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Abstract

The competitiveness of young people in the labour market is determined by the level of their education or a

set of competencies satisfying modern requirements, and objective assessment methodology is needed for the

identification and monitoring of students’ ability to master the quality, growth dynamics and improvement of

this set of competencies.

The improvement of organization management system that is aimed at excellent and efficient management

makes use of RADAR assessment methodology. The Article deals with the learning achievement assessment

model in the chemistry-teaching course that has been synthesized on the RADAR assessment concept basis.

The developed model is based on four priorities:

1. Assessment is transformative — it is carried out individually and collectively to stimulate students to develop
the adequacy effect aimed at becoming aware of their learning abilities.

2. Assessment can be reviewed — the set of criteria provides information on improvement possibilities and
harmonization that would promote formation of continuous improvement spiral.

3. Assessment can be deployed — the acquired information is applied, planned and used in experiments to
promote changes in learning activities.

4. Assessment is successive — elements of assessment process promote successive assessment during learning
process.

Key words: science competency, developing learning in chemistry, self-assessment, integral approach, set of

criteria, personality development.

Introduction

In this dynamic period, with science based economy emerging and developing and education
processes purposefully led by the society, the competitiveness of young people in the labour market
is determined by the level of their education or a set of competencies satisfying modern requirements,
comprising both professional knowledge and skills in specific speciality, as well as knowledge and
skills that can easily be transformed and applicable in different sectors. Thus particular significance
acquire complex cross curricula competencies that are formed and developed on the basis of integral
knowledge and skills of common several science subjects (Eurydice, 2002; Koke, 2003).

One of cross curricula competencies that are being used in international comparative longitu-
dinal researches (IEA TIMSS; OECD PISA) for the characterization of the state’s education system
quality is the science competency. This competency reflects the ability of an individual to use the
knowledge of science subjects; to make conclusions; to understand and take decisions about the
world of nature and changes therein caused by the activities of people (Kangro, Geske, 2001; Geske,
Grinfelds, 2006).

The TIMSS un OECD researches made during last ten years have discovered a correlation
between the student’s achievements in science subjects and his/her ability to link the mastered
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knowledge with the surrounding world and everyday life experience; to apply them in problem solu-
tion and decision taking. Unfortunately for students in many countries (including Latvia) this ability
is insufficiently developed and trained (Guzejev, 2001; Namsone, 2003, Staudel, 2004; Gedrovics,
Jerorena, Kuusela, Wareborn, 2006).

The interactive learning methods (De Jesus, 1995; Felder, 1996; Witteck, Leerhoff, Most, Eilks,
2004; Husan, Hill, Reid, 2004; Kalnina, Priksane, 2005) have proved their efficiency in the develop-
ment and formation of students’ research thinking skills and socio-communicative competencies in
chemistry lessons.

In the application of interactive learning methods a ‘stumbling block’ according to the teachers
is the absence of objective and pithy intellectual achievement assessment methods (Cohen, 1994;
Kiraly, 1996; Gage, Berliner, 1998; Graf, 2000; Priksane, Klimenkovs, 2006).

The problem related to the assessment of students’ learning is topical all over the world. Al-
ready in the mid 80ies of the 20™ century W. Edwards Deming (30 years in quality management - the
author of Deming’s Cycle and the Miracle of Japanese Economy), when analysing the reasons of
breakdown of USA economy pointed out that in the USA the process development has been wrong
for more than 50 years. For example: in the education - children are spoiled by the assessment and
mark system, they should learn cooperate rather than compete (Deming, 1986).

At the turn of centuries the assessment issue in the scientific language got the name ,,Millen-
nium problem” (Kunzel, 1999; MacBeath, Sugimine, 2003), because in post-modernism era, with
the change of education paradigm, the concept of education changed globally. Thus new challenges
are set forth to the education policy makers, scientists and teachers, namely to review the concept of
assessing system and seek for new approaches to the assessment of intellectual achievements.

Methodology of Research

To be able to develop a modern approach to the assessment of students’ learning in chemistry
a research was undertaken, the theoretical part of which clarified the following issues:

1. What in modern pedagogy is understood under the notion ‘assessment’?

2. Whether the assessment system in schools, for instance in Latvia, promotes student’s
learning, or on the contrary — hinders it?

What assessment approaches are being developed at present?

The research applied the following research methods: analyses of scientific literature, the con-
tent analyses of regulating documents on Latvian education system and EFQM excellence model
methodology. The analyses of the results gained in the theoretical part of the research and conclu-
sions made determined the course of the practical part. Within its framework the students’ learning
assessment system model in chemistry was synthesized based on RADAR assessment model.

Results of Research
Assessment component in the everyday learning process aspect

Scientific literature gives different explanations, for instance, assessment is a feed-back-function
of teaching quality (Graf, 2000); it is an interaction with another person to gain and interpret infor-
mation about the knowledge and understanding, skills and attitude of this person (Liepins, 1999);
it is a process of intellectual activity having a motive, goal, instruments and result (Servuta, Spona,
1995); it is a process for collecting information, developing conclusions and getting assessment on
student’s achievements and growth (Johnson, Johnson, 1996; Gage, Berliner, 1999). The diversity of
term interpretations proves the assessing complexity because it comprises both the process analyses
and the results.

Kvale (1993) when analysing the assessment process at school has put a question: “What is be-
ing assessed — the student or knowledge?”” The answer to this question can be given by the analyses
of the regulating documents on education system.

For example, in Latvia students’ learning the teacher in line with the State Education and Subject
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standards assesses achievements. The teacher must assess the size of mastered knowledge, mas-
tered skills, attitudes towards education, as well as the student’s development dynamics. In primary
school until form 2 a descriptive system is being used, when no marks are given, which gradually
till form 4 transforms into a mark-based assessing system within the 10-point scoring range. This
assessment plays a very significant role in the student’s further life because it not only shows his/
her level of progress, but also determines his/her ability to enter the next level education establish-
ment and compete in the labour market. An element of 10-point assessment system is ‘tested/ not
tested’, which is used when forming links with a student, making a simple statement, checking the
memorization and application level, elementary knowledge and skills. The given assessment is not
taken into account when determining the student’s semester or yearly mark, except cases when the
teacher must choose between, for instance, either’5’ or ‘6’. The students’ learning assessment forms
and methods at present in force in the country are given in the review table (Table 1).

Table 1. Learning achievement assessment forms and methods.

Form Methods Assessment goal Assessor Ass;sasar:ent
Diagnostics or Test; inquiry or To find out the student’s Teacher Tested/ Not
introductory discussion preparedness level on the tested
assessment previously mastered learning

material, when starting a topic, a
course. Students’ motivation for
active learning. Harmonization
of student’s and teacher’s
cooperation forms, specification of
learning objectives and tasks
Formative or current Verbal control Stating of students’ achievements ~ Teacher Tested/ Not
assessment Individual or to get feed-back on learning tested
frontal; solving process and motivate him/her to
tasks; laboratory improve the performance
work, experimental
works, work with
a text; homework;
demonstrations;
practical works
Summarizing or Final control work To find out students’ knowledge, Teacher 10 mark scale

skills and attitudes mastered within
the framework of topic, to be able

marginal assessment on the topic, a set

of topics or a course

part to judge on his/her readiness for
final test and future mastering of
subject
Final assessment Final test atthe end  To determine how the standard Schoolor 10 mark scale
of school year, state  subject requirements are fulfilled district, or
examinations or the state

exams established
by the school

(Ministry of Education and Science Republic of Latvia, http://www.izm.gov.lv/default.
aspx?tablD=7(=1&cid=445; Center of Education Content and Assessment, http://isec.gov.lv/peda-
gogiem/program/pamskol/prog.shtml?kimija8 9; ISEC, 2005).

The Review Table gives a complete but statistical essence of the learning process assessment
system and the latest tendencies. Unfortunately, not everything has been thoroughly considered. If
we make a mutual comparison of requirements set out in regulating documents, for instance, what
in the learning process must be evaluated by the teacher, to what is set out in the sample programme
evaluation objectives of subjects, one can see that assessment should be made mainly to find out
and control the compliance of the amount of students’ knowledge and skills to the requirements of
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education standard in the specific subject, and not to evaluate the student’s learning development
dynamics and his/her attitude to education. Besides, although in the summary evaluation goal men-
tions that attitude is also being assessed, yet the Regulation on 10-point scoring system does not
provide for such a possibility. This system should be used when assessing the creative work where
the student is given an opportunity to use knowledge and skills in situations unknown to him The
evaluation goals in diagnostics and formative evaluation to a certain extent orientate the teachers to
the application of alternative assessment approach, but at the same time it is not clear which are the
cases when some other evaluator should be involved, because regulating documents state only that
learning achievements on an everyday basis should be assessed only by the teacher.

Besides, the number of compulsory marks in semester set out in Latvia to a high extent is
hindering teachers from systematic daily use of interactive teaching methods, because traditionally
in such cases students’ learning achievements are evaluated only with ‘tested/not tested’. Thus, for
example, in chemistry in comprehensive schools only laboratory works are regularly organized as
a pair work, other interactive methods are being applied very seldom or practically are not used at
all. (Kalnina, Priksane, 2006).

The analyses of the documents results in an unmistakable answer to the question, what is being
evaluated at school? It is knowledge and not the student’s development.

Where the assessment goals and consequences are not thought over and are based only on the
measurements of the existing practice, then evaluation can be simply transformed into a control
instrument, which in the daily learning process can hinder and limit innovations.

Alternative evaluation approach in daily learning process aspect

In the 80ties of the 20™ century with the activation of researches on innovation approaches to
the learning and teaching methodologies and their role in the development of individual’s personality,
particular attention was paid to the cooperative learning. Its successful procedure is ensured by the
implementation of five basic principles, one of which is assessment. This procedure involves group
members who assess themselves the achievements attained as a result of this cooperation as well as
the group work process. Thus a new approach to the assessment is emerging in daily learning process,
where teacher’s assessment goes together with group members’ assessment. Assessment of coopera-
tive learning is based on broadly considered judgements the presentation of which is the result of
assessment. Self-assessment serves as an additional information source about the processes within
the group. Particularly important is student’s — teacher’s conference where they discuss each student’s
individual learning progress (Johnson, Johnson, 1996; Paulson, 1999; Bell-Loncella, 2001).

Other new assessment approaches are being developed too, for instance, authentic one, which is
close to the way in which education achievements will be show themselves in real life situations (Col-
lison, 1998; Gage, Berliner, 1999). Essentially this is a transition from summary —regulation-based
approach to formative —criteria-based approach, besides the students’ learning self-assessment is a
part of authentic assessment (Dunn, Parry, Morgan, 2002; Hume, Carson, Hodgen, Glaser, 2006).

Thus particular emphasis is put on the self-assessment of learning achievements as an alter-
native assessment approach, to make an individual to understand better his/her learning and thus
could manage and improve it purposefully. To integrate the students’ self-assessment as an integral
component of the assessment system of chemistry learning process, the EFQM excellence model
methodology was used.

Insight into EFQM Excellence Model with RADAR assessment methodology in the centre

At present in Europe and elsewhere in the world different all-inclusive quality management
models are being used for the quality assessment of education system, system harmonization and
advance towards perfection. The EFQM excellence model with RADAR assessment model method-
ology in the centre is one of these methods. Advancing towards market economy and harmonization
of national economy the European Foundation for Quality Management (EFQM) in cooperation with
European Organization for Quality (EOQ) have developed an all-inclusive quality management (TQM)
European model EFQM (1999), which has undergone improvements during the period till 2003,
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thus it was transformed into EFQM excellence model with RADAR assessment methodology in the
centre. EFQM excellence model is a practically applicable methodology and is applicable in all type
organizations, institutions and companies, and can be implemented in the most relevant manner:

*  Model as a self-assessment instrument to understand the organization’s performance
towards excellence, being aware of and assessing inadequacies;

» Concept as a basis for common vocabulary as a deliberate way of thinking in all organi-
zation’s structures;

* Formation as a system for the introduction of existing and future ideas, preventing repeti-
tion and being aware of imperfections;

» Pattern as an organization management system structure.

The model comprises groups of criteria described in 9 modules that promote organization’s
successful advancement. Each module is given a number, it is described and its importance is char-
acterized. Criteria groups consist of thematic sections — activities summarizing criteria, which should
be considered when evaluating model efficiency. When evaluating each criteria group is given a
definite number of scores which in the point of fact should be more ascribed to the significance of
definite group — module and therefore there is no strict requirement for its uniform consideration.
Among groups-modules that can be interpreted professionally, five of nine cover possibilities, and
four — results. The possibility criteria are to be ascribed to the activities to be carried out in the or-
ganization, but the result criteria reflect the organization’s achievements.

The nature of RADAR assessment methodology put in the centre of excellence model roots in
the logics of successive analyses and synthesis, covering 4 successive stages.

The RADAR methodology elements - approach, deployment, assessment and review are ap-
plicable to each enabler criterion in EFQM excellence model, but the results element — to the Results
criteria. In each of them:

*  The scope of the results shows the organization’s achievements and performance, char-
acterising successful achievements of organization and development efficiency towards
excellence. The scope of results is applied also for the improvement of respective crucial
fields. The results can be systematized, segmented, grouped in interesting cross-sections
that promote identification of improvement opportunities.

The approach is an aggregate of intended activities and planned actions of organization. Success-
ful approach is rooted in present and future needs and requirements of organization to be achieved
by means of harmonized and continuous improvement processes and procedures that are focused at
satisfying all stakeholders’ needs. Integrated approach is substantiated by the organization’s strategy
and policy.

* Deployment covers organization’s activities for the deployment and extension of ap-
proaches and solutions. The organization is continuously realizing its ideas in crucial
fields of activity that are well planned to be able to implement the ideas in the most ap-
propriate way.

* Assessment and review is the activity the organization carries out to review and improve
its approach and deployment and the received results are used for the identification and
harmonization of most significant fields, for improvement planning and implementation
(Wunderer, 1997; Mayerer, 2004; Janauska, Mazais, Salenieks, 2005).

Students’ learning assessment system model in chemistry

In the student learning oriented pedagogic paradigm the basis of student’s learning progress as-
sessment is formed by learning activity, which is being assessed both from the learning results point
of view and learning process aspect. Therefore for the implementation of this assessment procedure
through EFQM excellence model structural elements (sets of criteria — modules) for chemistry learn-
ing and teaching model the following was developed:

* Chemistry learning and teaching activity concept (strategy): continuously involve
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students in active cooperation-based practical and research work to enhance the learning
process efficiency, formation and improvement of competencies, development of student’s
personality during chemistry mastering process.

*  Chemistry learning and teaching activities: enable students to become aware of their
intellectual resources, to perfect them during learning process in line with their learning
peculiarities.

*  Procedure of chemistry learning and teaching activities: in the chemistry teaching proc-
ess to create an environment promoting active cooperation and communication between
students and thus enhancing efficient teaching information processing and mastering.

It should be noted that in this case at the basis of chemistry teaching lays the didactic model
of cooperation (CDM), which presents a group work system (both from the thematic and teaching
organization aspect), which integrates cooperative learning elements. This systematic approach
was worked out to promote the development and improvement of student’s research thinking and
socio—communicative competencies, thus promoting formation of science comprehension in the
chemistry mastering process (Kalnina, Priksane, 2005). Development of CDM model was based on
the researches carried out in previous years, and thus it will not be considered in detail in this article.
Since the learning environment was formed as an active practical or research activity of the student
in small groups, the student simultaneously performs both learning and teaching activity, and so
the next step is connected with the application of excellence model structure to this activity model,
where the basis is CDM model organization structure. Figure 1 shows that CDM model structure
elements are integrated in nine criteria sets of excellence model, of which five first criteria cover
opportunities, while the latter four — the results.

Enablers Results
< > < >
Leadership People Processes People Results
Working group |_| || Satisfaction of L =
2 working group 6 S
Active I gy
cooperation on B g.,
two levels: Policy & Training, Customer Results 3
Teacher | Strategy = developing and | - [®
Practical and educating Students 2
| research activity processes; satisfaction 7 &;
3 Emotional 2
| processes; £
Pupil/student Partnerships & Organizational Society Results; =
| Resources processes, etc. Compliance to =
= Communication | | education concept | =
in the use of and education §
Working intellectual standards; g'
groupa resources Satisfaction of
4 5 parents and other e
stakeholders 8
<
Innovation and Learning
Figure 1. CDM model integrated in Excellence model structure.

It should be noted here, that students constitute internal customers of this ‘formation’, in its
turn students’ working groups constitute participants of ‘this formation’. Thus, for example, leader-
ship (criterion 1) in this case is based on active two level cooperation (teacher — student — student’s
working groups), and this criterion passes through the whole model.

Particular significance and close ties the leadership has with criteria 2, 3, 4 and 9, and not so
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close and direct — with criterion 7. For instance, cooperation between working group (criterion 2)
members participating in practical and research work determines the group work productivity. In
its turn, the group’s satisfaction characterises the cooperation level quality. The results gained from
criterion 7 give a feedback on the learning process course. Linking of cooperation (criterion 1) and
communication when students are using the intellectual resources for obtaining, processing and mas-
tering information, (criterion 4) is crucially important because they form CDM model approach. Thus
learning results (criterion 9) give a feedback about the quality of criteria 1 and 4. Another significant
criterion are processes (criterion 5), which is closely linked with criteria 1 and 2, and similar to other
cases, the feedback on its quality is given by final learning result, which is to be connected with the
satisfaction of working group members and each individual student, as well as with conformity to
state education concept and modern requirements of society. Explanation of examples discloses the
nature of model, since thanks to the opportunity quality, the chemistry teaching and learning concept,
activities and processes or movement towards ‘excellence’ in learning can be implemented, and op-
portunities are improved reciprocally according to the attained results.

To gain broader and more multiform information on students’ learning efficiency and its im-
provement possibilities, understanding of learning material, motivation and interest in its mastering,
the following instruments were used:

»  Self-assessment of working group;
e Student’s self-assessment;

e Teacher’s assessment.

In its turn, for the student’s self-assessment to provide vast information that is significant for
the future work, there were developed two type sets of criteria, which are envisaged for a short-term
and long-term learning period.

Assessment criteria for a short-term period (to get an immediate reflection about the work in
the class) are as follows:

» performance of learning and group work tasks;

» understanding of mastered information;

* significance of mastered information;

* emotional mood during work;

* individual input into work;

* investment of creative potential (generating ideas);

» significance of newly gained knowledge or newly mastered skills.

Students, both individually and collectively (group members jointly), periodically carry out
assessment of work in the classroom according to 5-mark score system.

These criteria provide information on the quality of processes taking place internally from the
student’s or working group’s point if view or a feedback, that clearly reflects emotional mood of each
individual or the working group, the productivity of learning activity, comprehension of learning
material. The obtained information determines the course of further work process. It fulfils several
functions, for instance, forms the students’ view on what has been mastered during the class, what
new has been mastered and how significant it is for him/her, whether he/she is satisfied with his/her,
other person’s performance in the class, whether the learning material has been understood. This
information is of crucial importance also for the teacher because it gives a feedback about the quality
of the lesson, namely, whether the content of work task has ensured understanding of learning material
and engaged students’ attention, what changes should be introduced. It should be stressed that this
information initiates monitoring of students’ learning process, where he/she is being involved, and
together with the teacher the foundation is laid for the first ideas about an opportunity to improve
one’s learning. Given information in point of fact is initial basis for the development of students’
learning achievement ‘portfolio’.

In its turn, another set of criteria applies to a longer period or monthly self-assessment by the
student or the assessment by the teacher, which includes already five criteria sets with sub-criteria.
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The set of criteria and included sub-criteria are characterised by:
» knowledge and skills in the subject (set out by the standard of chemistry subject);

» practical skills (include both the use of terminology and proper measurement units,
laboratory appliances and vessels, presentation of work results and observance of work
instructions);

» research thinking competencies (include competencies to think analytically, creatively
and also applied thinking);

* communication and cooperation competencies (include socio — communicative and
interaction skills);

» personal qualities and attitudes (a set of qualities characterising an individual as an open,
sympathetic, flexible, him/herself and others respecting, responsible personality).

These criteria reveal information on concrete facts, which is being used for thorough analyses
and planning of learning improvement opportunities. It is done by the student himself/herself and by
the teacher. This approach develops the student’s understanding about his/her intellectual resources,
as well as a possibility to advance in line with his/her abilities along a continuous learning improve-
ment spiral.

A special matrix comprising the above criteria sets ensures review of assessment procedure. It
helps to assess thoroughly definite basic elements of learning organization, for example, homework,
laboratory work (theoretical and practical parts), group work presentation, small group projects, etc.,
giving them assessment in per cents. The arithmetical mean result of each criteria set is multiplied
with a definite coefficient, thus giving the score the sum total of which or total value is within the
range from 0-1000 scores. This scoring system, where necessary, can be easily linked to the 10-mark
scoring system.

Thus the RADAR assessment methodology gave a possibility to synthesize on its basis a learning
achievement system in chemistry, which is grounded in four priorities: assessment is transforma-
tive — deployable — reviewable — successive.

Transformative because it is done both individually — by the student and teacher, and col-
lectively — by the working group members. It stimulates formation of adequacy effect in
students because through it his/her self-assessment corresponds more to the assessment
done by other students and the teacher, thus promoting development of new assessment
practice both in students and teachers.

Deployable because information obtained from assessment is used for the analyses and
planning, it is experimented with seeking an opportunity to improve learning activity,
thus promoting the growth of student’s intellectual resources.

Reviewable because the set of developed criteria provides information on processes going
inside and outside achievements in concrete type of activity and on concrete topic of the
subject. It is ensured by the assessment matrix and net diagram showing assessments by
working groups, student and teacher, and thus formed accumulation can be used in the
development of ‘portfolio’.

Subsequent because elements of assessment process are subordinated to each other and
harmonized: sets of criteria for learning assessment; awareness of intellectual resource;
identification of improvement possibilities; reviewing of learning achievements aimed
at advancement towards a new learning cycle, thus ensuring a successive assessment
during learning process.

This approach is an essential innovation in the assessment strategy and a shift of focuses in the
assessment of students’ learning.

Conclusions

The results of the research show that the issues of students’ learning assessment are among the
most topical problems, which at he turn of centuries got the name ,,Millennium problem”. The sum-
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mary, standard based learning assessment approach fulfils the control function over knowledge and
skills amount compliance, rather than assesses the students’ education achievements. Giving marks,
for example, in Latvia hinders systematic application of interactive learning methods in the learning
process. At present the science and education policy makers focus their attention on the search for
alternative approaches, which would help to make a more reasonable assessment procedure. One
alternative approach is the students’ self-assessment, integration of which in chemistry learning
process assessment system was carried out by the help of EFQM excellence model, with RADAR
assessment methodology at the centre.

The practical part of the research confirmed that all-embracing quality management method can
help to develop a criteria-based assessment instrument, which would help to make an all-embracing
assessment of student’s learning achievements and to manage his/her learning development. The
RADAR assessment methodology gave a possibility to synthesize on its basis a learning achievement
assessment system in chemistry with four priorities: assessment is transformative — deployable —
reviewable — successive, thus introducing novelties in assessment strategy and shifting emphasis
in the students’ learning achievement assessment. The assessment model structural elements can be
easily incorporated in the learning process assessment system, which thus turns into a continuous
and developing learning.
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