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MODEL OF RESISTANCE DYNAMICS
IN THE CHANGE PROCESS

Zbigniew Wisniewski”

Abstract

Background. The article presents the findings of the study on change process dynamics.
It is assumed in the model that particular elements of organization help to form systems.
These systems, like all others, are subject to certain regularities: they generate output signals
based on the level and dynamics of input signals. Yet the system has static and dynamic
characteristics i.e. the type of function transforming input into output is the most important
feature of the system. Knowledge of the spystem’s characteristics and the course of input
signals gives a possibility to try and determine the value of output signals. Knowledge of
a specific system’s characteristics can enable not only the prediction of its behaviour but also
the application of a regulatory system, so that the output parameters maintain certain proper-
ties established in advance, regardless of the state of inputs.

Research aims. The aim of the conducted research was to identify the dynamic parameters
of objects which are subject to changes.

Method. Registering of the effects and reactions to the changes was performed for selected
(single-person) work stations and groups of workers. It involved observation of the progress
of normal organisation processes in a real socio-information-technical environment.

Key findings. As a result, an organization subsystem model was developed for the subsys-
tem which is undergoing changes. Knowledge of the dynamic parameters may allow for
better change processes' control and thus for higher efficiency. The Author proposes an
application of a specific approach to realization of the process of changes implementation on
the operational level of management, called DBMCI (Dynamic-Based Model of Changes
Implementation).

Reywords: Change management, Change dynamics, Change resistance

INTRODUCTION AND BACKGROUND

It can be observed that managers notice many different attitudes for re-
sistance towards changes, starting from psychological ones and ending
with technical ones (Austin, 1997; Carr, Hard & Trahant, 1998; Clarke 1997,
Grouard & Meston, 1997; Stickland, 1998). Not questioning the above find-
ings on the sources of problems that appear during implementation of
changes, it is worth looking at the process of reacting to stimuli, for exam-
ple the process of influencing a dynamic object with a specific structure:
(a) memory, (b) inertia, (c) delay, (d) information, (e) energy and (f) emo-
tional capacity. The foundations for this approach were laid by Mazur
(1966, 1976), who provided a cybernetic model of human character. Im-
plementation of changes can be considered a dynamic activity. It takes
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place at a specific time interval, in which effects of unexpected character
are triggered (which results from difficulties with accepting new, imposed
operating conditions). The effects are hard to predict and caused by the
dynamic character of organization elements. Dynamism means that reac-
tions to stimuli depend not only on the level of the stimuli but also on the
course of events up to that point and the effects caused by the stimuli.
A lot of managers do not realize that in the transition period, i.e. till the
moment of accepting and stabilizing the effects after the implementation of
changes, the static relation between a stimulus and its result, which they
used to know so far, does not occur. For example, the fact that an em-
ployee accepts the relation between the level of his/her salary and work
efficiency expected from him/her cannot be treated as a rule determining
the worker’s behaviour during change of expectations from him or of
payment conditions.

The aim of the research, the conclusions from which have been pre-
sented in the paper, was to identify dynamic properties characterizing the
entities undergoing changes. The results can facilitate development of
more efficient methods of changes implementation, based on knowledge
of types of expected reactions during the process of changes. The re-
search was carried out under a research grant financed by the Polish Min-
istry of Science and Higher Education.

METHOD

The efficiency of processes was defined as a capability of achieving objec-
tives with an assumed effectiveness, which in turn depends on the ap-
pearance of negative dynamic phenomena assisting the change. The phe-
nomena build up the original way of describing the mechanism of chang-
es, and they are defined in the following way:

1. Statism - failing to achieve the assumed target level of an objec-
tive after completing the change process;

2. Delay - delay in taking up an action towards change;

3. Resistance - drop in the level of effectiveness below the input val-
ue, right after initiating the changes (the rule of counteracting, the
will to maintain status quo);

4. Oscillations - fluctuations of the level of the achieved effect during
implementation of change and exceeding the level of the assumed
objective (with the following effect of realisation effectiveness low-
ering);

5. Inertia - slowing down of reactions to the stimuli.

Within the proper research a series of observations of changes pro-

cesses were performed, during which parameters of the studied phenom-
ena were registered, and an identification of dynamic properties was per-
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formed with the use of the process model. For describing the parameters
and characteristics of phenomena the Laplace transform and the opera-
tional transmittance were used.

Researches on changes management and the realization of innovation
processes indicate (Francik, 2003) that there exists a positive relation be-
tween a possibility of change process supervision and control, and its
success. As an experiment, gradual implementations were introduced for
a limited group which reduced the risk of failure. What followed, was that
in the case of an innovative solution, involvement of less funds and pro-
cess realization on a smaller scale had less significant consequences in the
case of failure than implementation with no previous checking of methods
or procedures. Moreover, there exists one more positive aspect of the
previous study into the implementation environment on the basis of an
experiment and its properties identification. Such that an activity is a prel-
ude, during which a manager has a possibility to observe reactions and
program means to be taken in the future for final implementation. Finally,
there is yet another benefit, the crew getting partially acquainted with the
intentions and resources to be taken, so the phenomenon of counteracting
is subject to self-extinction.

Identification Method and Research Sample

Identification consists of collecting and processing experimental data for
the purpose of complementing a mathematical model. The task of identifi-
cation is a very important stage, because the accuracy of the known pa-
rameters of the model is decisive on how accurately the phenomena tak-
ing place in the system are represented. Moreover, the model should be
universal to enable solving a wide range of problems appearing in the
system (Bielifiska, 1997).

The research was performed among fourteen organisations, including
production and service providing enterprises, as well as one financial
service organisation. They were foreign companies, joint ventures, and
companies with domestic capital.

Registering the effects and reactions to the changes was an important
part of the research. The registering was performed for selected (single-
person) work stations and groups of workers. It involved observation of
the course of normal organisation processes in a real socio-information-
technical environment.

The registration and evaluation of the progress of changes in process-
es is difficult, and it is not easy to assess the influence of particular actions
taken by managers in terms of effectiveness. The assessment of the results
was performed on the basis of (Maslyk-Musial, 2002):
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Changes in work productivity;
Changes in work effectiveness;
Financial data analyses;

oW D=

Quality indicators: (a) fraction of shortages, (b) process capability,
(c) OEE (Overall Equipment Effectiveness - an indicator that ena-
bles determining of the capacity of technological equipment), and
(d) RTY (Rolled Throughput Yield - probability that a single unit
of a product will undergo the whole technological process, free
from defects);

5. Logistic indicators;

6. Production indicators.

The application of measures and indicators based on the TQM concept
seems to be a good way to assess the successfulness of change, its rate
and radical character (Maslyk-Musial, 2003, p.147). According to Mikolaj-
czyk (2003) the use of “hard” economic measures can be limited to only
some results of changes. An analysis method and a quantitative assess-
ment of operation effects were performed in the proposed process. The
effects, such as measurements, were properly identified and combined
from the perspective of their priorities in a given implementation situation.

For the analysis of effectiveness and efficiency of changes realisation
the rules of the proceeding assessment were adapted (Mikolajczyk, 2003,
p.108):

1. Effectiveness and efficiency are estimated by comparing the re-
sults with the assumptions (objectives) made before the beginning
of the process of changes;

2. In the effects assessment the same tools are used for collecting in-
formation and balancing methods before, as well as during, im-
plementation.

During the process of analysing the progress of changes in a given en-
terprise the parameters were registered with the use of the method of
collecting quantitative data about the state of processes. In some cases the
methods were based on a system of automatic processes data collection
(especially in cases of production operations or other operations of
a transaction type using computer systems). The remaining cases required
registering certain parameters by the worker performing the job or a pro-
cess observer (Wisniewski, 2006, 2007).

Furthermore, for changes assessment the measurements for statistic
assessment of the level of processes quality were used. They derive from
the quality supervision systems and originate from the SPC method (Statis-
tical Process Control). The Sigma level of the process DPU, DPO, DPMO
and process capability indicators: C, C,, P, P, were used (Dietrich &
Schulze, 2000; Iwasiewicz, 1999).
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RESULTS

Results of Dynamic Properties Identification

In accordance with the assumed concept, identifications of the features of
subsystems of organisations were performed via analyses of the reaction
of a given subsystem to the implementations of changes (enforcing). In all
organisations taking part in the research the changes process was identi-
fied as a reaction to one of the types of standard stimulus. The observa-
tion of effects achieved by a given object was the basis for determining
dynamic parameters of the analysed object.

AnalX - objects identification

File to analyze Open csv file
Enforcing Object’s transmittance
@ Heavside k,= bys® + bys + b, o
. k2t ¥ nTH D 4 i
O Diac a,s’ +a,s’ +a;s+a,
O Linear tga= Transmittance 1
Method of identification (270 [lbt#0 [b0+0 [JT0+0
By [Ja370 [Ja270 [Ha10 ([Ja070
O Transmittance 2
[] GNA - Adaptive Gauss-Newton @ Owso Dbiso Bwso oo
[¥] LMA - Levenberg-Marquardt [Ja3z0 [Ja2z0 [v]a120 [v]a0#0
[J TRRN - Trust Region Reflective Newton
Transmittance 3.
L] GRAD — Gradient Search [Jb2:0 [@]b120 [b0#0 Ooso
#
[Ja370 [a270 [a170 [FJa070
O Automatic
Welght ncton Transmittance 4 5
b270 [Fb1z0 []b070
V11070
o i ¥ [Ja370 [a270 [alz0 [FJa070 *
Tune’ parameter 4.685
Calculate models
Chart
Frequency response Residuals Report
[V] Raw data
[7] Model 1. [¥] Model 1. [¥] Model 1. [ Transmitances
Model 2. Model 2. Model 2. [9] Functions f(t)
[] Model 3. [¥] Model 3. [] Model 3. s
[ Model 4. [ Model 4. [ Model 4.
[ showchert ] [ showcnart_| [ showchart | ([ Report
© Zbigniew Wisniewski

Figure 1. The View of the Main Panel from the Application for
Identification

Source: (Wisniewski, 2010).

The identification process was realised with the use of an application
written in Matlab (Figure 1). As a result of its usage the equations of ob-
jects in time function and operational transmittances were obtained.
Thanks to the above probable, dynamic models of each unit taking part in
change implementation were determined.

Usually, a wide class of the models that are possible to describe with
a transmittance are accepted for identification (Skoczowski, Osypiuk &
Pietrusewicz, 2006, p.47):
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Due to the character of reaction to the objects under enforcing, the
model has to be complemented with a possibility of oscillations occur-
rence and the resistance effect, i.e. counter reaction. As a consequence,
imaginary roots are included in the denominator and the polynomial of
a higher degree than m = 1 appears in the numerator.

The assumed calibrated model of an object to undergo identification
has the form:

b,s* +bs+b, e
a,s’ +a,s’ +as+a, (2)

G(s)=

AnalX application is used for analysing the data obtained from observ-
ing the changes implementation processes, consisting in inflicting specific
categories of stimuli on the observed objects. The application works upon
the rule of a dialog with an analyst, supporting him/her mainly in per-
forming complicated transformations and iterative algorithms.

Identification of objects under stimuli (implementation of changes) ena-
bled the establishment of a dynamic model universal for the analysed
categories of object. Its universal character results from the fact that oper-
ational transmittances obtained for all the objects can be brought down to
a total transmittance having the following properties: (a) first order poly-
nomial appears in the numerator, while the polynomial coefficient b, < 0
(further on referred to as T3), (b) second order polynomial of real or imag-
inary roots appears mostly in the denominator, and (c) absolute term re-
sponsible for delay appears.

Now the total transmittance of the model has the form:

Tis+1

G(s)=kl ——"——
(<) [Tozs2+2§’T0s+1

e j = kF(s)e”"™ (3)

In cases where overload and oscillations with meaningful resistance
did not appear, mutually equivalent, different models with identically good
adjustment to empirical data were obtained. The competitive models are
the following:

’en 1
G(S)_k(T'2s2+2§T’s+1J @)

.o 1 . (5)
G(S)_k[T"s+le j
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In the transmittance the denominator (4) contains real roots. The dif-
ference between both transmittances consists in the fact that the second-
order inertia element (4) can be substituted by the first-order inertia ele-
ment with a delay element (5). Due to analytical reasons, it has no bearing
which of the models is taken into consideration for the synthesis of sys-
tems. Model (4) appears to be more universal, because it is possible to
model more configurations of objects with its use under the condition that
the appearance of imaginary root is acceptable. Nevertheless, it is a ne-
cessity in case of oscillation. On the other hand, it is postulated that the
form of the models is brought to the lowest possible degree of denomina-
tor polynomial and replacing higher order inertia by delays (Halawa, 2007;
Skoczowski et al., 2006, p.230).

Eliminating inertia for the benefit of simplifying the analytical form is
still a redundant action, because it is always better to use a general model,
which gives a possibility of identifying a wider range of cases. Limitation
and excessive simplification of the model can lead to a reduction of the
research resolution and a failure to notice singular cases (e.g. with oscilla-
tions). Anyhow the cases with resistance and oscillations are so clear that
it is impossible to resign from the most universal model. It was decided
that the general form be used (3) in which the delay element is implicated
permanently. In such a case there will be no need to differentiate cases
due to the model class at the identification stage. If it turns out that after
calculating the model parameters they are characteristic for any of the
simple elements, the ready transmittance equation can always be simpli-
fied. Yet it should not be done at the stage of model preparation.

The model of substitute transmittance (3) can be presented in the form
of a block diagram (Figure 2).

I S e B =

Enforcing Delay Gain Analysis

Figure 2. A block Diagram of the Object Under the Implementation of
Changes

Source: (Wisniewski, 2010).

The element in transmittance F{s) has been separated in order to show
a possibility of applying alternative versions of models: with a delay or
without it but with an additional inertia. Another unique feature of this
class of objects is the fact that in practice a sound signal is additionally
limited as far as the upper and lower values are concerned, which results
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from the conditions of real objects functioning so that they define mini-
mum and maximum levels of reaction (effectiveness).

In order to better understand the dependencies occurring in real ob-
jects and the relations between the identified parameters and the structure
of relations inside an object, it is worth considering the inner structure of
the element and transmittance F{s) The fact is that the existence of a non-
zero coefficient 7} indicates the existence of a differential element inside
the object structure, negatively coupled with the rest of the elements.
A practical consequence of this state is the appearance of the phenomenon
of resistance. Resistance appears as counteracting an inflicted enforcing.
The phenomenon was broadly described in the literature dealing with
management and changes management (Baugier & Vuillod, 1993; Cameron
& Quinn, 2003; Carr et al., 1998; Clarke, 1997; Czerska, 1997; Doniecki,
2004; Grouard & Meston, 1997; Maslyk-Musial, 1996; Maslyk-Musial, 2003;
Mikolajczyk, 2003; Zarebska, 2002), and will not be discussed here as far
as the sources and the rules of eliminating it from the sociological ap-
proach are concerned. Whereas it is interesting to have a look at the
source of resistance in a system approach, particularly the structure of
relations inside of the object counteracting in response to an enforcing
stimulus. In order to answer the question on what the resistance depends
on and how it is stimulated, a functional model based on the obtained
operator transmittance has to be built. The research proved that the coef-
ficient of the polynomial of numerator 7; is usually lower than zero and
responds to the situation when the object manifests symptoms of re-
sistance in the beginning of change implementation. The negative value of
this parameter actually means a counteracting of the main trend of being
decisive about the response to a stimulus. The main trend of the object
manifests itself leaning towards the change, hence it is logical that the
resistance has a tendency to counteract. As a block scheme the situation
will be represented by the existence of a summative knot (Figure 3).

Resistance

Hisi

3

J_ — O&’j His)

Enforeing Delay Gain Saturation
gateway

Analyzer

Figure 3. A Diagram of a System with a Separate Resistance Track
Source: (Wisniewski, 2010).
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The appearance of this nonzero numerator component in the polyno-
mial proves the existence of a derivative action effect, i.e. the immediate
reaction of element. The value of the reaction signal is directly propor-
tional to the rate of the input changes. Moreover, the existence of compo-
nent 7} in the transmittance numerator indicates that the object functions
on the basis of the sum of components with the common denominator:

_ Tis+1 _ T,s N 1
Tls> +2{Tys+1  T7s>+2({T,s+1 T)s*+2{T,s+1

G(s)

G(s)=T,sH(s)+H(s) (7)

The structure of a system with enumerated properties can be present-
ed in the form of a block diagram.

In order to simplify the structure, the double appearance of the ele-
ment H(s) should be replaced. It is also logical in relation to practical real-
ization of the system: a given element with a specific characteristic ap-
pears there only once. The set of properties described by the transmit-
tance H(s) is responsible for the system inertia. A transformed version of
the diagram is presented in Figure 4.

Resistance

[ -

B A i

Enforcening Delay Gain Saturation
gateway

Analyzer

Figure 4. A Simplified Diagram of a System with a Separate Resistance
track

Source: (Wisniewski, 2010).

For this diagram, the course of the output signal in time function is
presented in Figure 5. This is a characteristic generated for the delay 7, =
10 time units (jc), 7, = I14.1jc, { = 7.1, T; = -0.8jc, k = 1.
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Figure 5. The Course of Response to a Stimulus with Resistance and
Overload
the abscissa axis in the scale of conventional time units “jc”; the ordinate determines the

effect amplitude: 1 is the targeted effect

Source: (Wisniewski, 2010).

The notation proposed in the formula (3) can be presented in the root
form, as long as the polynomial of denominator contains real roots.

Ts+1 e

G(s)=k| ——2>"~
(Tis+D)(Tys+1) (8)

This type of recording is easy to interpret, because time constants,
having direct relations to the real object, are given in an explicit way.

Establishing relations between dynamic parameters attained during
identification and other parameters describing the model of changes im-
plementation in specific conditions is subject to further analyses. The aim
of the considerations is to determine possible correlations and the poten-
tial influence of some parameters characterizing the changes implementa-
tion environment and the features of the change itself on dynamic proper-
ties of an object participating in the change realization process.

DISCUSSION AND CONCLUSIONS

The research enabled the determining of the dynamic structure of an ob-
ject under implementation of changes. The structure reflects the character
of basic phenomena hampering the achievement of the best results in the
processes of changes. Moreover, the research enabled us to find out the
existence of premises for stating that human behaviour, when facing
a change, proves its similarity to dynamic properties of the objects of con-
trol, such as: strengthening, counteraction, oscillation (overload), delay and
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inertia. People and groups have dynamic features, which can be identified
via the observation of an experiment with stimulus in the form of
a change. Dynamic features are not constant, they evolve, and in some
rare cases they undergo abrupt changes. On the basis of identification
methods, dynamic parameters of objects and the environment can be giv-
en. In the cycle of changes implementation it is worth using the known
properties to determine the structure of the subsystem for improvement of
change implementation effectiveness. The effectiveness of the functioning
subsystem, when applying influence consciously on the organization sub-
systems, can be accordingly increased. For this purpose, algorithms of
changes implementation control should be used based on the known ef-
fects and dynamic properties of the organization.
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MODEL DYNAMIKI OPORU W PROCESIE ZMIAN

Abstrakt

Tlo badan. Artykul przedstawia wnioski z analizy dynamiki procesu zmian. Autor proponu-
je zastosowanie specyficznego podejécia do realizacji proceséw wdrazania zmian na poziomie
operacyjnym zarzadzania, nazwanego DBMCI (Dynamic-Based Model of Changes Implemen-
tation). Przyjmuje sie w nim, ze poszczegélne skladniki organizacji tworza systemy. Systemy
te, jak kazde inne, podlegaja pewnym prawidlowosciom: generuja sygnaly wyjSciowe
w oparciu o poziomy i dynamike sygnaléw wejsciowych. Najistotniejsza jednak cecha systemu
jest jego charakterystyka statyczna i dynamiczna, czyli rodzaj funkcji przeksztalcajacej wejécie
w wyjécie. Znajac charakterystyke systemu i przebieg sygnaléw wejsciowych mozna prébo-
waé okreslic warto$¢ sygnaléw wyjsciowych. Znajomo$é¢ charakterystyki danego systemu
moze umozliwi¢ nie tylko przewidywanie jego zachowan, ale réwniez umozliwi¢ zastosowa-
nie ukladu regulacji, by parametry wyjSciowe zachowywaly pewne ustalone z géry wlasci-
woéci, bez wzgledu na stan wejs¢.

Cele badan. Celem prezentowanych badan jest identyfikacja parametréw dynamicznych
obiektéw poddawanych zmianom.

Metodyka. Rejestracji efektow i reakcji na wymuszenia zmian dokonano dla wybranych
stanowisk (jednoosobowych) oraz grup pracownikéw. Rejestracja polegala na obserwacji
przebiegu normalnych proceséw organizacyjnych w rzeczywistym Srodowisku spoleczno-
techniczno-informacyjnym.

Rluczowe wnioski. Efektem badan bylo stworzenie modelu podsystemu organizacji pod-
danego zmianom. Znajomo$¢ parametréw dynamicznych moze pozwoli¢ lepiej sterowaé
procesami zmian i uzyskiwa¢ ich lepsza efektywnoécia.

Slowa kluczowe: zarzadzanie zmiang, dynamika zmian, opér przed zmianami



