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rapid changes in the external environment require the 
decision-makers to select new approaches and methods 
of decision-making (Svoboda 2008). information and 
knowledge systems based on knowledge approach and 
or/MS methods have an important role in this process. 
Quality decision support systems and information and 
communication technologies and the quality of the 
provided information and knowledge for the decision-
makers are an important source of competitiveness 
(Šilerová, Kučírková 2008). This quality is based on the 
user’s satisfaction with these systems (Beránková et 
al. 2008) and their elements as mathematical models. 
in connection with these facts and with wide-spread 

theory of knowledge mapping, more and more ques-
tions dealing with their practical use arise.

Do we need to formalize knowledge? Do we need 
to formalize its using a knowledge map? What are 
we to do with a (mathematical) model to consider it 
as a knowledge map? is the approach of the linear 
programming model construction (creation) process 
an analogue to the process of the knowledge map cre-
ation? is there any relevant application of this process 
in agriculture and rural development? Some answers 
to these questions will issue from the following text. 
And finally: can we read a solution from a model in 
the same way as knowledge from a map?
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MATERIAL	AND	METHODS

Knowledge	and	knowledge	maps

Knowledge is a central term of knowledge manage-
ment. Knowledge can be defined as a form of problem 
solution with its context, experience, interpretation, 
and reflection. it is a high-value form of information 
that is ready to be applied to decisions and actions 
(Davenport, Prusak 1998). The knowledge is generally 
defined as a dynamic human process of justifying per-
sonal beliefs as a part of the aspiration for truth.

Mapping knowledge in its authentic substance 
has a template in geographical mapping, particu-
larly in military mapping. The first cartographers, 
who were already conscious of their limited know-
ledge, decorated their maps with various pictures of 
animals or dragons in those places where the exact 
data were missing. The maps documenting the ratio 
of knowledge in the face of ignorance arose in this 
way because knowledge in itself rises only on the 
basis of a successfully solved problem. geographical 
maps were static in the principal points, but military 
maps included some dynamic features because of the 
drawings or other graphic descriptions of the battle 
or the progress of its stages (pre-battle tactics, bat-
tle strategy, and the possible post-battle situations 
– many times in various scenarios). 

There are various definitions of the terms ‘knowl-
edge map’ and ‘knowledge mapping’. Stanford (2000, 
2001) defines it as follows: “Knowledge mapping 
quite simply is any visualization of knowledge be-
yond the textual one for the purpose of eliciting, 
codifying, sharing, using and expanding knowledge”. 
graphic symbols play a key role in each knowledge 
map; their positions and spatial relationships are 
mostly expressed with the use of arcs or edges. The 
knowledge map must show a progression of ideas 
with relationships, beyond their being just spatial. 
Knowledge maps include conceptual relationships 
such as the chronological, hierarchical, associative, 
causal, logical and evaluative ones (Stanford 2001). 
The solving process should contain at least four steps 
of the Simon’s problem decomposition, i.e. intelligence 
activity, design activity, choice activity, and review 
activity (Simon 1960). gordon (2002) also shows 
that knowledge maps may be referred to as the maps 
of the way of acquiring knowledge. The knowledge 
maps are important as building knowledge tools as 
well as thinking tools (rogers 2000).

Baron (2004) states that each knowledge map sim-
plifies the visualisation of the reality and suggests 
that it should be divided according to the character 
of the evaluation or solution of the (successfully) 

solved problem. A knowledge map is a special type 
of a reality model, for instance a reality image.

We suggested the following classification of knowl-
edge maps (Šubrt, Brožová 2007):
– Descriptive maps 

– Weak descriptive maps
– Strong descriptive maps

– normative maps
– Prescriptive maps

Descriptive	maps (weak and strong) describe and 
simulate the real situation as precisely as possible. 
Weak	descriptive	maps describe the real situations 
using different kinds of symbols and arcs connect-
ing them. graph theory models are typical tools for 
building this kind of maps. Passing through this map 
helps the user to understand the problem and to in-
crease his/her level of knowledge of “how” to solve a 
problem. The mutual positions of objects (elements) 
are unimportant, only the symbols themselves and 
the quality of their relationships are relevant for the 
map reading and problem solving. not only objects, 
symbols or texts are important for strong	descrip-
tive	knowledge	maps. To be a knowledge map of this 
type, the item must use spatial relationships to elicit, 
share and codify knowledge (Stanford 2001). Such 
a knowledge map must show a progression of ideas 
with relationships beyond their being just spatial. 
geographical maps are typical representatives of 
strong descriptive maps. 

Normative	maps	are related to a typical standard 
or norm, to optimal solution, or to the best deci-
sion. in this case, the aim of the knowledge map is 
to introduce the approach of how to reach the target 
(solution), or how to reach the comparative norm. 
Strategy maps cover the major part of this knowledge 
map type. Strategy maps are a way of providing a 
macro view of an organization strategy, and provide 
it with a language in which they can describe their 
strategy, prior to constructing the metrics to evalu-
ate the performance against their strategy (Stanford 
2001).

Prescriptive	maps (Baron 2004) follow the norma-
tive and descriptive maps. They help to find ways 
to the solution selected according to the normative 
map. The prescriptive maps are mainly oriented on 
the process, not on the state or decision, so they 
have to consist not only of elements and branches 
but also of milestones.

Modelling	process	and	knowledge	maps	

operations research/Management Science (or/MS) 
modelling process (Stevenson 1989, Turban and Me-
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redith 1991, Bonini at al. 1997) is a crucial part of the 
system approach to problem solving, regardless of the 
nature of the system, product, or service. The system 
approach and or/MS modelling process represent 
the scientific solution of complex organisational 
decision problems. The improvement of an existing 
system and good designs for new systems are the 
goals of this approach. 

The system approach can be represented as a 
path from the verbal problem definition, through 
the problem formalisation, the mathematical model 
and its solving, and the solution interpretation and 
implementation. This process needs some form of 
formalisation, especially various forms of symbolic 
knowledge maps (Table 1). 

The knowledge maps creation process means to 
produce a hierarchical structure which consists of 
topics, ideas or concepts linked by branches to other 
elements. This scheme can use a word description of 
the map elements, a symbolic description and colours 

(Buzan 2005; novak and govin 1984; Brinkmann 2005). 
As Šubrt, Brožová (2007) mention, practically all types 
of successfully solved mathematical models, when 
correctly read, are knowledge maps of different types 
– descriptive, normative, prescriptive. The hierarchical 
structure of knowledge maps conforms to the general 
structure of mathematical models. The basic steps of 
the model creation process are thus equivalent to the 
steps of the knowledge map creation. The analogy 
between these steps is shown in Table 2.

RESULTS	AND	DISCUSSION

Knowledge	map	as	a	result	of	the	management	
science	modelling	process	in	agriculture

The basic steps of the agricultural technology weak 
descriptive knowledge map building will be discussed 
on the real example.

Problem	formulation is the most important part 
of the decision-making process. The formulation of 
a problem is often more essential than its solution. 

Table 1. System approach and knowledge maps 

goal System approach Knowledge map

Understanding the problem Problem definition Mind map 
Descriptive map

Quantification concepts and their relations System definition concept map  
Descriptive map

The best solution searching, model  
experiments, model solution Mathematical model Descriptive or normative map

realisation of chosen solution Problem implementation Prescriptive map

Source: authors

Table 2. Analogy between model construction and crea-
tion of a KM 

OR/MS	model	creation	
steps

Knowledge	map		
creation	steps

Variables Topics, ideas or concepts

constraints Branches

Transformation Branches

Evaluation Evaluation

Source: authors

Table 3. relationship between production and yield from 
particular products 

Winter 
 wheat

Spring  
barley

Sugar  
beet rape Peas

1 : 2 1 : 5 1 : 4 1 : 8 1 : 5

Source: authors

Table 4. Yield and cost normative 

Winter wheat Spring barley Sugar beet rape Peas

Labor costs (1 000 czK per ha) 1.2 1.13 5.8 1.2 1.1

Mechanization costs (1 000 czK per ha) 8.1 7.9 25 8.7 8.6

revenue (1 000 czK per ha) 50 12 36 12.4 13

Source: authors
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in fact, understanding a problem usually indicates 
the ways and means of solving it.

Example: A farmer has available 200 ha of his/her 
own land and further 200 ha on lease. The rent amounts 
to 2 500 CZK per hectare per year. He/she has to decide 
about growing winter wheat, spring barley, sugar beet, 
rape or peas. For the sowing progress reasons, it is neces-
sary to keep the definite ratio between the production 
and yield of the particular products. The necessary 
data are available in Table 3 and Table 4.

System	definition	means the first step of the prob-
lem formalisation. it is a representation of the mode-
ller’s thoughts about the reality and it is typically 

expressed by words and graphical symbols using the 
system theory terms as system, elements, relations, 
transformation, boundaries and so on. The definition 
of system boundaries, its subsystems, its components 
and their relations is an arbitrary process. general 
symbols can be used for the graphical description of 
defined system (Figure 1).

Example: Using the suggested symbols; the graphical 
representation of the system definition is in Figure 2. The 
dashed arrow in this chart indicates the ratio between 
production and yield of the particular products. 

Model building	is the base of the or/MS model-
ling approach. The model is a representation of the 

 E l e m e n t  o f  a  s y s t e m  e x p r e s s e d  b y  a  r e c t a n g l e ;  
b o u n d s  t o  i t  a l w a y s  o n e  d e c i s i o n  v a r i a b l e  w i t h  c o s t  
c o e f f i c i e n t   

 R e l a t i o n s  b e t w e e n  s y s t e m  e l e m e n t s  e x p r e s s e d  
u s i n g  s i m p l e  a r r o w s ;  a r r o w  s t a r t s  a n d  e n d s  m a y  b e  
h e a d e d  u s i n g  b a l a n c e  o r  u n i t  c o e f f i c i e n t  

 A d d i t i o n a l  s y m b o l  f o r  r e l a t i o n s h i p  w i t h  o n e  o u t p u t  
a n d  m o r e  d e p e n d e n t  i n p u t s ;  d e p e n d e n t  d e s a g r e g a t i o n ;

 A d d i t i o n a l  s y m b o l  f o r  r e l a t i o n s h i p  w i t h  m o r e  
o u t p u t s  a n d  o n e  i n p u t ;  i n d e p e n d e n t  d e s a g r e g a t i o n ;  

I n t e r a c t i o n  w i t h  t h e  s y s t e m  e n v i r o n m e n t  –  e x t e r n a l  
l i n k s .  

Figure 1. general symbols and their description 

Source: authors

Figure 2. System definition using graphical symbols

Source: authors
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reality from the modeller’s perspective. Therefore, 
it is an objectification of the reality, which in turn 
means a subjective view of the reality. Such a model 
can often be mathematical. Mathematical models 
employ mathematical tools, symbols and notations, 
including numbers

Defining	variables,	setting	up	coefficients

Each system element will be represented by one 
variable (xj) and each objective function cost coef-
ficient will be set. Because economic consistency and 
all economic dependencies and links are expressed 
using internal relations only (in the form of balance 
constraints), the only objective to be maximized is 
profit. Thus all variables cost coefficients are equal 
to zero, only the profit coefficient is equal to one.

Example: In this phase, the coefficients of revenues 
(incomes) and costs of all crops are added to the rela-
tionships. The coefficients expressing costs (land rent, 
labour costs, and mechanization costs) are negative 
due to the further comparison with incomes in the 
profit calculation formulas. Further, the ratios and 
balance coefficients are set (Figure 3). 

Model	completion	–	building	of	a	knowledge	map

completion of constraints and the objective func-
tion is the last step of the model construction.

Example: This model consists of 2 capacity con-
straints, 6 balance constraints and 5 ratio constraints. 
Constraints of the economic type are formulated as 
equations (Figure 4).

In this phase, the issuing model diagram can be 
read as a knowledge map. Crossing the system border 
from the left (two double arrows) allows us to follow 
the process of building constraints on the basis of the 
agro-technology requirements and restrictions. When 
leaving the system border on the right, the mathemati-
cal model is created and a new knowledge map how 
to do this is born. 

Model	testing	and	verification measure the quality 
of the model. The understanding created by the model 
and the effectiveness of the results of the application 
of any operations research models is a function of 
the degree to which the model represents the studied 
system. To define those conditions, which will lead to 
a valid and rational solution of the systems problem, 
the analyst must first identify a criterion by which 
the performance of the system may be measured. 
This criterion is often referred to as the measure of 
the system performance or the measure of effective-
ness. if the model was built well, the model would 
adequately show the behaviour and problems of the 
investigated reality.

Model	experiments follow the steps of the model 
building and model verification. The solution of the 
model with different data quantification provides 
different alternatives of the problem solving and can 

Figure 3. Variables definition, assignment of the model constraints and cost coefficients – quantification of relation-
ships

Source: authors
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improve the understanding of problems. Different 
algorithms (a series of steps that will accomplish a 
certain task) are used to realize these experiments. 
The study, understanding, and invention of such 
algorithms are also important parts of the or/MS 
modelling. 

Results	interpretation	and	implementation	–	Com-
pletion	and	understanding	the	knowledge	map: 
if the mathematical model is a valid representation 

of the performance of the system, by application of 
the appropriate analytical techniques the solution 
obtained from the model experiments should also 
be the solution to the system problem. The analyti-
cal results obtained from the analytic model must 
always be tempered with an experienced judgment, 
since some factors usually exist that could have not 
been included in the model. The communicative and 
political skills of the decision-maker are also needed 
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Figure 4. Model construction 

Source: authors
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in implementing the results of the or/MS model in 
the real-life situation.

The knowledge itself consists in the ability of solving 
the real problem, primarily modelled. The knowledge 
map guides us through this solving process, through 
the process of the arising knowledge via the combina-
tion of graphical and semantic tools. 

Example: Figure 5 represents the optimal solu-
tion of the farm production optimization model. 
The completed drawing of the model construction 
process containing also the optimization results is a 
chart having all necessary properties to be called a 
knowledge map.

CONCLUSION

The practical example from agriculture proves the 
possibility of using mathematical model as a knowledge 
map. in the decision-making process, knowledge is 
based on the experience with a successfully solved 
problem and with a solution of model respectively. 
A really popular way to formalize knowledge and to 
offer the way for finding it is a knowledge map. Model, 
especially mathematical one, can be a general tool for 
knowledge searching, formalization and keeping. 

on the relevant application of the model – know-
ledge map creation process with agricultural topics, 
we demonstrated that: 
– Problem definition is achieved using a general mind 

map. Such a mind map is a descriptive knowledge 
map.

– System definition can be made using a general 
concept map, which is a descriptive map too.

– Mathematical model is formulated using a descrip-
tive or normative map. (it depends on the model 
type).

– Problem implementation describes a prescriptive 
map. 

– Management science model creation consists of 
analogous steps as a knowledge map creation, where 
relationships between the corresponding elements 
are as follows: 
– Variables are related to topics, ideas or con-

cepts,
– constraints and transformation are related to 

branches and finally
– Model evaluation is related to map evaluation.
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