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1. Introduction

The questionnaires are one of the possibilities to ensure student feedback in the
education process. In the spring of 2008 in Daugavpils University a form of questionnaire was
prepared. This form will be used to evaluate the quality of education more objectively in
different study programs. The structure of the questionnaire form is based on the competence
approach. The competence approach is very topical in today’s education system, because the
competence involves new acquired knowledge, as well as the level of understanding of this
knowledge and the ability to use acquired knowledge.

The solving of the same task by different methods in separate cases may lead to
contradictory results. However correlated use of the methods can increase the quality of
classification, forecasting and recognition. The results of questionnaires usually are processed
by different statistical methods. After the use of these methods the researchers can evaluate
the comparison of opinions; they can find regularities between separate questions or
problems. We can apply the machine learning methods to the questionnaire data to crystallize
those attributes from whole attributes set, which have a higher rank or larger influence on
another attributes. In this paper one of the knowledge formation methods is considered — the
logic structures representation by decision trees.

2. Preparing a form of questionnaire by the competence approach

Analyzing the content of study process, learning outcomes can be separated from
competences, thus indicating the different roles of academic staff and students. Desired
learning outcomes of the process of learning are formulated by the academic staff.
Competences are obtained or developed during the process of learning by the student [1].

Learning outcome can be determined in the description of study courses. The author of
the course should point what a learner has to know, understand and/or be able to demonstrate
after completion of learning. Learning outcome can be determined to the separate study
course, as well as to concrete study period — for example, to each study year. Learning
outcomes specify the requirements for credits acquiring.



Competences represent a dynamic combination of knowledge, understanding, skills and
abilities. Fostering competences is the object of education programs. Competences are formed
in various course units and obtained at different stages of education process.

Preparing the form of questionnaire for study process evaluation, the competence
approach was chosen. The record of 33 competences forms the basic structure of the
questionnaire form. It is offered to evaluate these competences in the 10 points scale
depending on the level of development of concrete competence at the moment, when student
starts studies in the university, and at the present study moment. The third evaluation, in 10
points too, determines the level of competence development, which is necessary for
successful realization of professional activity. Such an approach to competence evaluation
division allows one:

e To evaluate the conformity level of the study program graduates to the requirements
of labor market. As a comparison basis we can use the evaluation of competence
importance given by students, as well as opinion of experts — employers.

e To determine which competences

Are important to work, but are not developed enough;

Are not very important and are developed weakly;

Are not acknowledged as important, but are marked as developed very well;
Are very important and are developed very well.
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All competences are grouped into three categories in the questionnaire form:

e Instrumental competences (1 - 13);
¢ Interpersonal competences (14 - 21);
e Systemic competences (22 - 33).

Average evaluations are counted in every competence group, and the groups of basic
competences with higher rank in the appropriate group are determined.

3. The task statement and methods of solution

Nowadays logic rule induction can hardly be considered a new task. However the task
of technology developing for correlated use of different diagnostics solutions is still topical.
The proposal of such methods will be especially valuable, for example, in small size data sets,
typical to areas of sociology and psychology [2].

Nowadays decision trees are one of popular methods for finding and representing
regularities. Binary decision trees were used in the experiments with questionnaire data
analysis — any non-leaf node is split only into two branches. The nonleaf nodes are labeled
with concrete attributes, but the branches are labeled with concrete qualitative data values or -
with interval of quantitative attribute values [3].

When the decision tree is constructed, it is easy to convert it into the form of
“IF...THEN...” rules. The quality of the decision tree is determined by two parameters: the
precision and the complexity. The precision of the tree indicates the purity of the data
classification. The complexity of the tree is determined by the number of the tree nodes,
number of leaf nodes, and maximal depth of the tree, i.e. distance from the root node to the
decision node.

The data of the questionnaire results has to be prepared in a special form to use the
machine learning methods. At first — whole data table has to be split into the learning set and
the test set. This kind of data split doesn’t present any problems. For example — we choose the



first third part of the data table as a learning set, but other data will be used for testing. The
proportion of the split can be different.

Another requirement for the data — we have to strictly separate attributes which are
some decision or conclusion, and which are analyzing to make that decision or to make
conclusion. [4] For example — to find out the students satisfaction with the technical support
of the program, we can be interested about their study program, about their age, the study
year, participation in the lectures. In this example — the satisfaction with technical support will
be the target attribute or the class. In Table 1 the class is in the last column C. The other
questions are attributes, which influence the values of the class (in Table 1 - columns Al, A2,
A3 and A4).

Table 1
The part of the questionnaire results data table
No | A1 | A2 |[A3 | AMd| C
1 5|41 4|5 8
215 ]2 3| 3 7
313]3 |53 3
4 | 4 |13 1| 2|3 4
5| 3| 2 3| 3 6
6 | 3|2 |43 1
71412 ]3] 3 6
8 |3 ]4 |23 7
9 | 5 1 3 |3 8
104 | 3 | 5| 4 7

While composing the form of the questionnaire, some a priori indicators are offered —
the set of questions, which can influence the observed branch. The expert of the branch (for
example, director of the program or the council of program) offers these a priori indicators,
making this choice on the basis of some theoretical considerations. We can group a priori
indicators into separate subgroups (Figure 1). These subgroups reflect the factors, which the
organizers of the questionnaire want to analyze. In this questionnaire as some factors we can
mention, for example, the satisfaction of the students with the planning of the study process,
the motivation of the education obtaining, accessibility of the literature necessary for studies
etc. The audience involved in the questionnaire has not to know about these factors. The
participants of the questionnaire give the answers to the separate questions or evaluate some
components of the study process. When the questionnaire is performed, the summary of the
results can show, which indicators practically do not participate in the branch forming or in
forming the opinion about considered branch. After such experience is gained, one of the
important tasks is to identify a posteriori indicators. A posteriori indicators have to be chosen
so that

e they directly characterize the factors which are analyzed;
e in the case of the necessity they would be the basis for renewing the indicators as
precisely as possible.
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Figure 1. Summarization of separate indicators into factors

The decision tree construction methods can be used to solve the problem of reduction of
the indicators space.

4. The analysis of questionnaire results

The technology of the decision tree construction C4.5 was used investigating the
education quality in the study programs of Daugavpils University. The task of the
investigation is to find out the opinion of the students and the academic staff about the
organization questions of the study process and about the study program content. In the
questionnaire form, the questions are included, which can help to determine the education
motivation of the students. Analyzing the results of the questionnaire, we can connect the
motivation of the education with the level of development of separate competences.

The 33 competences included in the questionnaire form are evaluated from three
positions:

e level of competence development at the moment of studies beginning in university;
e level of the competence development at the current moment;
e the necessary level for the professional activity in the specialty.

After the questionnaire was made the mean value for the instrumental competences was
calculated in the third position “necessary level for the job” (let’s name it Ideal level, which
has to be achieved to implement the professional activity on a high level).

Similarly the mean value for the instrumental competences was calculated in the other
two positions “level at the moment of studies beginning” and “at the current moment achieved
level” (let’s name them accordingly Start level and Current level).

These values have to be calculated to somehow evaluate the necessity of education for
students (i.e. — why the education is necessary for the student). Then we can evaluate this
necessity of education, for example, as a difference between Ideal level and Start level.

The achieved education level can be evaluated as a difference between Current level
and Start level.

If we reflect the scale of competence acquisition, then we can choose the form of
display, where on the one side of the scale is Start level, but on other — Ideal level, and when
the Ideal level is achieved, we will consider that competences are developed by 100% (see
Figure 2). Then we place the level of Current competence development on this scale. Is this
reached Current level somehow connected with motivation of education? — Such scale could
help to answer this question. If the Current achieved level on the scale is close to Ideal level
or — it is almost in the same position, then we can assume that the motivation of the student is
to receive the diploma. But this decision should be based on the study year of student also. In



the fourth study year it would be logical if the appropriate competence is absolutely
developed.

Current
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Figure 2. The scale of the competence development level

With this scale we can also survey how much (in percentage) the necessity of education
is performed in study process.

What determines the necessity of education? To answer this question, correlations were
estimated between the Ideal level and how high is development level on the Start.

From the results of the questionnaire, it can be seen that there are some competences,
which are evaluated as important for professional activity (/deal level), but these competences
have no necessity of education. Maybe it is because this level is reached already.

The result of using the decision tree construction algorithm C4.5 is a graphical
representation of separate regularities in the form of a decision tree, as well as the rule set
(Table 2).

Table 2
The rule set received as a result of using C4.5

Rule 1: | IF A1 =3 AND A3 =3 THEN Class 6.
Rule 2: | IF A1 =1 THEN Class 7.

Rule 3: | IF A1 =5 AND A2 =2 THEN Class 7.
Rule 4: | IF A1 =5 AND A2 =1 THEN Class 8.

The results of this concrete experiment show that the attribute A4 doesn’t participate in
the decision making at all. I.e. — to find out, how the level of development of competence C is
connected to an estimation of attributes Al, A2, A3, and A4, further we can cancel the last
question, because the algorithm has evaluated it as unimportant for formation of
corresponding competence.

While processing the questionnaire data, the necessity had occurred to create any
parameter, which would measure the success of the education process. The realization of the
necessity of student’s education increases as the study year increases. A person or a group of
persons, which take the expert position (for example — director of study program, or the
council of study program), evaluate the program and determine, which competences, in which
study year and to which extent have to be developed. For example: first study year — 30%
realization, second study year - 40% realization, etc. After that, this determination can be used
to evaluate the process of education — is it successful or not, because the student opinion is
considered, in what level the concrete competence or group of competences is developed the
in Current position.

5. Conclusions

When the first questionnaire stage was performed and the acquired data has been
preprocessed, it became clear that the additional tasks will appear for investigation using



decision trees. At this stage of the investigations — one of the decision trees construction
algorithms advantages, which we can use in the processing of the questionnaire results, - is
the ability to work with qualitative data (discrete attributes). The statistic methods, which are
used to process the results of the questionnaire, such as — analysis of the correlations,
regression, analysis of the factors, - these methods work with quantitative indicators
(continuous attributes). However, it is quite hard to find such numerical scale for the form of
questionnaire which represents the opinion of the respondent
correctly/objectively/unequivocally. Even if the answers to the questions have to be evaluated
by numerical mark, the respondents very differently feel zero position in the offered scale. For
example, for one respondent the weakly developed competence will be evaluated with the
mark from the interval [2, 4], but for another the comprehension about weakly developed
competence will be in the interval [3, 5] (see Figure 3).
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Figure 3. The scale of competence evaluating

One part of questions of the questionnaire form is included to evaluate different aspects
of the material and technical support of the study program, as well as — the organization
aspects of the study program. With the decision tree construction algorithm C4.5 the
experiments were performed to try to crystallize out more essential indicators (attributes)
from all attributes set and to observe which questions do not participate in the concrete
opinion forming, for example — in the development of separate competences. The work on
these experiments has to be continued because it is important to find out, why some attributes
are selected, while others are ignored. Actually, at the heart of this choice is insignificance of
separate indicators in formation of factors, or it is the specificity of algorithm C4.5, choosing
some attributes which have a smaller number of values (number of possible answers to
questionnaire questions).
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Bolakova Ieva. Kompetencu attistibas novértésanas rezultatu apstrade ar léemumu kokiem

Raksta izskatitas iespejas aptaujas rezultatu analizésanai kopa ar statistikas metodem izmantot ari induktivas
apmdcibas metodes — lemumu koku konstruésanas algoritmus. Aptauju organizésana ir viens no veidiem kd var
nodrosindt atgriezenisko saiti ar studentiem izglitibas procesa. 2008.gada pavasari Daugavpils Universitaté tika
sagatavota aptaujas anketa, kuru turpmak izmantos, lai varétu objektivak novértét izglitibas kvalitati dazadas
studiju programmds. Aptaujas anketas struktiira ir balstita uz kompetencu pieeju. Miisdienu izglitibas sistema
kompetencu pieeja ir [oti aktuala, jo kompetence sevi apvieno gan iegiitds jaunds zindsanas, gan So zinasanu
izpratnes pakapi, spéju pielietot iegiitas zinasanas. Izmantojot algoritmu C4.5, tika veikti atseviski eksperimenti
aptaujas rezultatu analizéSanai. Izskatita viena no lemumu koku konstruésanas algoritmu pielietoSanas iespéjam
— atribiitu kopas samazinasana. Darbs pie Siem pétijumiem tiek turpinats, jo pagaidam vél nav parbauditas visas
iespéjas un prieksrocibas, ko var dot léemumu koku konstruésanas metodes izmantoSana aptaujas datu
analizésana salidzinot ar statistikas metodem.

Bolakova Ieva. Processing the results of competence evolution evaluation by decision trees

This paper considers the use of inductive learning methods - the decision tree construction algorithms- for
analyzing questionnaire results as an additional tool together with statistical methods. The questionnaires are
one of the ways to ensure student feedback in the education process. In the spring of 2008 in Daugavpils
University a form of questionnaire was prepared. This form will be used to more objectively evaluate the quality
of education in different study programmes. The structure of the questionnaire form is based on the competence
approach. The competence approach is very topical in today’s education system, because the competence
involves new acquired knowledge, as well as the level of understanding of this knowledge and the ability to use
acquired knowledge. To analyze the results of questionnaire, a series of experiments was made using the
algorithm C4.5. One of possible applications of decision tree construction algorithms is considered — reducing
of the set of attributes. Investigations continue in this area, because not all possibilities and advantages of the
use of decision tree construction methods in the analysis of the questionnaire data are examined.

Boasikopa HeBa. O0pafoTka pe3yJibTATOB OLEHKH Pa3BUTHS KOMIETEHHHIl € MOMOUIBIO /1epeBbEB
peuieHuit

B cmamve paccmompenvl 603MONCHOCMU UCRONBb308AHUS MEMOO08 UHOYKMUBHO20 O0OVYEHUs — AN2OPUMMO8
ROCMpOeHUsl 0epesbes peuleHuti Olisl aHaau3a pe3yibmamos onpoca. Opzanuzayusi onpocos — 3mo 0OUH U3
cnocobos obecnewumsv 00pamuyl0 C643b CO cmyoeHmamu 8 npoyecce obpazosanus. Becnou 2008 2o00a 6
Hayeasnuicckom  ynugepcumeme 6vlia  NO020MOGLEHA AHKEmMa, KOmMopyio 6 Oydywem Rnianupyemcs
ucnonv3oeams 015 6onee 00BLEKMUBHOU OYEHKU KA4ecmed 00pa308aHUs 6 PA3HLIX NPOPAMMAX 00yYeHus.
Cmpykmypa ankemvl OCHOBAHA HA KOMNEMEHMHOCMHOM nooxode. B coepemennoii cucmeme o06pazosanus
KOMNEmMeHMHOCMHbIIL NOOX00 04eHb aKMydjeH, NOMOMY Ymo Komnemenyus 0o6veounsem @ cebe u noiyyentvle
HOBble 3HAHUSA, U CMeEeNneHb NOHUMAHUS OMUX 3HAHUU, U CHOCOOHOCMb NPUMEHAMb NOLYYEHHble 3HAHUSL.
Hcnonwvzys aneopumm C4.5, 66110 nposedeHo HecKOIbKO IKCHePUMEHMO8 Ol AHAU3A Pe3yabmamos onpoca. B
cmamve paccmompena 00HA U3 603MONCHOCHIEN NPUMEHEHUSI AN20PUMMO8 NOCMPOEHUSI 0epesbes PeuleHUll —
VYMeHbUleHue MHOJcecmaa ampubymos. Paboma Had smumu uccied08aHusiMu RPoOOINCAEmcst, NHOCKONIbKY euje
He U3YYEHbl 6Ce GOZMONCHOCMU U NPEUMYWECmEd, KOMopbvle NpedoCmAsisien UCNOAb308aHUe Memo0o8
HOCMpPOeHUsL Oepedbes peuleHuil OISl AHAIU3A OAHHbIX ONPOCA NO CPABHEHUIO CO CMAMUCIUYECKUMU MEMOOaMU.



