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Abstract  
The problem of the quality of education remains relevant in the context of the following three-stage 
model’s implementation in the Russian higher school: bachelor-master-postgraduate studies. The 
main challenges of this stage of University education development are: content selection, the 
sequence of the subjects ‘ study , learning outcomes’ planning, taking into account the succession of 
the foregoing stages, combination of traditional and modern educational technologies in the process of 
educating. 

These problems reinforce the importance of research in the area of measuring students’ educational 
outcomes. This article contains a description and analysis of a long-term research in the field of 
measuring students’ educational outcomes on the faculty of mathematics and computer science, 
Kemerovo State University, conducted by the authors with the aim of identifying patterns of these 
results. 

The study has lasted from 2006 to 2016 and covers 1125 students from the first to the fifth year, 
having been mastering the specialist programs (till 2011) and consequently undergraduate degree 
programs (2011-2016). During this time, educational and professional standards and qualifications 
have been changing, as well as the approaches and tools for assessment and measurement of 
educating and learning outcomes. Moreover, the content and approaches in the field of secondary 
education also changed, that made influence on the quality of students’ training. 

In this research, special attention was paid to identifying the factors affecting the quality of the 
students’ training. Comparative analysis of learning outcomes of students in different training areas 
revealed a number of features of educational process, such as low levels of learning outcomes of the 
first-year students, the lack of motivation and professional self-identification. 

The research was carried out with the use of mathematical statistics methods. Based on the results of 
the analysis of variance made it possible to conclude that the learning outcomes of school leavers, the 
profile of their training had little effect on academic achievement of junior students. It is connected 
primarily with the problems of adaptation of students to the University system of education and low 
level of their professional identity. The objectivity of these conclusions is proved on the basis of the 
Wilcoxon test. 

In the course of study the mathematical model of the educational process considering identified 
factors was described. Model adequacy was tested on the coefficient of determination. It was well-
proven as a result that the learning outcomes of students on 65 % depend on the chosen factors. 

Thus, based on the proposed mathematical model it is possible to predict students’ educational 
results, correct the process of educating due to the aim of improving the quality of university 
graduates’ training.  

The prerequisite for this is a curriculum design for different training areas based on revealed patterns 
of education, features of adaptation and variants of professional self-identification, including the use of 
information technologies, individual and differentiated approaches, correcting the process of teaching. 

Keywords: quality of education, higher education, curriculum design, learning outcomes. 

1 INTRODUCTION 
Modern Russian higher education improving quality problems are solved under new conditions of the 
Federal State Educational Standards (FSES) implementation. Key FSES methodology foundations are 
concepts of "educational outcomes" and "learning outcomes". These outcomes are normative and 
constitute the basis for the curriculum design. In the theory and practice of higher education the 
following question remains: what is the theoretical base for the curriculum design and the educational 
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process implementation, based on it? Is it necessary to develop new conceptual and theoretical 
models for this purpose or is it enough to upgrade existing? 

To answer these fundamental questions it is necessary to determine, what stable tendencies and 
patterns of learning take place in higher education and how they act as factors of educational 
outcomes, independently of implemented ideology or model. 

2 METHODOLOGY 
Presented in this article our study results were obtained during research from 2006 to 2016. From 
2006 to 2011 the regulations didn’t contain the concept of "planned learning outcomes". FSES setting 
out the learning outcomes has been active since 2011, and all this period they are the indicators of the 
education quality. That is about 5 years (half of the total period), we investigated the patterns of 
learning outcomes achievement at the University under conditions of the traditional model, and the 
other half – under conditions of the FSES. The study involved students of the following three training 
areas: “Mathematics and computer science”, “Applied mathematics and Informatics”, “Mathematical 
software and information systems administration”.  

The essence of the traditional model can be defined as outcomes achieving and, consequently, the 
quality of learning through the development of didactic units, courses, components, and curriculum. 
The curriculum was subject-centered. The FSES model determines the outcomes and quality of 
student’s skills and abilities, which belong to the general cultural, general professional and special 
professional competences. In this case there is a basis for the curriculum design as a learner-centered 
[1]. 

In our study, we don’t aim to compare these models and approaches to their outcomes as well as to 
assess the curriculums quality. 

This study methodology is based on the identification of influencing factors to students learning 
outcomes. A “factor” we consider as a "source" and an educational quality "condition". Based on the 
principle of unity of personality general and professional education, during the analytical stage of our 
work we have identified two groups of these factors: 

• reflecting the impact the school education outcomes (selected indicators: learning 
achievements, learning profile, type of finished school); 

• related to students learning outcomes at the University. The selected indicators are learning 
achievements, training program, curriculum and professors. 

The further analysis allowed us to identify qualitative and quantitative indicators for both groups of 
factors. 

Methods. There are different approaches to the learning research [2]. We choose the modeling, which 
is based on the study of the influence of various factors on the learning and its outcomes. 

Identifying the relationships of these factors allows monitoring the change in education. It also allows 
assessing the different indicators changing and evaluating the defining characteristics of the learning, 
including the curriculum design purpose for different training areas. 

During the exploratory stage, we have identified the importance of each indicator in the learning 
outcomes achieving. To obtain preliminary data we used descriptive statistics. Further, to check the 
significance of the identified factors the correlation analysis was used. To verify factors expressed in 
qualitative scales we used variance analysis. The reliability of the results was tested using Pearson's 
criterion. 

The curriculum design procedure is based on the previous analytical and exploratory results, including 
the identified factors and affecting learning outcomes indicators. It means that the curriculum 
implementation and actualization are carried out on the basis of the identified factors and specially 
selected indicators. 
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3 RESULTS 

3.1 Curriculum in educational studies 
The learning can be described by the model, which includes various factors, affecting the resulting 
indicators. The informational model of the learning is shown in fig.1. 

The base component of the model is the learning and learning outcomes. The curriculum quality, 
teaching materials, teaching staff, the level of students’ preparation and quality of design, organization 
and management of the learning affects the achievement of planned learning outcomes. Other 
components of the training quality analysis are the level of entrants’ preparation, the students learning 
outcomes, the results of the interim and final evaluation. Student-centered curriculum defined 
including of learning outcomes in our model as a separate block [2]. 

 
Figure 1. Informational model of the learning 

For centuries in schools and higher education certain traditions have been developed. A. A. Popov 
highlighted two aspects of philosophical and anthropological comprehension of education. First, it is a 
system of views on a personality mission. It determines base requirements for educational institutions 
and their activities. The second aspect involves the relationship of purposes, technologies and forms 
of education with modern sociocultural conditions. Education under modern conditions becomes more 
and more dynamic. In the work of Th. Frick, K. R. Thompson, J. Koh, it is shown that at present the 
following questions don’t have an appropriate answer:  Change what? Change how? How to know the 
changes are working? [3]. 

Separate components of training have been well studied and implemented in educational practice. We 
believe that at the present time it is necessary to find a holistic approach to the problems of 
educational changes and concentrate researches around key issues. Among these challenges is the 
curriculum and its design. For Russian higher education this problem is to a certain extent new, as 
evidenced by the fact that in educational theory and practice has not developed аn adequate concept 
in the Russian language. “Curriculum has been viewed as content, syllabus, program of study and 
even teaching’’ [4]. 

A basic curriculum includes general aim of educational; purposes of separate educational stages and 
levels; subject areas and particular subjects learning outcomes; learning plan; standards. A subject 
curriculum consists of its concept, aims, content, learning methodology, and recommendations for 
educational assessment and evaluation etc. 

Therefore, the curriculum designing is a procedure that determines learning and educational 
outcomes. For a long time the subject-centered approach was dominated in education. At the present 
time learner-centered approach is more widespread. What problems will arise in the University 
education in this case? To answer this question various studies are implemented all over the world. 
The aim of this study is to prove an approach to the curriculum designing based on the factors 
influence and learning outcomes indicators. 

Learning Learning outcomes 

Curriculum 

Organization of 
shool education 

University 
graduates  Applicant’s  

characteristics 

Federal state 
Educational standard 

Professional 
standards 

Graduate’ 
qualification 

characteristics  

 

9297



3.2 The process of research 
Our study included the following stages: analytical, exploratory, designing, and development of 
recommendations. 

3.2.1 The analytical stage 
In the stage information about the educational outcomes of different training areas students was 
received. We compared the learning outcomes of the students according to various curricula which 
correspond to the different described above models of learning. 

With the use of descriptive statistics we received average scores of student achievement for groups 
and courses. It was made for each training area as a whole and for each subject separately. For the 
pre-statistical processing two computer programs were developed [5].  

3.2.2 The exploratory stage 
As a result of the analysis a low level of the 1-st and 2-nd courses students learning outcomes 
revealed. It is a characteristic feature for all training areas throughout the period of our researching the 
problem. It may be connected with the learning process organization. Also among the reasons are 
lack of coordination between the curriculum and the paradigm of student-centered education, an 
inadequate level of schools graduates preparation or any other problems. In order to make the 
solution ensuring a fact of learning outcomes achievement, we needed a determination the factors 
crucial for the didactic design and educational process implementation from the view of competencies 
formation. 

The average scores and standard deviations for the academic groups and subjects were computed. 
We checked the compliance of the empirical and theoretical normal distribution: the empirical 
distribution match the theoretical with the average significance level of 0.05 (Fig. 2). 

As shown by the results of our study the learning outcomes of base professional subjects study are 
similar for all students. In basic subjects the students of the training area "Mathematics and computer 
science" showed the lowest results. One of the reasons may be the fact that these mathematical 
disciplines are difficult for understanding immediately after school. It also may be the problem of 
students’ different motivation to study these disciplines. For a more detailed study of these reasons we 
examined their attitude to the subjects and made input tests of knowledge on these subjects. 

A further stage of our study was devoted to a comparison of learning outcomes achieved by the 
students while studying different years at the University. We compared students’ learning outcomes in 
subjects' blocks of the curriculum, because students of different training areas study different courses. 
We compared how the same students learn at the beginning and at the end of their learning. 
Correlation coefficients for the different subjects' blocks for the students on the first, second and fourth 
years were calculated. The calculation showed the lack of correlation in the case of the block of basic 
disciplines.  

.  

Figure 2. The density distribution of the average score of 1st year students 

For revealing the low correlation's reasons we selected the following factors: the type of school the 
student graduated; marks in school certificates; examination results; profile of learning at school; the 
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learning outcomes of previous years. With the use of the variance analysis we identified factors 
affecting learning outcomes. The results showed the correlation's absence between the 1st year 
students' learning outcomes, the results of the school exam and marks in school certificates. The 
learning outcomes dependence on these indicators begins to appear during the second year of 
studying at the University.  

In multiple regression assumes that the residuals (predicted minus observed values) follow a normal 
distribution. To make final conclusions, they considered the distribution of the relevant variables. Using 
the Pearson's chi-square test we checked the hypothesis of normal distribution of actual values 
deviations from the calculated ones. The verification of the hypothesis was confirmed with a 
significance level of 0.06.  

Thus, the obtained model allows us to analyze the influence of each identified factor and their 
cumulative impact on student learning outcomes. Prediction of these results gives reason to change 
the curriculum. 

We suggest that it is determined by the completion of the adaptation process to a learning process at 
the University in general and to the programs on mathematics in particular. The success of the 
adaptation process at the faculty can be judged by the Wilcoxon test. This criterion supports the 
hypothesis that shifts in students’ learning outcomes by subjects (as an example is the subject 
"Mathematical analysis", which is studied during several semesters) are statistically significant (table 
1). 

Table 1.  Wilcoxon test 

The subject /semester Wilcoxon 

Mathematical analysis The number of students Significance level 

The first and second semester 50 0,068 

The second and third semester 48 0,007 

On the basis of the obtained results a learning linear model was developed. It included the values of 
the factors and their corresponding regression coefficients. The model adequacy was checked by 
determination coefficient, which was equal to 0.6526. The result indicates that, on 65.26 % variation in 
the average score depends on the selected factors variation and by 34.74% depends on factors not 
considered. 

We have made the following assumption: the 1st year students’ level of professional self-
determination and learning motivation is low. The reason for this is the complex character of 
adaptation to University educational system. To justify this assumption we tested students by various 
methods. We suggested that if the student’s training profile at school is the same as the training area 
at the University, his learning outcomes is higher in the younger courses. Also we studied some other 
problems of students’ adaptation. Using U-Mann-Whitney test, it was shown that the students’ learning 
outcomes at the University are statistically independent of the learning profile in school. This may 
indicate the necessity of the developing for the didactic and methodological modification of modern 
mathematical school education. 

3.2.3 The curriculum design stage 
This stage of our research was devoted to the curriculum design based on the identified factors and 
affecting learning outcomes indicators.  

To identify students' attitudes to the proposed version of curriculum a sociological research took place. 
The results of the study showed that students need the inclusion of additional adaptation educational 
subjects. For example, such subjects as "Acquaintance with the professional activity", "Selected 
chapters of mathematical subjects", “Practicum in solution mathematical tasks and problems" etc. 
These courses are designed with the aim of undergraduate students’ motivation to achieve high 
learning outcomes. The students agree to maintain the current demands level and an adequate 
teaching level. 

3.2.4 Recommendations on curriculum implementation’s organization 

The results of all stages of the research are submitted to the faculty administration for programs 
developing and the curriculum implementation. 
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The main directions of this work are: 

• development of the disciplines range; 

• definition of sequence of their studying; 

• implementation of disciplines, in addition to the main subjects studied by the students; 

• inclusion in the curriculum of practicums and workshops, contributing to the alignment of the 
initial, intermediate and final learning outcomes; 

• studying of subjects, providing personal motivation and professional orientation.  

4 CONCLUSIONS 
Educational management at the University requires forecast information on options for its 
development and achieving planned learning outcomes. This allows University administration to make 
relevant and informed management solutions. The quality of students training and education of 
depends on prognostic evaluations quality. In its turn, the quality of these evaluations depends on 
indicators selected for the appropriate prognostication. 

 Our research has shown that among these indicators it is advisable to choose those that do not solely 
depend on the model, being implemented in higher education in a specific period of time. They rather 
should reflect inherent, objective laws of teaching students at the University.  

Our study examined both the qualitative and quantitative indicators. All of them were subjected to 
statistical analysis using descriptive statistics, correlation analysis and variance analysis. The obtained 
results have their scientific and practical value. The former is the accumulation, systematization and 
generalization of knowledge about factors influencing the quality of students learning at the University. 
The latter is the use of the obtained knowledge in order to design and maintain the educational quality 
at the University. 

Our study examined such aspect of acceptance of administrative solutions in relation to the quality as 
a curriculum design based on the identified patterns. The analytical phase of the study allowed us to 
identify groups of factors and their indicators, which can determine the value of each factor for the 
quality of teaching and students education in such training areas as “Mathematics and computer 
science”, “Applied mathematics and Informatics”, “Mathematical software and information systems 
administration”.  

The result of the exploratory phase was the identification of those curriculum problems, which reduce 
the quality of students training and education due to the fact that the curriculum does not provide for 
the identified factors and the effect of the relevant indicators. 

At the design stage the options for achieving needed and desired outcomes the teaching quality and 
students learning were validated. 

At the organizational stage the time, duration of courses, actions and resources necessary for 
proposed options implementation were determined. The curriculum improvement directions are the 
following: 

• taking into account the learning outcomes and the factors affecting this process; 

• consideration the level of potential students preparation and inclusion, if necessary, additional 
academic courses; 

• compliance with the requirements to higher schools graduates; 

• continuity of the curriculum actualization, i.e. the continuous updating of its components 
according to the learning outcomes. 
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