence + 0.038 Biology + 0.006 Relationship to Class-Teacher + 0.033 Chemistry

	Chemistry
	0.135 + 0.162 Czech + 0.139 Maths + 0.096 Biology + 0.047 Physics + 0.035 English + 0.005 Self-confidence

	Physics
	0.217 + 0.331 Maths + 0.223 English + 0.107 Chemistry + 0.008 Self-confidence + 0.044 Biology - 0.069 Czech - 0.005 School is Fun + 0.005 Education of Parents

	Biology
	0.256 + 0.395 Czech + 0.145 Chemistry + 0.066 English + 0.031 Physics + 0.004 Self-confidence


3.3. Comparing the estimation of the success rate of both grades using the questionnaire data

If we wanted to estimate the success rate of pupils in selected subjects (Maths, Czech and English) using only the factors from the questionnaire the explained variability would be less than 13 % at best (see Table 10).

Table 10 Percentage of explained variability for the factors alone

	Subject
	5th graders
	9th graders

	Czech
	12.8 %
	12.4 %

	Maths
	11.2 %
	11.8 %

	English
	9.4 %
	12.8 %


4. Conclusion 

The study results allow the formulation of the following conclusions:

· It is appropriate to inform the users of the data from the pupil testing project about the empirically discovered rates of prediction validity for individual subjects and factors.

· The testing of pupils could be made more effective for certain functions (e.g. selective) on the basis of an empirically verified certain type of concurrent validity, where the pupil’s results in one subject enable us to predict their performance in another subject with a high probability.

· Results show that the most suitable data for predicting 9th graders’ success in future education phase consists of their results in Czech and English. Languages may have significant impact on pupils’ further performance because good command of languages have a direct relation to the factor that could be called reading literacy. Reading literacy has direct impact on the successful solving of tasks in other subjects.

· Results show that the most suitable data for predicting 5th graders’ success in future education phase consists of their results in Czech and Maths. This is probably caused by insufficient mastery of English by 5th graders, which leaves English having less significant discriminative ability.

· Using data on various educational conditions (e.g. pupils’ attitude to school) is not sufficient to make reliable predictions of pupils’ learning results. It is however an important additional indicator of their performance.

· Significant role in the pupils’ success in languages is played by their parent’s education. This finding emphasises the role of language development as a key prerequisite for the successful mastering of other areas of the curriculum.
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� The impact of parents’ education on the learning results of pupils as part of the ESCS parameters has already been confirmed by PISA researches and emphasised in the already mentioned OECD report from 2012.   


� Self-confidence is understood as self-esteem; honest, true and authentic, hard to be disrupted, firmly and centrally anchored in the personality that expresses itself rather than simply adapts.








