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Abstract: It is commonly recognized that knowledge is the only source  of  core  competence  in  the
knowledge-based companies, but productivity rate of knowledge worker is always Low. This study seeks to
identify factors influence on the productivity. In addition, it presents knowledge workers clusters and
measuring productivity of knowledge workers in any clusters. Finally, it describes strategies that influence on
knowledge workers productivity in any clusters. It is hoped that this paper will help managers to implement
different corresponding measures. A case study is presented where this model measure at the Lead & zinc
company (Zanjan, Iran).
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INTRODUCTION to the office or during the morning walk or evening walk

The world economy has progressed from an Knowledge Worker his contribution cannot be ensured.
industrial  economy  to  a   knowledge   economy  [1]. Only when the outcome of thinking comes out, the
With knowledge being viewed as a major contributing contribution of knowledge worker can be seen [4].
factor to organisational success, the purveyors of this No doubt, productivity process of knowledge
knowledge in organisations deserve to be focused on. workers is an outcome of the interaction and combination
Drucker (1974) first used the term “knowledge worker”; he of different factors. Productivity of knowledge workers is
described these individuals as employees who carry not just an abstract category and it must necessarily be
knowledge as a powerful resource which they, rather than applicable. The management of the organization will play
the organisation, own. Drucker (1989: 175) states an important role in providing the suitable ground for
“knowledge workers know that their knowledge gives institutionalizing and promoting of it and participation of
them freedom to move since everyone’s knowledge has a knowledge workers is also of high importance from this
multitude of applications in the information or knowledge viewpoint [5, 6].
age” [2, 3]. Knowledge workers are obviously non-manual

Nowadays, improving the productivity of knowledge workers and are usually employed by organizational
workers is one of the major challenges for the business managers to carry out innovative activities. A Knowledge
world. Unlike the blue-collar employees who contribute Worker is anyone who works for a living at the tasks of
through their muscle power, knowledge workers developing or using knowledge [5, 7]. Managers that aim
contribute  through thinking. The contribution of the to continually improvement in the organization, they
blue-collar employees can be monitored by monitoring his should be considering factors of knowledge workers as a
presence at the work spot and also by observing that part of the management process [8, 9]. Therefore, A
whether he is operating the machine or not, whereas the scientific method is needed to classify of knowledge
contribution of Knowledge Worker cannot  be  monitored. workers in organizations. In addition, it is needed to
It is impossible to observe whether the individual is measuring productivity of knowledge workers in any
thinking or not. For thinking there is no boundary; the clusters. Finally, it describes strategies that influence on
employee may think at work spot, residence, on the way knowledge workers productivity in any clusters.

or any other time. So by monitoring the presence of
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Table 1: knowledge management process
Process Factors
Knowledge identification KWPid

Knowledge creation KWPcr

Knowledge capturing KWPca

Knowledge application KWPap

Knowledge sharing KWPsh

Knowledge saving and storage KWPss

Knowledge Workers: Knowledge is a combination of
experience, values and new information [9, 10].
Knowledge worker creates knowledge, knows how to tap
and share it across an organisation [12].

Knowledge workers make a living by dealing purely
with ideas and information. Anyone who makes a living
out of creating, handling or spreading knowledge is a
knowledge worker. This covers a wide range. Teachers,
trainers, university professors and other academics are
clearly included. Writers, authors, editors and public
relations or communications people are all knowledge
workers. Lawyers, scientists and management consultants
can be described as knowledge workers. One key
difference  between  knowledge   workers  and other
white-collar workers is the level of education and training.
As a rule, Knowledge workers have at least a university
undergraduate degree, but that is not always the case
[13].

Knowledge workers are well paid compared to other
groups of workers. Some knowledge workers join unions,
but they are not usually organized in that sense. They can
take their expertise elsewhere at the drop of a hat. We can
distil a list of knowledge work characteristics [14-16]: 

Knowledge workers like autonomy; they do not like
being told what to do.
Specifying detailed steps to follow is less valuable
than in other types of work.
Knowledge workers find it difficult to describe what
they do in detail.
Commitment matters and makes a huge difference in
productivity.

Knowledge Worker Productivity factors present in
Table 1 [17].

Factors  of   knowledge  worker  are  defined in
Figure 1 [18, 19].

Research Methodology: It was decided to adopt a case
study approach for this paper as there is little existing
research on measurement and identification factors of
knowledge workers. It has been based on  the  descriptive

Fig. 1: Knowledge worker factors

Research.  This  descriptive type research has been
carried out  using  the  questionnaire  as  the  research
tool for gathering the required data. Data's gathering
involved both reference material and a questionnaire
survey.  Sampling   was  simple  random  sampling  and
the  data-gathering  instrument was the questionnaire.
The author had already undertaken research in this field,
which had stimulated the measurement tools and the
theoretical framework used to analyze  this  case  study.
In November 2011 a request for interviews and
questionnaires sent to a number of managers (80 persons,
65% over 15 year’s experience) and staff (110 persons,
65% over 20 year’s experience) in any company. Prior to
the interview and fill the questionnaire, the author
explained the  purpose  of  the  research  and  made it
clear  that  this  information would be in the public
domain, so any confidentiality concerns could be noted.
The interview and questionnaire, from December 2011 to
April 2012, lasted five hours per week. The interview and
questionnaire were semi-structured in nature, starting off
with general questions on the company background and
knowledge  workers   to    put    the   respondent   at  ease.
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Fig. 2: Knowledge Worker Productivity in any clusters and its application on biclustering. Many biclustering

Detailed questions based on factors knowledge workers correlations between genes and samples and to identify
and related frameworks were then used to gather the local  gene-sample   structures  in  microarray  data
information, with other questions included so as not to [20-22]. The idea of biclustering is to characterize each
limit the information collected. Care was taken not to sample by a subset of genes and to define each gene in a
produce expected answers and flexibility was allowed in similarway.As a consequence, biclustering algorithms can
the process which enabled an effective two-way dialogue select the groups of genes that show similar expression
to emerge. To ensure internal validity, the interview and behaviors in a subset of samples that belong to some
questionnaire sent to staff in the Lead & zinc company specific classes such as some tumor types, thus identify
(Zanjan, Iran) for confirmation of accuracy and to check the local structures of the microarray matrix data [23-25].
that no commercially sensitive information had been Several biclustering methods have been presented in the
included. literature including BiMax, ISA (Iterative Signature

Generalizability of the research has been based on Algorithm), SAMBA and OPSM (Order Preserving
Partial generalizations. It is possible to similar Submatrix) [26, 27]. A systematic comparison and
populations. The knowledge generated by qualitative evaluation  of  these  methods  has  been  studied in
research is significant in its own right. Problems related to Prelic et al. (2006) [28]. Recently, Non-negative Matrix
sampling and generalizations may  have  little  relevance Factorization (NMF), as a useful tool for analysing
to the goals of the study and the reality of the situation. datasets with non-negativity constraints, has been
In this situation, a small sample size has been more useful receiving  a  lot  of  attention [29, 30]. Nonnegative matrix

in examining a situation in Company from various
perspectives. The goal of a study has been being to focus
on a selected contemporary phenomenon such as factors
of knowledge workers or measurement addiction were in-
depth descriptions would be an essential component of
the process.

Productivity in Knowledge Workers Clusters: In this
section, it has been tried to combine two measurement
and    prediction     methods     for     knowledge    workers’
productivity and a combined method can be presented
which can cover the research objectives. The knowledge
worker productivity in any clusters is developed to help
managers keep track of productivity status in the life cycle
of a knowledge worker development as well as
incorporating the updated model. Knowledge worker
Productivity in any clusters provides for managers to
discern the true status of productivity quickly. It gives a
manager a quick current view of knowledge workers
productivity in any clusters which will be used to predict
optimum and used to gap analysis between current and
future view.

It is shown in Figure 2. According to Figure 2, at first,
knowledge workers’ productivity has been measured in
any clusters, then it has been predicted in any clusters
and at last, based on the final data, the knowledge
workers’ productivity has been obtained through the
approaches proposed to the organizational managers.

For clustering of knowledge workers are used the
BMF method. Many publications discussed about BMF

algorithms have been proposed recently to explore the
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factorization (NMF) factorizes an input nonnegative matrix This can be solved by a penalty function algorithm
into two nonnegative matrices of lower rank. In particular,
NMF with the sum of squared error cost function is
equivalent to a relaxed K-means clustering, the most
widely  used  unsupervised  learning  algorithm  [29-31].
In addition, NMF with the I-divergence cost function is
equivalent to probabilistic latent semantic indexing;
another unsupervised learning method popularly used in
text analysis [30-32]. However, NMF cannot produce the
biclustering structures explicitly. In this paper, we extend
standard NMF to Binary Matrix Factorization (BMF) for
solving  the  biclustering  problem:  the  input binary
gene-sample matrix X is decomposed into two binary
matrices W and H. The binary matrices W and H preserve
the most important integer property of the input matrix
and also explicitly designate the cluster memberships for
genes and samples [31]. As a result, BMF leads to a new
biclustering model.

Although NMF has shown its power in many
applications, it cannot discover the biclustering structures
explicitly. In this paper, we extend the standard NMF to
Binary Matrix Factorization (BMF), that is, elements of X
are either 1 or 0 and we want to factorize X into two binary
matrices W and H (thus conserving the most important
integer  property  of  the objective  matrix  X)  satisfying
X ˜ WH. We will study both the theoretical and the
practical aspects of BMF. In this paper, we use Penalty
function algorithm of BMF for biclustering.

Penalty Function Method: In terms of nonlinear
programming, the problem can be represented as:

and is programmed as follows:

Where the Heaviside step function is defined as

and ( ) is element-wise operation: ( ) is a matrix
whose (i, j)th element is [ ( )]i j = ( i j ).

Case Study: Lead & zinc Company was selected for
conducting the research.

Clustering of Knowledge Workers
Select the Best Threshold: In this section, we implement
two algorithms (penalty and threshold methods) in Matlab
software with various preprocessors. Results are shown
in Table 2.

With implementing of above algorithm in various
thresholds and in finally for matrix discretization, then we
select final upper threshold and lower threshold (1.05 and
0.07), because of, ACC and NMI have best answers for
this range.

Results of Penalty Method: Result of Penalty method in
matlab2010 has shown Figure 3.

Penalty algorithms for high-density matrices are
better results. Thus, based on the relatively high
dispersion of the studied matrices, the results of Penalty
algorithm are best performance. Based on penalty
function method, we have two clusters of knowledge
workers (H, W).

Fig. 3: Result of Penalty method
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Table 2: Results of penalty method
1.05, 0.07 1.05 , 0.05 1.05 , 0.04 1.06 , 0.07 1.07 , 0.07 1.08 , 0.07

ACC Penalty 95.83 95.83 95.83 87.50 87.50 91.67
NMI 73.34 73.34 73.34 51.47 48.92 58.09

Table 3: Knowledge worker Productivity in any clusters
Measured knowledge worker productivity Real knowledge worker productivity Residual
--------------------------------------------------- --------------------------------------------- ---------------------------------------------

t Cluster 1 Cluster 2 Cluster 1 Cluster 2 Cluster 1 Cluster 2
1 64.35% 56.06% 65.96% 58.30% 1.61% 2.24%
2 66.63% 57.87% 68.30% 60.18% 1.67% 2.31%
3 67.45% 57.94% 69.14% 60.26% 1.69% 2.32%
4 67.78% 58.03% 69.47% 60.35% 1.69% 2.32%
5 68.65% 58.36% 70.37% 60.69% 1.72% 2.33%
6 69.01% 58.84% 70.74% 61.19% 1.73% 2.35%
It is worth noting that the calculation error should be less than 0.05. In this section, an initial analysis can be conducted, according to which knowledge
workers’ productivity values are high in early months and this result persists until the six periods.

Fig. 4: Productivity in knowledge workers clusters KWPC plays an important role in revaluating the initial

Productivity of Knowledge Workers in Any Clusters: shows its strength through the research experiment.
Productivity was measured for one year or 6 periods In this paper, several objectives have been
which is presented in Table 3. accomplished. First, knowledge workers has been

According to Figure 4, Parallel with the measured and classified and clustered using penalty function method
predicted data, we will have: (BMF method), a KWPC measurement and prediction

Knowledge workers’ average productivity in cluster knowledge worker development. Second, we have
1 is better than to cluster 2, (productivity of cluster1 gathered real data to validate KWPC or hybrid method in
is 67.31% and cluster2 is 57.85%). Lead & zinc company (Zanjan, Iran). Third, a KWPC has
Error squares’ average reached its minimum (0.03) been created to help managers.
using the mentioned function. This study has  been  identified  and  analyzed
R  equals  to  96.49 which shows the model’s factors influence on productivity of knowledge workers.2

validity. In addition, it has been presented strategies that influence

Reliability and validity: This method was tested using
Cronbach’s alpha (its value was more than 79.36); it
has been validated and confirmed by 81% of the
experts, 79% of the managers and by company
directors.
Important solutions using the predicted method are
as follows:
Creating financial and spiritual incentives based on
the output work level
Suitable organizational atmosphere based on the
responsibility awarding to knowledge workers and
omitting the unnecessary rules.

COCLUSIONS AND DISSCUSSIONS

In this paper, we explored the possibility of building
a hybrid method. Knowledge worker productivity console
(KWPC) or hybrid method provides the measurement and
prediction of knowledge worker productivity in clusters.

knowledge worker productivity. Time series analysis

hybrid method has been created, which can be used in a
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on knowledge workers productivity. Strategies were 3. Afrazeh, A., H. Bartsch and H. Hinterhuber, 2003.
selected using the ANP approach. This approach has
been verified and validated in a case study (The Lead &
zinc company (Zanjan, Iran)). The results of this research
show that the most important strategy is Activity
transparency and intellectual property rights.Activity
transparency and intellectual property rights is very
important for these companies, because of the current
global economic crisis is focusing renewed attention on
the urgent need to incentivize and protect innovation to
both solve the world’s most challenging problems and to
generate jobs and  economic  growth.  Intellectual
Property (IP), which  refers  to  everything  from
inventions to the creative arts, drives innovation and
improves our lives—generating life-saving devices and
medicines, discovering new energy and climate-saving
technologies, finding novel ways to create and deliver
information and generating consumer goods of all types.
Indeed, the nation’s future economy will be in the
companies that rely on innovation and strong IP rights.
Below are some specific arguments and facts about the
importance of fostering effective protection of IP, in
particular patent, trademark and copyright protection and
enforcement.

Limitations:

Before addressing the future Research and references
of the review, the study first need to address three
important limitations of our study. First, only few
empirical and relevant conceptual studies found and
the study is therefore, not able to draw strong
conclusions on the impact of the various
conceptualizations of factors influence on knowledge
workers. Furthermore, from the literature review, it
appears that several factors may intervene in
knowledge workers. Finally, the operationalizations
of knowledge worker factors differ across the studies
reviewed, reducing the ability to compare the results
found in these studies.
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