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Introduction
Management by results and quality development has been adopted into the Finnish Police Force since the 1990's as
tools for developing the organization. Quality work consists largely of improving professional competence of the staff.
The police force seen as a service organization depends more on the professional skills than on the equipment.
Improving knowledge and professional skills requires purposeful development activities from the management of the
organization, and the atmosphere needs to be open for development. The prerequisites for improving professional
competence and organizational learning are related to individual growth potential and the collective developmental
prerequisites of the organization.

In this study we examine factors contributing organizational learning in police units. The research was carried out in
five police department in western Finland. The research units were implementing quality improvement program in
different stages. Knowledge was needed about the development prerequisites of the organization units and about the
efficient strategies for implementing activities that facilitate organizational learning. We applied both traditional linear
and Bayesian non-linear (Myllymaki, Silander, Tirri & Uronen, 2002) statistical modeling techniques in this study to
answer the research questions.

Objectives
The objectives of the research work were (1) to study the factors affecting organizational learning, (2) find strategies to
improve the prerequisites of learning and (3) to compare linear and non-linear statistical methods in the process of
modeling organizational learning prerequisites. The research questions were defined, as follows:

What kind of actions and strategies are available for organization management to improve organizational learning
processes?

What are the communal prerequisites for organizational learning?

What kind of relation exists between factors affecting learning?

What are the practical benefits of non-linear statistical methods based on Bayesian computation for the modeling of
organizational learning prerequisites?

Theoretical framework
The basis of organizational learning is often seen to be in individual learning. An organization can create and facilitate
prerequisites for the learning of its members and that in turn will improve the competence of the organization. The
approach emphasizing individual learning is based on the theory of Argyris and Schein (1978). However, organizational
learning should not be seen solely as the sum of individual learning. Cook and Yanow (1996) argue that the change of
collective meaning structures is based on cultural processes.

An organization can be considered as the subject of learning the learning of which imitates individual cognition. The
organization receives information from its environment, interprets it, and stores it in collective memory (Cohen &
Bacdayan, 1996). Organizational cognition has also been considered as an inadequate starting point and even a
misleading metaphor. According to this viewpoint organizational learning mechanisms are completely different from
the mechanisms of individual learning. Organizational operations models, routines, and patterns of thought are formed,
stored, and altered in human interaction. Organizational learning is comparable with the formation and changing of
cultures. (Cook & Yanow, 1996.)

Organizational learning is based on individual and collective meaning structures as its members have shared meaning
structures. Dixon (1994) refers to private, accessible, and collective meaning structures. In this article we will be using
the concept of collective or intersubjective meaning structure in its broadest sense to describe both explicit and tacit
meanings shared by the members of an organization or group. Meaning structures can apply to knowledge, skills,
operations models, or be organizational routines in nature. Values, norms, and beliefs, on which organizational culture
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is based, are also collective meaning structures in nature. Organizational learning consists of the formation and
changing of these intersubjective meaning structures (Cook & Yanow 1996, 449).

Organizational learning always includes individual learning that is the basis for all learning. Organizational learning, in
the strict sense of the word, however, takes place in human interaction. According to Argyris & Schon (1978) double-
loop learning is a learning process that places organizational patterns of thought, beliefs, norms, and values as the focus
of discussion and change. The changing of the patterns of thought requires dialogue between the members of the
organization. Defensive routines can obstruct starting the dialogue leading to changes in the ways of thinking and thus,
hinder double-loop learning. Interaction seldom comprises the whole organization but takes place in a group working
together. Group level can be referred to as learning community or community of practice (Lave & Wenger, 1991).
Thus, organizational learning can be studied on at least three different levels: individual learning, learning of a group,
and learning of an organization as a whole.

Organizational knowledge and skills are partly in an explicit and partly in a tacit form (Polanyi, 1967). The transference
of knowledge takes place between these forms of information. The different forms of information transfer are, as
follows: 1) socialization (information is transferred from tacit to tacit), 2) externalization (from tacit to explicit), 3)
combination (from explicit to explicit), and 4) internalization (from explicit to tacit) (Nonaka & Takeuchi, 1995).

In addition to individual memories and actual stores of knowledge information is stored in organizational culture,
transformations, structures, and physical environment (ecology) (Walsh & Ungson, 1997). Meaning structures, formed
during operation and interaction, are stored or sedimented in organizational routines, language, practice, culture, and
identity (Tuomi 1999, 299). Organizational stores of knowledge on the level of community of practice include, among
others, praxis, tools, stories, metaphors, and systems of concepts, and on the level of the organization as a whole
culture, customs, language, and institutions (Tuomi 1999, 351).

The prerequisites of organizational learning consist of learning supportive culture, structures, organizational policies,
and resources (Leithwood et al., 1999, 182-188). Leithwood examines the prerequisites of organizational learning in
eight dimensions: (1) identifying and articulating a vision, (2) fostering the acceptance of group goals, (3) conveying
high performance expectations, (4) providing appropriate models, (5) providing individualized support, (6) providing
intellectual stimulation, (7) building a productive school culture, and (8) building structures that enhance participation
in decisions.

On the group level it is important to master group processes in order to ensure functional group reflection. This requires
interaction-based problem solving during which all the members' ideas are processed and healthy discussion facilitates
decision-making based on well-researched alternatives (Leithwood et al. 1999, 174-179).

Factors contributing to growth-oriented atmosphere (Ruohotie, Nokelainen & Tirri, 2002) have been divided into four
dimensions: (1) support and rewards from the management, (2) the incentive value of the job itself, (3) the operational
capacity of the team, and (4) work related stress. Each dimension can be divided into smaller factors as follows:

Management and leaders face such challenges as how to develop and reward learning, how to empower people, how
to support development of professional identity, create careers based on interaction, set coals for learning and how
to plan development, evaluate learning and its development and how to create commitment to the job and the
organization.

The incentive value or the developing nature of the job consists of developmental challenges, the employees'
chances to influence, opportunities to collaborative learning and dignity of the job.

The operational capacity of a team or a group can be defined by its members' capability to operate and learn
together, by the work group cooperation and by the reputation for effectiveness.

Work related stress as an obstacle for growth becomes apparent from role ambiguity and conflicts, too heavy mental
load or demand for continuous alterations.

Figure 1 presents the theoretical concepts of growth-oriented atmosphere (Ruohotie, 2000).
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Figure 1. Theoretical concepts of growth-oriented atmosphere (Ruohotie, 2000).
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Data
The data was collected from the staff of five police departments (N=281, 74.9 % of total population) in western Finland.
Forty-two percent of the respondents worked as patrolmen, 24 % as investigating officers and 34 % were in charge of
other duties, such as administration and office work.

The respondents' views about organizational learning were measured with 88-item self-rated paper and pen
questionnaire. Response scale varied from 1 (strongly disagree) to 5 (strongly agree). The questions dealt with
management methods, development of competence, work content, teamwork, factors relating to personal motivation,
and quality. The focus of this paper is on the analysis of organizational learning prerequisites.

Method
The questionnaire material was analyzed statistically by using both exploratory factor analysis and Bayesian
dependency network modeling (Myllymaki et al., 2002). Bayesian approach allows researcher to build graphical
network model illustrating the statistical causalities between variables, and classification model to infer the class of
unclassified data. Principal component analysis and Oblimin rotation were used as methods for the factor analysis. The
analysis started with 88 variables producing solution of 13 factors. Twenty variables were omitted from further analysis
due to low communality or correlation (for technical details, see Ruohotie & Nokelainen, 2000, 164-169). The
remaining 68 variables formed a distinct factorial structure illustrating the dimensions of organizational learning
prerequisites.

Bayesian methods have two major benefits in this study over traditional statistic techniques. The first benefit is the
ability to analyze almost any kind of data: there is no 'invalid' or 'incomplete' data for Bayesian modeling when at least
two cases exist. The second benefit is that Bayesian probability theory allows us to produce naïve causal relationships
between variables. Comparing pretensions issued on data between Bayesian and traditional techniques is easy due to
fact that former has very few, but latter has more than enough. When testing if data is applicable for traditional
techniques we must be very careful; for example many traditional multivariate techniques are dependent on Pearson
product moment correlation that requires linear relationship between variables.
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Results

Principal component analysis

The principal component analysis resulted a 13-component solution with 68% total variance explained (see Appendix
for component loadings and correlation matrix). Factors were organized, according to theoretical framework, into five
organizational learning prerequisites (Table 1).

Table 1. Prerequisites for organizational learning
Prerequisites Factors
Dl. Management style 1. Management supporting the group

2. Management sharing responsibility
D2. Development of know-how

D3. Work content

3. Systematic development of competence
4. Rewarding for competence
5. Organization of interaction
6. The developing aspects and comprehensiveness of work
7. Opportunities for learning through work
8. The reflective nature of work

D4. Teamwork 9. Team spirit
10. Ability to co-operate
11. Motivation to develop

D5. Motivational factors 12. Commitment to work and workplace community
13. Growth motivation

4

Management style area consists of two factors: management supporting the group and management sharing
responsibility when making decisions.

Development of know-how area is comprised of systematic actions in training and allocation of resources for learning,
rewarding practices for competence, and "organizing interaction" factor that includes organizing duties and cooperation.

On work content area the extent and challenge of work and opportunity to influence constituted the "developing aspects
and comprehensiveness of work" factor. Names of the "opportunities for learning through work" and "reflective nature
of work" illustrate the contents of the factors.

Teamwork is characterized by team spirit including common goal-orientation, an ability to cooperate, and a team's
motivation to develop its functioning.

Commitment and motivation to develop were measured as personal motivational factors.

Bayesian dependence modeling

The second stage of the analysis was to build a Bayesian network (see Heckerman, Geiger & Chickering, 1995) out of
68-item solution measuring organizational learning prerequisites. The rationale for this procedure is to examine
dependencies between variables by both their visual representation and probability ratio of each dependency.

A Bayesian network is a representation of a probability distribution over a set of random variables, consisting of a
directed acyclic graph (DAG), where the nodes correspond to domain variables, and the arcs define a set of
independence assumptions which allow the joint probability distribution for a data vector to be factorized as a product
of simple conditional probabilities. Graphical visualization of Bayesian network contains two components: (1) observed
variables visualized as ellipses and (2) dependences visualized as lines between nodes. Solid lines indicate direct causal
relations and dashed lines indicate dependency where it is not sure if there is a direct causal influence or latent cause.
Variable is considered as independent of all other variables if there is no line attached to it. We have proved in our
earlier research work that Bayesian networks are useful for explorative analysis of causal structures between observed
variables (Ruohotie & Nokelainen, 2000; Nokelainen et al., 2001).

Next we compare the extracted Bayesian network and thirteen-component solution previously discovered by the
principal component analysis. We evaluated 512 367 networks and competed them to find the best model. The result is
presented in Figure 1 completed with boundaries marked with labels (ranging from 1 to 13) as indicators for factor
membership gained from PCA previously (see Table 1).

5



Paper presented at AERA 2003, Chicago, DIV I (Education in the Professions) 5

Figure 1. Bayesian network. Boundaries and labels represent factors produced by the principal component analysis.

We learn from Figure 1 that only two variables, "17. Our employees are free to search for information they need during
working hours" and "18. In our workplace community one is not afraid of making mistakes but learns from them", were
not related to other variables in the Bayesian network. Only three factors in Bayesian solution deviated from the factor
analysis, namely "4. Rewarding for competence", "5. Organization of interaction", and "6. The developing aspects and
comprehensiveness of work".

Bayesian network is a useful visual tool to support and supplement interpretation of a factor analysis. In this case we
conclude that there is a viable factorial solution with less factors, i.e. the number of factors could be reduced from eight
to ten. This result is in balance with findings of the PCA and supports the use of linear statistical analysis methods for
this particular data set.

Next stage of the analysis is to compare the sub-structures of the dimensions found by PCA and Bayesian analysis. The
latter is often called as Naive Bayes, because it "naively" assumes independent relationships between variables (Witten
& Frank, 2000). In Table 2 we compare the original 13-component structure with the five dimensional Bayesian
solution derived from the structure presented in Figure 1. Result is that the PCA and Bayesian network solution differ
from each other quite clearly if compared by the number of dimensions.
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Table 2. The results of principal component analysis and Bayesian dependency modeling.

DIMENSION SELECTED VARIABLES
PCA (Variables ordered by factorial loadings) B-Course (Variable structure ordered by naive
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Finally, we investigate the second dimension, "Development of know-how", to interpret relationships between variables
(see Table 2 for the picture of variable cluster). Operationalization is done with the following propositions: (OS2_1)
"Our organization arranges further training for the staff to improve their professional competence", (OS5_1) "Our
organization arranges in-house training regularly", (0S6_1) "Our staffs competence is developed according to a
specific plan", (OS3_1) "This unit shows an active interest in the professional development of the staff', (0S4_1) "We
have an access to the newest professional literature and information in the field', (0S9_1) "The year plan of our unit
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includes objectives for the development of competence", (0S10_1) "Improvement in my competence is assessed
regularly", and (0S7_1) "I have been given clear objectives for the development of professional competence".
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Figure 2. Dimension "Development of know-how" in (a) initialized mode, (b)"Our organization arranges in-house
training regularly" variable fixed to negative and (c) positive value.

Figure 2 represents variable cluster "Development of know-how" in (a) initialized mode and variable (055_I) fixed to
values (0 "Our organization arranges in-house training regularly" and (() "Our organization does not arrange in- (b)
house training regularly". We see that the change in the fixed variable has the most dramatic effect on variables
(0S6_1) "Our staffs competence is developed according to a specific plan", (0S2_1) "Our organization arranges
further trainingfor the staff to improve their professional competence", and (0S9_1) "The year plan of our unit
includes objectives for the development of competence". Other four variables in that cluster are not intensively affected
because there is no direct relationship to the fixed variable.

Conclusions

The results of this study give information about prerequisites of organizational learning. The respondents represent
different types of on-the-job learners with their own interests. The empirical results show some of these preferences that
can be applied in developing organizational learning strategies.

On the basis of this study one is able to discover a number of ways for the management to generate and facilitate
organizational learning. We can distinguish two different viewpoints: the prerequisites of learning and the activities by
which the management can purposeful promote learning. The findings and modeling of the learning prerequisites create
the basis for uncovering means and measures for development activities. These features can be named as organizational
learning strategies. The strategies were divided into four main groups as follows:

A. Identification of the goals

The identification and clear articulation of visions, goals, and objectives form a basis for organizational learning
prerequisites. It is perhaps the most important responsibility of the management. Many theorists in the field of
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organizational learning emphasize the importance of common meaning structures. Senge (1990) presents "shared
vision" as one of the five "disciplines" of learning organization. Through commonly accepted goals the management is
able to create visions in interaction and build shared meaning structures. Shared values can support continuing
development, learning, and high performance expectations. (Leithwood et al., 1999.) In this study the significance of
creating common vision was not, however, studied empirically.

B. Developing culture and atmosphere

The research pointed out the importance of the management climate and the operational capacity of the team. For the
aim of creating and changing collective meaning structures the management has a variety of means to improve group
interaction: to develop group or team structure, to encourage interactive processes, and to share responsibility. The
Bayesian network confirmed the relationships between management dimensions, group interaction and motivational
factors. Organizational learning takes place where interactive practices and development motivation intersect. We can
outline two strategies for the management in developing organizational atmosphere: (1) Supporting team interaction by
constructing team structures, interaction-based processes, management methods, and culture that makes reflection,
dialogue, and developing operations models as a part of everyday life. (2) Sharing power of decision. Participation in
decision-making and decentralization of responsibility are central characteristics of this strategy. An improvement in
commitment and empowerment requires changing structures as enabling participation. Realization of empowerment
requires possibilities to influence in decision-making and power to plan and determine one's own workflow.

C. Educational strategies

Systematic development of competence means providing resources for individual learning, spreading best practices, and
efficiently communicating explicit and tacit information between individuals and groups. In the development of
educational strategies one needs to pay attention to the storing of organizational knowledge on various levels in both
official stores of knowledge and cultural practices. From the point of view of efficient organizational learning some
crucial perceptions need to be given consideration to: (1) Individual learning alone is not enough but collective meaning
structures, beliefs, norms and values must be touched. (2) The context of the work must be taken into account so that
the training has effects on work-related skills and operations models. (3) Organizational learning is not only mediating
information from teacher to learners but active construction and change of collective meaning structures. (4) A training
program, if effective, has a permanent impact on peoples' interaction practices.

D. Feedback practices

Modeling organizational learning prerequisites confirmed the importance of feedback and rewarding. In developing
feedback practices an eye needs to be kept on four main features: (1) Measuring of the results and a feedback system
should be part of the formation of visions and definition of goals. (2) Feedback and rewarding for competence and
development require an active follow-up system of results. (3) Management method should incorporate feedback and
rewarding practices and (4) the organization culture should develop into supportive for the practice of rewarding.

Importance of the study
The results of the study have both theoretical and practical value showing that both traditional factor and Bayesian
analysis can guide the theory building in this domain. Bayesian networks provide new possibilities for educational
researcher to confirm theoretical models and - in addition to traditional factor analysis allow him/her to generate and
test theoretical scenarios with different data sets.

The results give information about prerequisites of organizational learning and about relationships between different
factors. The connections between management style, development activities, and reflective practices of the group were
confirmed. Formation of the picture on main areas of learning prerequisites became more structured.

Outlining the learning strategies gives possibilities for the managers to promote organizational learning in a
comprehensive and practical way. The strategies are based on both empirical research and theoretical analysis about the
factors contributing to learning.

Albeit the research was accomplished in police organization, the results can be applied to various types of
organizations. The respondents represent different types of on-the-job learners with their own interests. The empirical
results show some of these preferences that can be applied in developing organizations. The foremost application takes
place in development of the quality of police organization in Finland but the design of the study was not bound to a
particular context.
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Appendix
The questionnaire ordered by thirteen-component solution (PCA, Oblimin with Kaiser Normalization)

Factor 1: Management supporting the group

JO 6 My superior asks the members of the work group for their opinions and ideas. .756

JO 7 My superior calls up the members of the work group, presents the problems to be solved, and works together with the
group to find a solution.

.744

JO 8 My superior presents the needs, goals, and ideas of the work group to his/her superior. .704

JO 5 My superior responds to my suggestions and wishes. .561

JO 10 Changes in work arrangements are always based on common discussion. .545

JO 12 Employees are encouraged to participate in operational planning. .535

JO 3 My superior is friendly and easily approachable. .498

JO 1 In this unit superiors are interested in the wellbeing and general contentment of the staff. .474

JO 2 We try to improve the working conditions in this unit. .467

JO 11 We strive to meet our goals because we have defined them together. .466

JO 9 I have defined the goals for my work together with my superior. .406

Factor 2: Management sharing responsibility

JO 14 My superior has confidence in his/her subordinates and allows them to work independently. .652

JO 4 My superior shares responsibility with his/her subordinates. .596

JO 17 Our employees are free to search for information they need during working hours. .586

JO 18 In our workplace community one is not afraid of making mistakes but learns from them. .476

JO 16 We have an opportunity to apply our ideas in practice. .418

Factor 3: Systematic development of know-how

OS 2 Our organization arranges further training for the staff to improve their professional competence. .820

OS 5 Our organization arranges in-house training regularly. .813

OS 6 Our staff's know-how is developed according to a specific plan. .774

OS 3 This unit shows an active interest in the professional development of the staff .612

OS 4 We have an access to the newest professional literature and information in the field. .564

OS 9 The year plan of our unit includes objectives for the development of know-how. .552

Factor 4: Rewarding for competence

OS 12 Our organization rewards the staff for professional competence and know-how. .833

OS 11 My career prospects depend on the development of my competence. .788

OS 13 The members of the staff are given more responsibility as their competence improves. .726

OS 15 One gets rewarded for performing demanding tasks well in my workplace community. .575

OS 10 Improvement in my comnetenee is ascF,..fi regularly. .571

OS 7 I have been given clear objectives for the development of professional competence. .426

Factor 5: Organization of interaction

OS 23 It is better not to question established practice in my unit. -.581

OS 19 The duties are well organized at my workplace. -.541

OS 20 Our organization values co-operation between employees. -.446

Factor 6: The developing aspects and comprehensiveness of work

TY 2 I am given responsibility for whole entities of work (i.e. to complete tasks from beginning to end). .875

TY 1 I am free to work independently (e.g. to draw up work schedules, choose appropriate working methods, and set
objectives for the work).

.853

TY 3 I am able to fully apply my know-how at work. .598

TY 8 I am able to influence the decisions related to my work or work environment .413
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Factor 7: Opportunities for learning through work

TY 4 My work contains variable tasks. -.533

OS 17 My work provides me with opportunities to learn new things and improve myself. -.503

OS 16 I am able to apply my knowledge and skills at work. -.489

Factor 8: The reflective nature of work

TY 13 We solve work-related problems together through common discussion. .769

TY 14 We counsel and guide other employees with work tasks. .752

OS 22 In my unit it is natural to ask help from your colleagues. .677

TY 11 I am able to exchange work-related experiences and opinions with other employees. .580

TY 12 We are used to assessing and analyzing our work performances together as a way of learning. .521

Factor 9: Team spirit

RY 2 My work group feels responsible for meeting the set objectives. -.749

RY 1 Members of my work group emphasize the common goals of the group. -.713

RY 3 Members of my work group maintain high performance expectations. -.692

RY 4 My work group has a strong team spirit and will to work together for common goals. -.641

RY 6 My work group makes good decisions and solves work-related problems. -.453

RY 13 Members of my work group want to develop the quality of operations. -.444

Factor 10: Ability to co-operate

RY 7 I have voice and influence on what goes on in my work group. -.587

RY 8 Members of my work group want to listen to my problems. -.557

RY 9 Members of my work group help me when needed. -.472

Factor 11: Motivation to develop

RY 14 Members of my work group make suggestions for in-house training. .777

RY 12 Members of my work group bring up new ideas for solving work-related problems. .496

RY 15 Developing our operations is a continuous challenge for our work group. .487

Factor 12: Commitment to work and workplace community

MO 9 I want to do my work; I find it fulfilling. -.734

MO 12 I do not want to change my job. -.656

MO 8 I enjoy my present job. -.649

MO 13 I find organizational goals important so I take an interest in them. -.543

TY 6 I get satisfaction from my work. -.469

TY 19 I feel that my work is valued. -.447

Factor 13: Motivation to grow

MO 4 I am interested in further training in case it improves my chances of getting transferred to new challenging tasks. .842

MO 3 I enjoy participating in variotis development programs in my workplaix wmmumty (such as training, various work
groups and projects, exchanging tasks, performing additional tasks, etc.).

.800

MO 6 I enjoy applying new ideas in practice. .716

MO 7 I take an active interest in the development of my field. .695

MO I Receiving more responsibility encourages me. .690

MO 5 I have plenty of ideas for development that the organization could utilize in its operations. .678

MO 2 I find self-improvement beneficial. .584
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The component correlation matrix

Component 1 2 3 4 5 6 7 8 9 10 11 12 13

1

2

3

4

5

6

7

8

9

10

11

12

13

1,00

0,11

-0,25

0,21

0,32

0,36

0,19

-0,18

0,02

-0,03

0,10

0,30

-0,20

1,00

-0,22

0,14

0,16

0,11

0,14

-0,25

-0,08

-0,12

0,18

0,15

-0,05

1,00

-0,24

-0,23

-0,18

-0,36

0,31

0,10

0,17

-0,25

-0,19

0,16

1,00

0,19

0,24

0,14

-0,25

-0,11

-0,11

0,11

0,30

-0,13

1,00

0,34

0,24

-0,23

-0,02

-0,01

0,13

0,20

-0,22

1,00

0,25

-0,13

-0,05

-0,05

0,18

0,29

-0,14

1,00

-0,22

-0,09

-0,16

0,18

0,23

-0,22

1,00

0,14

0,07

-0,17

-0,22

0,18

1,00

0,08

0,04

-0,12

0,02

1,00

-0,12,

-0,13

0,06

1,00

0,11

-0,07

1,00

-0,18 1,00
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