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Abstract 

In this paper, the aim is to suggest a productivity measure that can directly be linked to the cost 
of forest lab operations and then to develop a costing model that can be used to measure cost of 
research services at various stages of research lab operations. 
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Data, information, ideas, concepts, knowledge, innovations, new products, new methods, and 
new processes are the type of outputs created and produced in research and development type 
laboratories. The R&D labs operated by universities, public and private corporations and 
institutes, in general, do not sell their products directly in the market to generate revenues to 
continue their operations and for future investments in R&D. R&D labs are generally funded 
through fixed and tight budgets and most often R&D managements feel pressured to measure 
their performance to justify the funding they had received in the past and to make the case for 
future funding. 

Entrepreneurs and managers running these organizations most often ask the fundamental 
question: How can the desired quality product or service be produced for the least cost? This 
fundamental question tightly links the productivity of operations to cost of operations.  

Research activities are not as well defined as other production type activities in terms of the 
specificity of time, resource inputs, and type of outputs. In common manufacturing type of 
activities, operation time, operation location, materials, machinery, operator skills and other 
required resources are well defined in terms of their quality and quantity. In addition to that the 
output of operations in terms of quality and quantity can also be easily estimated and measured. 

The outcome of the research and development type activities could be in the form of data, 
information, ideas, concepts, knowledge, innovations, new products, and new methods or may be 
new processes. In a purely research type of activities, sometimes a researcher does not know 
what kind of outcome he/she is going to get at the end of a certain time period specifically 
allotted for a research project. On the other hand, funding agencies need to know how well the 
budgeted funds are spent. 

R&D leadership tend to make productive use of funds and other resources provided to them and 
therefore, they are interested to find out productivity measures that can be used to measure their 
productivity more objectively so that they can justify the money spent in the past and make the 
case for future funding. These types of questions lead R&D leadership to search for suitable 
measure and methodology that can aid R&D leadership answer some of the questions asked by 
their superiors and also to find out ways to improve productivity of R&D operations.  

2 PERFORMANCE MEASURES – A BRIEF REVIEW 

Gortner (1978) described eight steps for improving productivity at operational level in 
organizations. These are: Leadership initiative from top level management; Setting of achievable 
challenging objectives; strictly defined program planning; Setting up programs specifically 
designed to meet the company needs; Coordination of efforts throughout the firm; Active 
involvement at all level of organization; Establishment of a system to permit objective 
measurement of progress and adequate recognition for achievement of goals. The subject of 
discussion in this paper is the selection of a method or an approach that allows objective 
measurement of performance in the use of resources in lab as well as shop floor related 
operations.   
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The performance in the use of resources is most often measured through the use of productivity 
measures that are broadly grouped into three categories; partial, multifactor, and total factor 
productivity measures. The type of productivity measures that involve physical units of output 
and physical units of resource inputs, such as quantity of materials as inputs and quantity of units 
as output, are named partial productivity measures (Sumanth, 1979) and improvements shown in 
terms of partial productivity measures may not translate in terms of reduction in the cost of 
production and hence the figures arrived at in terms of these measures could sometimes be 
deceiving (Rantanen, 1995), Singh et al (2000), and (Deo & Strong, 2002). 

There is a plethora of literature available on measures of productivity being used in industry. In 
some studies researchers found total factor productivity measure as more useful than others. 
However, Stainer (1997) has reported in a study that total factor productivity measure has not 
been used in most of the organizations. In United Kingdom its reported use was in about 12% of 
the companies in both manufacturing and service sectors and in United States of America its 
reported use varied between 13% and 20%. Some researchers also suggest that total factor 
productivity measure has a basic problem as it is affected by the external conditions that affect 
the market price of outputs that has nothing to do with the internal working efficiency of an 
organization. In addition to that it has also been reported that company managements perceive 
this measure to be too complex to be easily usable even if it is considered better than any other 
measure of productivity (Stainer, 1997). 

A review of literature related to the state of the art research on productivity measurements 
conducted by Singh et al (2000) led them to conclude that there is no one method that can be 
applicable to all companies. However, they believed that productivity measurement process if 
followed in an objective way could be helpful in providing information that could be useful in 
discussions related to various problems of performance. Agrell and West (2001) in their study 
also found that there is no globally superior method or technique to measure productivity. 
However, they proposed not to loose sight of common sense and rationality in a process of 
productivity measurement in an organization. 

Germeraad (2003) in his work titled “Measuring R&D in 2003”, have pointed out that with the 
change in “Wave” (Paradigm), productivity related measurements and metrics also change and 
evolve along with their use over time. The evolved metrics can be useful tools in hands of R&D 
executives to enhance R&D performance in the face of tight financial resource constraints. In his 
view, R&D executives should be able to understand the historical context of the evolution of 
metrics before their use and recommendation to other departments in an organization. 

Raimund Bleischwitz (2001) discussed the evolution of performance measurement metrics in an 
historical context along with the development of economic theories ranging from the French 
Physiocrat to Neoclassical growth theories. In this process of evolution of theories, he showed 
the transformation of productivity concepts based on labor as an only input factor to labor, 
capital and material input factors (Multifactor productivity model). Recently, the idea of material 
flow analysis has been proposed that allows considering the flow of materials in and out of the 
process. As per this idea the labor, capital and materials for which an organization pays for, are 
not the only inputs involved or consumed in production operations to produce goods and 
services. In addition to the labor, capital and materials, there are other resources such as oxygen, 
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nitrogen, natural water, and good natural and social environment suitable for the functioning of 
organized operations. The use of these resources is not generally paid for by organization. On the 
other hand, the output of a process is not only the desired product/s but also other side-products 
such as scrap, waste, defectives along with gases (Carbon dioxide, nitrogen related oxides, water 
vapors, etc.), liquids (Waste water containing minerals, bio-materials, liquid form of 
hydrocarbons), and dust particles hanging in the air. Material flow analysis approach prompts an 
analyst to consider all kind of inputs and outputs that go into and out of the process and have 
direct and indirect effect on productivity. 

3 COST-A BASIC MEASURE TO MEASURE PERFORMANCE OF OPERATIONS  

Managerial professionals tend to measure productivity in terms of units of output per unit $ input 
basis and multifactor productivity measure is one of the common measures that help provide 
productivity information in $ terms to management. However, multifactor productivity measure 
has its own limitations, as it does not bring in all resource inputs into the cost equation to provide 
a better picture to management. Recent developments and changes in operational practices, such 
as; just-in-time, incentives for delivering quality inputs directly at the assembly lines as and 
when required, mass customization, project type operations, manufacturing facilities moving 
overseas in view of low labor costs and less of environment regulations etc., leads an analyst to 
consider other additional categories of inputs and outputs that cause a significant impact on 
costs, but have not been explicitly identified in the traditional labor, capital and materials input 
metrics of multifactor productivity measure. However, Raimund Bleischwitz (2001) predicted 
that the changes in theoretical framework of productivity would bring in changes in the 
measurement concepts that will integrate the environmental and social factors into productivity 
measurement metrics as well. 

Cost as a basic measure in terms of monetary units, had been recognized and promoted as a more 
suitable productivity measure if the key objective of a management is to reduce cost of 
production (Metcalf, 1885), (Towne, 1886), (Diemer, 1910), (Going, 1911), (Stainer, 1997),  and 
(Deo & Strong, 2003). In multifactor and total factor productivity measures the resource inputs 
and outputs are translated to monetary units for their use to get the ratios and these measures are 
also considered better than partial productivity measures (Sumanth, 1979). 

It have been observed in various studies that professionals working in organizations at the shop 
floor level, most often, tend to measure productivity using partial measures (Oswald and Toole, 
1978), and (Howell, 1995). The possible reason for not using cost in monetary terms as a unit of 
measure by engineering professionals for measuring productivity, may be due to the lack of 
training in cost measurement methods as cost measurement methods are not considered part of 
curriculum in majority of the engineering schools (Deo & Strong, 2003). The other reason may 
be the lack of appropriate costing methodology designed specifically to meet the information 
needs of executives involved in the management of shop floor type operations. The costing 
methodologies available in contemporary literature are more appropriate to meet the information 
needs of higher levels of management, because most often higher level management is interested 
to get the cost information at a plant level and /or at a corporate level (Deo & Strong, 2003).  

Germeraad (2003), in his paper mentioned the use of activity-based-costing to measure the 
performance of R&D type operations and observed its use to be frustrating for long term 
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research activities as compared to incremental type of R&D. In activity-based-costing 
methodology, the authors prescribe to use the concept of ‘Activity’ to explain and measure the 
conversion of inputs to outputs (Turney, 1991). However, the literature on Activity Based 
Costing technique provides mixed reviews. Some researchers consider it better than traditional 
costing techniques while others focused on its limitations. One of the problems reported in 
literature is the problem of subjectivity in the cost measurement process through subjectively 
defined activities, sub-activities and cost drivers. Some researchers have also reported the 
problem of manipulation of the overhead expenses on a subjective basis [Innes, J. & Mitchell, F., 
1989; Mishra, 1996; Dhavale, 1992; and Yu-Lee, 2001. The researchers reviewing the literature 
related to activity-based-costing, appear to have a genuine concern about the problem of 
subjectivity that creeps into the cost measurement process using the concept of an ‘Activity’ 
defined in activity-based-costing literature. 

 Deo & Strong (2003) observed that in Turney’s (1991) definition of a ‘Unit of work’ for an 
activity, the ‘Work’ component is not defined in the form of its structure, content, and context. 
This undefined ‘Work’ component opens the door to subjectivity on the part of a person defining 
a unit of ‘Work’. For some researchers and practitioners a unit of work could be a system, for 
others it could be sub-system of a system and so on and there is no visible limit defined to put a 
boundary around an activity.  

4 OPERATION BASED COSTING MODEL AND MATERIAL FLOW ANALYSIS  

Deo & Strong (2003) proposed 8-factor input model to measure the cost of operation in a system 
of operations. This model considers ‘Operation’ as the basic unit of work in a system of 
production, whereas a production system consists of different kinds of operations being 
performed in it. The definition of a unit of work in operation based costing, found to have close 
resemblance to a workstation type work units in a system where inputs are transformed into 
outputs. It could be a stand-alone operation or could be an assembly line type of operation 
performed at various workstations in which output of a preceding workstation would be the input 
of a succeeding workstation. The authors defined operation as; ‘A set of predefined tasks, 
performed in a predefined sequence on specified materials to convert it into a required form, 
shape, or output at a specified space, using a specified set of resources for a specified period of 
time”. This definition of an operation seems to lead an analyst to look for various kinds of 
operations inside a system and then to look for resources being used or to be used inside each 
operation. This definition appears to capture a picture of workstation as a basic unit of work 
where each workstation performs one well-defined transformation step on materials undergoing 
an operation. A workstation operates in a specified space and time, where other specified 
resources such as machines, fixtures, and operators may also be involved; some buffer space 
might have been kept to store some units of inputs and outputs for continuity of production and 
distribution. For continuous production at a workstation continuous arrival of quality inputs on 
time need to be assured and to achieve this end suppliers of inputs might be provided some kind 
of incentives for providing quality inputs on time. In some cases, the work of a whole 
workstation or a set of workstations could be outsourced to parties outside the company and in 
other cases machines, fixtures and operators might be involved on contract basis for various 
reasons.  
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The 8 input categories described in the model are: 

1. Incentives paid to suppliers to deliver the quality material as and when required 
(Just-in-time basis) 

2. Inventory of raw materials required in and around an operation 
3. Materials lost or scrapped or wasted during operation 
4. Machinery and related expenses 
5. Fixtures and related expenses 
6. Operators and related expenses 
7. Work space and related expenses 
8. Contracts and its related expenses. 

The 8-factor (Input categories) operation based costing model for measuring cost of an operation 
also includes traditional three factors in terms of buildings, machinery, fixtures, operators, and 
materials, listed in multifactor productivity model. However, the material input in operation 
based costing model is the material that gets wasted / scrapped or disappears during operation 
but does not become part of the material that goes out as an output of operation. In addition to 
that this model also includes other expenses related to incentives paid to suppliers, cost and 
expenses related to various type of contracts used in operations, holding cost of materials, 
expenses related to the maintenance and upkeep of machinery, buildings, and working personnel, 
expenses related to the disposal of waste / scrap including the cost of the good material scrapped 
/ wasted. 

To a large extent, the model also fits into the Material Flow Analysis (MFA) criteria for 
measuring productivity that is considered the most promising among the productivity measures 
(Raimund Bleischwitz 2001). The MFA helps track physical flow of resources through the 
systems of production starting with inputs, processing, and then at the end outputs of an 
operation. It also includes other resources such as oxygen, nitrogen, natural water, and good 
natural and social environment suitable for the functioning of organized operations that are not 
generally paid for by organizations. The 8-factor model considers almost all kinds of physical 
inputs to an operation, including air, oxygen, and water through machinery, operators and work-
space related inputs and supplies, and outputs including waste material and defectives along with 
desired output of an operation. 

5 NATURE OF R&D OPERATIONS   

R&D operations can broadly be segmented into research, development, and experimental type 
operations. School and college laboratories are the examples of experiment type of operations in 
which students are trained to test theories and ideas that have already been tested and validated. 
In these routine types of experiment operations, experiment procedures in detailed step-by-step 
process are documented along with time to be taken for each step, equipment, materials, and 
conditions (Structure, content and context of an operation) required for an experiment. On the 
other hand, in purely research type of operations, new ideas, concepts and theories are created 
and tested in laboratories and the process of creation of ideas and theories processed in the minds 
of researchers are not very well understood and documented in terms of time that a thinking 
process takes to create a new idea, concept or a theory. However, the time to test new ideas and 
theories can be estimated through step by step determination of a testing procedure, equipment, 
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materials and skill requirements but in the beginning of the testing process the equipment, 
materials and experimental conditions may not be adequately standardized. In development type 
of operations the idea or a concept is transformed into a useable product or service that has some 
value to a customer. The process of transformation of idea into a product has been well 
documented in literature. The time it takes to transform an idea into usable product can also be 
estimated through each step of the process. The process, equipment, materials and contextual 
conditions are not standardized in the beginning of the transformation process but get almost 
standardized at the end of the process when the product is thought to be ready for production to 
meet the market demand. These days research and development type of work is not only being 
done in universities but also in private and public sector corporations and institutions. Corporate 
sector may be more involved in the development side and universities and research institutions 
may be more involved on the research side of the R&D process.  

5.1 Enhanced Forestry Lab – A Case Study   

Enhanced Forestry lab in one of the universities in Canada is studied with respect to the nature of 
its operations. Information obtained through discussions with the lab in charge and lab assistants, 
and review of documents related to lab experiments conducted in forestry lab in year 2002-03 
showed about forty plus different experiments conducted in the lab by different researchers in a 
year. The aim and objectives of each experiment was found to be different. The equipment, input 
materials, and experimental conditions were different for each experiment. The dean of the 
college responsible for getting funds for the lab was interested to develop a system to measure 
the performance of the lab and its each section along with cost of experiments that could be 
charged to a researcher’s budget account. 

The list of experiments conducted in 2002-03 was obtained and then each experiment conducted 
discussed with lab in charge and other persons involved in lab operations through organizing 
meetings. Later on, a few visits to the lab helped to understand the nature of experiment 
processes and operations involved in conducting the experiments from beginning to end. The 
study of the documented procedures for different experiments conducted and visits to the lab led 
to the following observations:  

• Many different types of forestry related experiments can be conducted in the lab in 
addition to 40 plus conducted in year 2002-03. 

• Each experiment is performed in the form of process in which sequence and location of 
operations in the lab are predefined along with the material inputs, equipments and level 
of skill required to use the equipment, experimental conditions, and nature of output. The 
output of each operation was found to be ‘data’ generated (To develop information) and 
the material waste created in various forms during and at the end of the experiment.  

• Each experiment conducted was a unique customized process, and the uniqueness of the 
process was caused by the variation in the process structure (Type of machinery, fixture, 
space and skill involved), process content (Objective or type of work to be performed), 
sequence of operations, and conditions (Temperature, humidity, light intensity etc.) to be 
maintained during an experiment. The variation creates the experiment variety in the 



 8

material inputs, process structure, process content, and process environment of an 
experiment. 

• The analysis of processes, one by one, related to different experiments conducted in the 
Enhanced Forestry Lab indicated that even though a significantly large number of 
experiments can be conducted in the lab, but the number of operations performed in the 
lab is relatively less as compared to the number of experiments. For example, drying, 
potting, cooling, storing, cleaning, packing, unpacking, assembling, dumping type 
operations are not in large numbers as compared to the number and variety of 
experiments in which these operations can be performed. 

• The analysis of operations performed in forestry lab indicated a wide variety of resource 
used in different operations. The resources used were machines to mix soil and spray or 
broadcast fertilizers, pesticides, and weed killers, fixtures to hold plants and other inputs 
during processing, lab technicians and helpers to operate machinery and equipment to 
conduct operations, workstation area for conducting operations and for storing input 
materials in and around operations, raw materials and other inputs stored to avoid delays 
in the experiments for want of input materials, the desired output of operations in an 
experiment was data generated but at the end of an experiment waste was also created in 
the form of used plants and soil treated with different kind of chemicals that need proper 
disposal to avoid contamination of next set of experiments as well as the contamination 
of the environment. Outside parties are involved in the regular disposal of the lab waste 
on contract basis  

• The wide variety of inputs and resources used in the lab can be easily categorized into 
small set of factors, such as incentives, materials, inventory of materials in and around an 
operation for smooth conduct of operation, machinery, fixture, operators, work space, 
and contracts that can be used to measure the performance of lab operations as proposed 
by Deo & Strong (2003).  

On the basis of the observations made in the context of forestry lab experiments and operations, 
it can be stated that in a given lab a relatively large number of unique (customized) experiments 
are performed with relatively smaller set of well defined operations and each operation is 
conducted with the support of a few measurable resource input categories that can be translated 
into a single cost metric that can be used to cost various kinds of unique experiments for 
comparison with other similar research labs and for bench marking for improvement of research 
lab operations. This can be shown with the help of Figure 1. 

 



 9

Figure 1. Showing number of experiments > Number of operations > Resources = Cost 

5.2 Costing Enhanced Forestry Lab Operations – Operation Based Costing Approach   

Professionals working in research lab generally perceive operation as a basic unit of an 
experiment. For them, an experiment is a set of operations performed in a specific sequence 
(Procedure). Experimental material in an experiment goes through a certain sequence of 
operations before being turned out as data and waste material at the end of experiment. 
Diagrammatic representation of an experiment as a system of operations performed on the 
experimental material can be represented as per Deo & Strong (2003) model, shown in Figure 2. 
 

EXPERIMENTAL 
MATERIAL DATA + WASTE 

MATERIAL 

EXPERIMENTAL 
OPERATIONS 

Figure 2. Experiment as a set of operations 

In Deo and Strong [2003] model an operation is defined as a set of predefined tasks, performed 
in a predefined sequence on a specific material to convert it into a required form, shape or 
output, at a specified space, using a specified set of resources for a specified period of time. This 
definition helps an analyst to look inside a black box of an operation to find out input materials, 
resources involved in processing experimental materials to get the data from an experiment. The 
structure of a typical operation proposed by Deo and Strong [2003] is represented in Figure 3.  

Large number of experiments

Limited #of 
Operations

Resources

$ Cost

Cost of experiments
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S crap  D efec tive  
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Figure 3. Internal structure of an operation in an experiment 

All types of inputs and resources involved in research lab experiment operation, in general, can 
be classified into 8 categories: incentives paid to suppliers to deliver quantity and quality of 
required chemicals and other materials as and when required (Just-in-time basis) in the lab, 
inventory of chemicals and other raw materials required for each operation in an experiment, 
materials lost or scrapped or wasted in each operation of an experiment, machinery and 
machinery related expenses involved in each experiment, fixtures and fixture related expenses 
for each experiment, operators and operator related expenses involved in each experiment, 
experimental work space and space related expenses and other contracts along with related 
expenses. 

The resources used in operations need a variety of support for keeping them operational. As 
examples, machinery may require power, gas and water, and may eventually wear out and 
require repair or may need replacement. Interest is also paid on the capital invested in 
machinery. Wages are paid to operators working in labs. Experimental work related space is 
cleaned regularly and maintained for efficient and effective conduct of experiments. Contractors 
are paid regularly for material inputs and services. Incentives are regularly provided to insure 
quality and timely delivery of chemicals and other materials at experiment sites. 

Deo & Strong (2003) have used the Operation Based Costing approach to calculate the cost of 
each resource used in an operation in manufacturing operations and this approach can also be 
used in calculating the cost of each operation in an experiment in terms of the cost of each 
resource involved and this can be shown in the form of Figure 4. 
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Figure 4. Share of each resource in the cost of an operation in an experiment 

By knowing the cost of each operation the cost of each experiment can be determined for billing 
purposes to the clients. In addition to calculating the cost of an experiment the approach can also 
be used to find the actual use of each resource in an operation and in an experiment and that 
information can be helpful in finding out how far cost of an operation is due to the actual use of a 
resource in an operation and how far it is due to the non-use of a resource (Figure 5).  

The differentiation of cost in terms of use and non-use can be useful for the research lab 
managers to find the ways to use the lab resources more productively in future and to develop 
the plans for more objective use of resources that can be helpful in putting the plans for funding 
from the funding agencies. 

 
Figure 5.Cost of using & not using the resources in an operation 
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6 CONCUSIONS   

The analysis of operations in research facility indicated that each experiment is completed 
through a sequence of operations determined by the experiment procedure and in a research lab a 
wide variety of experiments can be conducted. The wide variety of experiments performed 
involve relatively limited number of operations in a lab and in each operation the resources used 
can further be categorized to small set of resources. 

The research lab is a service facility providing research services to the researchers but the basic 
unit involved in creating a service is an operation. Since the basic unit of research service is an 
operation so operation based costing approach can be used to calculate the cost of each operation 
in terms of the use and non-use of resources in an operation as well as in an experiment that can 
be extended to the cost of use and non-use of resources in a total facility. The break up of the 
cost in terms of resources in each experiment can be helpful to the lab managers to find out the 
ways to improve the performance of the lab resources and to document the cost information 
relatively more objectively for funding exercises. 
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