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Chapter I 

1 Introduction 

 

1.1 Background 

E3 is a federal technical assistance framework used by communities and manufacturers to 

help identify best practices, assessment approaches, and opportunity trends for efficiency 

improvements. (“E3: Economy – Energy – Environment,” n.d.). E3 nurtures a strong 

relationship within the collaborative organization and between organizations and the 

targeted industry sector, clients. The E3 goal is to strengthen local economies, help 

manufactures become more profitable, to create and retain jobs, and to improve 

environmental and energy performance (“E3: Economy – Energy – Environment,” n.d.). 

The E3 began with a kick-off regional E3 roundtable in Portland, Oregon. The meeting 

was conducted to develop objectives of the project and identify key stakeholders. During 

the meeting, the analyst recognized the lack of an efficient communication structure. 

Thus, the outcomes of this meeting indicate that communication and participation are the 

main factors for this research.  

 

In the development of Soft Systems Methodology (SSM), Peter Checkland (2000) stated 

that: 
 

“In getting away from thinking in terms of some real-world systems in 

need of repair or improvement, we began to focus on the fact that, at a 

higher level, every situation in which we undertook action research was a 

human situation in which people were attempting to take purposeful action 

which was meaningful for them. Occasionally, that purposeful action 

might be the pursuit of a well-defined objective, so that this broader 

concept if included goal seeking but was not restricted to it. This led to the 

idea of modeling purposeful ‘human activity systems’ as sets of linked 

activities which together could exhibit the emergent property of 

purposefulness (Checkland, 2000).” 
 

Communication can be viewed as a human activity system. Communication in a 

collaborative organization helps stakeholders understand each other better and 

contributes to productivity and efficiency in the organization. Common agreement in 

collaborative organization can be achieved through good communication (Duncan & 
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Moriarty, 1998). However, producing a clear definition, completing a project at the same 

pace, and coming to the same conclusions is often challenging due to poor inter-

organizational communication.  This can be dysfunctional and unsatisfying for the 

organization and the clients of the project themselves resulting in the inadequate handling 

of important projects. Therefore, it is important to identify a communication structure to 

help achieve a common end result. Soft Systems Methodology (SSM) will be used to 

design a communication structure that can facilitate stakeholder collaboration. SSM is not 

designed as a collaborative tool (Calvo-Amodio, Harn-Ng, Galindo, & Temblador, 2010); 

however, it can be modified to do so, that way it is possible to use SSM as a participative 

approach to capture information regarding the diversity of stakeholders perspectives. This 

process will allow E3 to create purposeful human activity systems model which present 

as a set of linked purposeful activities within the system. However, of particular interest 

in this research is the method of gathering information to create root definitions for 

stakeholders to learn about a complex situation so as to make changes. Rich picture is an 

original method used to express the problem situation during SSM’ stage 2. However, it 

requires a large amount of time commitment and if a large group of stakeholders is 

expected to participate in the process. Therefore, the development of an alternative 

method is necessary given a high number of stakeholders in the collaborative structure. 

Then, the root definitions can in turn be used to construct a communication structure of 

the E3 at the Energy Efficiency Center (EEC) at Oregon State University (OSU).  

 

1.2 Problem Statement 

Effective communication is critical to any organization since “communication is the 

human activity that links people together and creates relationships” (Duncan & Moriarty, 

1998). Effective communication not only helps establishing clear expectations, but also 

builds strong relationships in a wide range of political, social, economic, and 

psychological to develop, organize, and propagate knowledge. This is the case for the E3 

collaborative structure since the evidence shows that there is a lack of communication 

within all stakeholders during the E3 roundtable meeting. 
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The E3 collaborative project will be led by Oregon State University’s Energy 

Efficiency Center (EEC), in collaboration with the State of Oregon Department of 

Environmental Quality (DEQ), Manufacturing Matters (MM), and the Pacific Northwest 

Pollution Prevention Resource Center (PPRC). The collaboration between these four 

stakeholders is complex due to the lack of understanding how each individual agency can 

contribute to the project to help identify best practices, assessment approaches, and 

opportunity trends for efficiency improvements. This lack of inter-organizational 

communication structure creates deteriorated and deficient enactment for organizations 

and the project outcome. Effective communication acts as a bridge that connect all 

stakeholders together.  

 

The resulting communication structure to assist managing E3 must match the 

current E3 system context. The current E3 system context is complex, where a leading 

role is required (EEC), organizational learning is required (unknown from stakeholders), 

and a participative approach is required by the stakeholders (Calvo-Amodio et al., 2010). 

The first three premises are consistent with SSM; however, the requirement to have a 

participative approach is not. 

 

In order to develop an effective communication structure, SSM will be used as a 

guiding methodology. SSM is selected because it provides a platform to create consensus 

between diverse stakeholders. For this research, focus will be placed on stage 2 (problem 

situation expressed) of SSM as a means to bring a participative approach for system 

design into SSM through the alternate method to collect information which will lead to 

the creation of root definitions in stage 3 as a contribution of this research.  

 

1.3 Research Questions 

There is increasing research in the importance of communication on collaborative work, 

such as the work from Duncan & Moriarty (1998), which provided a deeper 

understanding of the role of communication in order to establish and better manage 

profitable stakeholders relationships. Korhonen, Pekkanen, & Pirttilä (2007) used the 
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role-playing games to help stakeholders to understand the complex and dynamic 

interactions in a supply chain, while increasing process understanding and 

communication skills. It has yet to be explored under a holistic systems thinking 

perspective. Communication is a human activity. It requires thinking about how different 

groups of people, with different interests, can participate in a project, and what each 

participant might seek to achieve in the outcome. SSM can be used to construct a model 

to assist finding a “middle” ground for all participants to collaborate. 

 

In order to find a middle ground for all stakeholders to participate, the information 

from each stakeholder is required. In this research, a human activity systems human 

activity systems survey will be used to collect information to create root definitions. The 

human activity systems human activity systems survey measures six constructs related to 

CATWOE tool: customers, actors, transformation, weltanschauung, owner, and 

environmental constraints, which used to identify the people, processes, and 

environmental that contribute to a situation being analyze. The information gained from 

each CATWOE categories will help identify the key human activity for the system. The 

human activity systems human activity systems survey’s key assumption is that by 

considering information from diverse views from stakeholders, useful perspectives to 

build root definitions can be extracted. In order to develop useful root definitions, it is 

important to validate the information collected from the human activity systems human 

activity systems survey as well as the human activity systems survey itself. 

 

First Research Question 

Research Question 1: Can the CATWOE elements be identified through the human 

activity systems survey? 

Sub-question 1.1: Can the human activity systems human activity systems survey 

capture diversity of opinion within each construct?  

Sub-question 1.2: Can the human activity systems survey provide accurate 

information to identify different stakeholder views? 

 



5 

 

 

 

 Research question 1 and sub-questions 1.1 and 1.2 address internal validation of 

the human activity systems surveying instrument. In developing a communication 

structure, complete and distinct root definitions are the key. The purpose of the human 

activity systems survey is to collect information from relevant stakeholders regarding the 

E3 project. To generate powerful root definitions, the human activity systems survey 

questions should be interpreted similarly by each respondent, and the collected data must 

accurately represent the diversity of stakeholders’ perspective on the E3 project.  

 

Second Research Question 

Research Question 2: Can the human activity systems survey identify distinct stakeholder 

perspectives that will lead to create at least two root definitions? 

 

Research question 2 addresses the identification of the variety of stakeholder’s 

perspectives. To diversify the variety group of stakeholders, the human activity systems 

surveys’ results should contain more than one stakeholders’ perspectives. A more 

complete communication structure can be designed with the greater number of generated 

root definitions. However, at least two root definitions must be identified to design the E3 

communication structure because there must be at least two or more perspectives in order 

to bring collaborative organizations to consensus.    

 

1.4 Research purpose 

As alternative to SSM stage two’s Rich Picture, a method to capture the diversity of 

human activities systems is developed in order to reduce bias from the analyst. The 

purpose of this research is to validate the human activities systems human activity 

systems survey as well as the information advance from the human activity systems 

survey itself. The resulting alternate methodology should be capable of identifying 

CATWOE elements that lead to the creation of at least two root definitions. These root 

definitions are useful to be continue the use to SSM and design the communication 

structure in the collaborative organizations. 
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1.5 Research Objectives 

1. To introduce a participative approach into SSM via stage 2 in the form of a 

human activity systems survey. 

2. To develop a human activity systems survey that can be used to gather 

information from all potential project stakeholders. 

3. To validate a human activity systems survey that can provide accurate and 

effective information. 

4. To pilot a human activity systems survey that the information gathered can be 

used to generate root definitions.  

 

1.6 Limitations 

1. The methodology is adequate for the similar problem situation to the E3 project. 

2. The number of participants in this study limited the ability to utilize statistical 

methodologies and thus examine the complex relationship between constructs.  

3. The time available to investigate a research problem  

4. The time available to measure change or stability over time and validation of 

human activity systems surveying instrument.  

5. The accuracy of the model is dependent on the collaborative leaders to perform a 

systemic analysis. 

 

1.7 Benefits of the study 

Understanding the root definitions of the proposed system will provide engineering 

managers a methodology to create communication structure similar to the E3 

organization. This will help with the creation and management of collaborative efforts on 

key aspects to observe, and also to explore the strategic design of a collaborative 

communication structure to assist E3 (Economic, Energy, and Environmental) practices 

and principles.  
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1.8  Research Outputs and Outcomes 

1. A human activity systems survey tool that is used to collect information from 

project stakeholders. 

2. Six categories (CATWOE) of root definitions that are able to assist collaborative 

leaders to define necessary elements that together constitute a human activity 

system from all perspectives, which improve internal communication through an 

understanding of psychological, social, and cultural perspectives. 

3. One peer-reviewed conference paper, containing the proposed theoretical 

framework based on analysis of current practices of organization models. 

Conference: 2014 American Society for Engineering Management (ASEM) 

4. One peer-reviewed journal paper containing the validation of the proposed 

theoretical framework. Target Journal to be determined. 
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Chapter 2 

2 Literature Review 

 

2.1 Introduction 

This literature review serves the purpose of understanding the concepts and applications 

used to analyze systems in large organizations and also in applications that focus on the 

social sciences that model human activity systems.  

 

2.2 Collaboration in Organizations 

According to Katz and Martin, “collaboration is an intrinsically social process and, as 

with any form of human interaction, there may be at least as many contributing factors as 

there are individuals involved” (Katz & Martin, 1997). Collaborative groups often consist 

of stakeholders from different areas of expertise and provide competitive advantages to 

all stakeholders in the project. The benefits of collaboration comprise multiple sources of 

communication, information, and perspectives, which may include the transfer of 

knowledge, skills, and techniques, provide intellectual companionship, explore other 

stakeholder into a wider network of contacts, and enhance the potential visibility of the 

work (Katz & Martin, 1997). 

Collaboration can happen in many forms ranging from offering general advice, 

providing data sets, performing tasks, and sharing ideas through discussion to active 

participation in the project. Corley, Boardman, & Bozeman, (2006) mention the success 

in interdisciplinary collaboration includes setting collaboration goals. Collaboration goals 

are important because they show how the collaboration will be structured. Thus, it is 

important to understand how different groups of people can participate in the processes 

involved, and what they might seek to achieve from their involvement. However, when 

coordinating and collaborating among multiple stakeholders across domains of expertise, 

it shown that communication across disciplines is impeded. These differences can present 

significant obstacles in the collaborative work within organizations.  
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An important key to be successful in a project is effective communication 

(Duncan & Moriarty, 1998). Communication skills are essential human activities for 

strengthening relationships and motivating stakeholders to successfully complete the 

projects or tasks, especially if dealing with different viewpoints. Because each 

stakeholder has its own unique behavior and working environment, it is naturally 

different in cognitive, performance, and ways of organization work. Therefore, a 

common understanding and consensus between stakeholders about objectives of the 

improvement efforts must be stated before a project can efficiently start, which can be 

done through an effective communication among project leader and all other stakeholders 

involved. The collaboration may also bring out the different weltanschauung (world 

view), where an interchange of ideas may in turn generate new perspective for others. For 

these reasons, collaborative work can deliver a better work quality and faster schedule 

performance (Keller, 2001). 

2.3 Communication Strategy 

Harvey & Griffith (2002) stated that a network relationships with organizational partners 

and customers can have significant impact on the need to develop an integrated 

communication strategy. Internal communication is crucial; if information cannot be 

conveyed across organizational entities, its effectiveness can be reduced and project 

outcomes diminished. The authors also claim that “a major obstacle to successful global 

relationships is cultural distance”, which can be viewed as the foundation for 

understanding the complexity in the communication environment. There are many 

aspects that must be taken into consideration in order for the communication strategy 

development: the macro cultural, organizational cultural, and the relationship linkage and 

specific communication goal. Because the complexity of the communication environment 

can be affected by the similarities and differences within organizational cultures, it is 

important to have a well-defined structure to develop communication strategies. Figure 1 

shows the decision making process in communication strategy development.  

 



10 

 

 

 

 

Figure 1: Intercultural Communication Strategy Development (Adapted from 

Harvey & Griffith, 2002) 

 

During the first step, organizations with little experience in complex 

communication environments must rely on more bidirectional and personalized 

communication in order to minimize misunderstandings. Step two considers the 

frequency of communication between stakeholders; while step three considers the 

commitment of resources and the impact on the organization’s communication linkages. 

In step four, the determination of appropriateness for relationship communications is 

needed in order to identify the area of improvement. Step five suggests that a mean to 

modify communication efforts should be included in managing the communication 

strategy. Step six states that the communication strategies can be influenced by the level 

of interaction, therefore the strategy develop should be associated with the existing trust 

level. Lastly, step seven is to ensure that the communication strategy maintain a 

consistency and coherence across a wide variety relationships domains. 
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The intent of this communication framework is to establish the human activity 

systems as a way to define weltanschauungen based on motivations and characteristics of 

organizations. This communication strategy framework recognized that communications 

among stakeholders need to be adaptable to specific environment conditions for the 

communication to be effective.  

 

2.4 Action Research  

Both hard and soft systems are applied in action research to validate research through the 

application of theory to real situations and organizations (Avison, Lau, Myers, & Nielsen, 

1999). Action research is focused on developing theory to application through an iterative 

process between researchers and industry allowing for stronger research and greater 

interest from organizations that could benefit from it. Additionally, action research 

specifies a need for continuous reflective learning as result from the iterative approach 

(Checkland & Holwell, 1998). Action research is necessary to create a communication 

structure for the E3 project as it combines multiple stakeholder’s perspectives that will 

utilize the developed framework. Both iteration and reflective learning will be employed 

to result in a framework that considers all stakeholders involved. 

 

2.5 Soft System Methodology 

For this purpose, a methodology framework for action research is required; soft systems 

methodology, developed by Peter Checkland and colleagues at Lancaster University 

offers a great fit for the problem context of interest (Checkland, 2000). This methodology 

claims to be utilized in complex and ill-defined problem situations as well as practical 

application for people without technical backgrounds (Mingers & Taylor, 1992). SSM is 

built around the concept of human activity systems that attempts to include all points of 

view. Focusing on all points of view will be necessary in developing a thorough 

framework that will unite multiple organizations towards one common goal. 

 

In the SSM methodology, there are two main approaches utilized to solve real 

world soft systems problems. The first methodology is the four main activity principles 
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which may be defined as shown in Table 1 below. First, the ideal situation scenarios will 

be identified. The stakeholder will be asked to provide goals of the problems in both 

cultural and political aspects. Then, in the second activity, the analysts will establish the 

current state of the process in comparison to the ideal models set by shareholders. Third, 

the strategy process to improve the current situation is created to build the ideal models 

based on all given points of view. Fourth, the implementation plan will be developed and 

applied to the system in order to improve the processes (Calvo-Amodio et al., 2010).  

Soft systems methodology can also be presented through a seven stage model, as 

shown in Table 1. The seven stage model of SSM helps to explain its flexibility and 

makes it easy to understand the process logistically. The first two stages are required to 

develop the current situation problem description by collecting a large amount of 

information. During stage three, this information is expressed as a root definition and 

converted to conceptual models in stage four. Once the model is formed, the analysts use 

the model to further understand the situation to compare between the current and ideal 

model in stage five. In stage six, the changes to improve the process will be analyzed 

based on its fulfillment of desirable criteria and implementation feasibility. Lastly, stage 

seven will take recommendations and suggestions for implementation to improve the 

situation (Checkland, 2000).  
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Table 1: Soft System Methodology (Adapted from (Calvo-Amodio et al., 2010). 

Soft System Methodology 

Four  Main Activities Principles Seven Stages Model 

1. Figure out about problem situation in 

all point of view 

1. Enter unstructured problem situation 

2. Formulate relevant purposeful 

activities models 

2. Express the problem situation 

3. Debate the situation based on the 

model to seek changes that would  

accommodate and improve the situation 

3. Formulate root definitions of relevant 

human activity systems 

4. Implement actions and changes to 

improve the situation process 

4. Build conceptual models from the 

root definitions 

 5. Compare models with real world 

 6. Define desirable and feasible changes 

 7. Take action in problem situation 

 

SSM is a process of analyzing subsets of a human activity system to gain deep 

level understand and to suggest ways of acting that can improve the current problem-

situation (Hanafizadeh & Aliehyaei, 2011). Figure 2 below also shows seven stages 

model of Soft Systems Methodology where it shows the separation between the real 

world events and systems thinking about the real world. The first and second stages seek 

to find about the current problem situation, the output of which is a rich picture depicting 

real world concerns indicate the different perceptions of different stakeholders from the 

same event. The third stage is aim to derive root definitions from the rich pictures, which 

considered as the analyst interpretation. According to Hanafizadeh & Aliehyaei, “stages 

1, 2, 5, 6, and 7 of Figure 2 describe the unreflective engagement in and with the problem 

situation, which use everyday language and concepts while stages 3 and 4 describe the 

reflective engagement in and with the problem situation that use systems language so that 

conscious reflection can be carried out relating to the real-world situation (Hanafizadeh & 

Aliehyaei, 2011).”  
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The Seven Stages Model is preferred over the Four Main Activities Principles 

because it better aligns with the expected framework for the E3 project. The Seven Stages 

Model follows the action research methodology since it is used to apply theoretical 

models to the real world. In contrast, the Four Main Activities Principles focuses less on 

the comparison of models to the real world, which would result in a weaker final 

analytical collaborative structure. 

2.5.1 CATWOE 

To further benefit the Seven Stages Model, a technique called CATWOE is used to view 

a problem from different perspectives (Bergvall-Kareborn, Mirijamdotter, & Basden, 

2004). CATWOE is applied in stages three and four as this is where a special focus must 

be placed on all aspects of the problem. Additionally, CATWOE places an emphasis on 

developing novel ideas, which can often be challenging when utilizing SSM alone 

Figure 2: Seven Stages of Soft System Methodology 
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(Mingers & Taylor, 1992). In application, CATWOE allows the researcher to focus on 

six key elements of a problem, which can reveal perspectives that may have been ignored 

otherwise. CATWOE will be discussed below in its mnemonic order for the ease of the 

reader to remember all categories. 

Customer (C). The customers are those that are affected by the system’s activities, 

whether that effect is positive or negative (Bergvall-Kareborn et al., 2004a). This term 

can be challenging to apply root definitions to because it is easy to forget the non-

traditional customers, such as non-human like animals or the environment. Additionally, 

the negatively affected customers are more easily forgotten, since researchers are focused 

on the positive impacts of the process changes being enacted. To counteract these 

challenges by defining root definitions, it has been suggested to try to broaden the 

definition by using the term ‘affectee’ (Mingers, 1980). In application, a balance between 

being too narrow or too wide must be reached to ensure the proper customers are focused 

on without losing sight of the important perspectives. 

 

Actor (A). The Actor, unlike Customers, is generally straightforward and consistent 

within the current literature (Basden & Wood-Harper, 2006). Actors are those 

participants who will carry out the activities in the conceptual model when applied to 

reality.  Basden and Wood-Harper suggest that the Actor has not historically played an 

important role in SSM research since they are just acting out the model but not 

necessarily directly impacting it. In application to this research, information about the 

interested party’s partners is used to understand the array of Actors which will be present 

in the application of the conceptual model.  

 

Transformation (T). The third category is Transformation, which is the activity carried 

out by the Actors. The Transformation converts the system from the input state to the 

output state, resulting in an applied model to a soft system (Basden & Wood-Harper, 

2006). Mingers states that the transformation is vital to SSM because it forces the user to 
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fully understand all aspects of the system, including the initial state, transformation 

process, and final state (Mingers, 1992). 

 

Weltanschauung (W). Weltanschauung is the most important aspect of CATWOE since 

it focuses on the primary perspectives of the situation and is what determines 

transformation significance (Bergvall-Kareborn et al., 2004a). Selecting the proper 

perspectives is essential to having a broad understanding of the problem, but recognizing 

these perspectives can often be challenging. Researchers have developed multiple ways 

for categorizing or identifying the proper perspectives, but the general goal is to view the 

situation in both positive and negative lights to ensure an unbiased approach is taken.  

 

Owner (O). The Owner is broadly defined as any entity that could stop the 

Transformation from taking place (Bergvall-Kareborn et al., 2004a). This definition can 

be applied to entities including CEOs, managers, implementers, or even terrorists, so it is 

important to further characterize the Owner. In application, only those with formal power 

to stop the Transformation need to be considered, since those without formal power 

cannot be controlled or reasoned with (Checkland & Scholes, 1990).  

 

Environmental Constraints (E). Environmental Constraints are any outside elements 

that impact or limit the system (Bergvall-Kareborn et al., 2004a). As with some of the 

other letters in CATWOE, Environmental Constraints can be interpreted in many ways, 

and it is important to focus on those constraints that are unique and pertinent to the 

present situation. Bergvall-Kareborn, Mirijamdotter, and Basden suggest this could 

include “time and resources, existing structure, ethos, norms, modern technology, 

company resources, corporate objectives, and project definition” (Bergvall-Kareborn et 

al., 2004a). E is especially important to the current research because it mitigates the 

possibility of forgetting a relevant factor in a problem. It attempts to characterize future 

limitations, which allows us to work around those limitations with the conceptual model. 
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Soft system methodology uses system models to improve complex, unstructured, 

and ill-defined problems that are built around the concept of human activities systems. 

An SSM that improves current processes and provides ideal process situation solutions to 

the stakeholder is considered a successful SSM. Unfortunately, SSM is often considered 

too time-consuming and complex (Mingers & Taylor, 1992) to undertake. However, this 

ideal should not be quickly assumed because, as Mingers & Taylor suggest, SSM is 

simpler than many other formal methodologies and can be completed rather quickly if 

needed. Another suggested drawback to SSM is that it is unsuitable for managers. To 

mitigate this shortcoming, which arises from hesitancy to participate in something new 

(Mingers & Taylor, 1992), the positive aspects of SSM should be discussed.  

SSM is used in a wide variety of applications and provides numerous benefits 

with a primary focus on providing structure (Mingers & Taylor, 1992). This benefit is 

seen in multiple aspects including structuring the overall study, focusing the original 

mission, and organizing very complex situations. Additionally, SSM leads to a greater 

understanding of other peoples’ views and improves communication in groups. This, in 

turn, results in the project being completed faster. 

 

2.6 Critical Systems Heuristic 

Critical Systems Heuristic (CSH), developed by Werner Ulrich in 1983, is a systems 

approach framework that reflects on underlying assumptions and social consequences 

involved in the systems, as Jackson states, “Critical systems heuristics was designed as a 

practically oriented, emancipatory systems approach” (Jackson, 2000). CSH is mainly 

focused on critique and analysis of boundaries of a system. It will help the leader make 

decisions on how to do things and what ought to do. CSH stands for three major 

concerns: critical, heuristics, and systems. First, to be critical, Jackson refers to it as 

reflecting on the value assumptions that entering the systems since there is no single right 

answer to solve issues (Jackson, 2003). Heuristics refers to a process of discovery 

problem aspects, assumptions, questions to help the stakeholders to reveal solution 
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strategies through critical reflection. Lastly, systems refers to “the totality of the relevant 

conditions upon which theoretical or practice judgements depends” (Jackson, 2000). 

In the Critical Systems Heuristics approach, twelve critically heuristic categories, 

or four theoretical set of concepts, arise from four based group of questions to create a 

system judgment and boundary (Ulrich & Reynolds, 2010). Using the twelve boundary 

questions will establish the fundamental distinction from stakeholders between client, 

decision maker, and planner, which are those involved in the project and those affected 

but not involved, versus witness, which are those affected but not involved (Jackson, 

2000). This set of questions will help reveal normative contents to the source of 

motivation (client), source of control (decision maker), source of expertise (planner), and 

source of legitimation (witness). Based on all the answers revealed it will become clear to 

the leader and finally lead to conclusions about what ought to be done.  

Because systems thinking is a broad field that acknowledges and deals with the 

complexity of the real world, CSH is necessary to provide a framework of questions 

about an E3 project that includes what is its purpose and its source of legitimacy and who 

are its intended beneficiaries. In this research, the CSH is used in the human activity 

systems survey application to collect and identify different stakeholder views.  

 

2.7 Human activity systems survey Research 

Human activity systems survey research is a powerful tool that researchers use to 

accumulate data. Kotrlik & Higgins states, “A common goal of human activity systems 

survey research is to collect data representative of population” (Kotrlik & Higgins, 2001). 

Available human activity systems survey solutions have led to extensive use of 

quantitative human activity systems surveys to collect, analyze, and use data to formulate 

strategies to the problem. It provides critical information to researcher in order to 

construct a solution to the research proposal. While there are many forms of human 

activity systems survey, it seems that web human activity systems surveys provide the 

most benefits compared to others. According to Schmidt, the greatest benefit of web 

human activity systems survey is the access to the population of individuals (Schmidt, 
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1997). Other advantages also included cost and time. However, there are a number of 

weaknesses in carrying out human activity systems survey research on the web. It can 

result in unacceptable and incorrect data, missed opportunity, and low response rate 

(Schmidt, 1997). Yet, Tourangeau states “the commercial research sector has rapidly 

embraced the Web for faster and cheaper data collection, and almost daily there are 

reports for new human activity systems surveys being conducted over the Internet 

(Tourangeau, 2004).”  

2.7.1 Cronbach’s Alpha 

Cronbach’s alpha is a statistic use as a measure of internal consistency or reliability of a 

human activity systems survey instrument (Peterson, 1994). Web human activity systems 

survey methodology studies the sampling of organizations from a human activity systems 

survey data collection, questionnaire construction, and methods for validation and 

reliability. Reliability is a measure of the degree to which concerns with consistency of 

research instrument while validity is a measure of the degree to which concerns with 

what the instrument is intended to measure (Tavakol & Dennick, 2011). According to 

Peterson, Cronbach’s coefficient alpha is the most widely used tool to measure the 

reliability scales (Peterson, 1994).  

Generally, the alpha maintain its value between 0 and 1, although it can be a 

negative value. There are many reasons why Cronbach’s alpha could be low or even 

negative even for a perfectly valid test. One main reason is the reverse coding (Field, 

2009). The reverse coding means the questions may ask the same thing but with different 

wording or phrase the opposite way around to all other questions, which requires the 

opposite response. In reliability analysis these reverse scored items make a difference in 

the extreme which can lead to a negative Cronbach’s alpha (Field, 2009). Therefore, the 

scoring of the questions need to be reversed in order for Cronbach’s alpha to work 

properly.  
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Chapter 3 

3 Methodology 

 

The purpose of this chapter is to provide an outline of the methodology used in this 

research. This chapter provides details on how the research uses an E3 case study to 

generate root definitions, following the first three stages of Soft Systems Methodology. 

 

3.1 Stage 1: Problem situation 

To begin the Seven Stages Model, the first step is accomplished in tandem with the goal 

of turning an unstructured problem into an expressed problem situation (Checkland, 

1985a). To achieve this, information must be gathered about structure and processes 

through observation and informal interviews as well as collection of secondary data (e.g. 

meeting minutes) (Flood & Jackson, 1991a). In this research, stage 1 was accomplished 

through the E3 kick-off roundtable and “A theoretical framework for the design of an 

energy analysis collaborative structure using soft system methodology” proceeding of the 

American Society for Engineering Management 2014 International Annual Conference 

by Chongvilaiwan, Calvo-Amodio, & Junker (2014), Appendix A. The formal roundtable 

meeting was conducted to develop understanding of each individual’s activities, 

determine the objectives of the project, and the key stakeholders in the project while the 

conference paper discussed a proposed approach to identify the current stakeholders and 

the gaps between each stakeholders to gain better knowledge of the cohesive whole using 

Soft System Methodology and interview process to create root definitions.  

 

3.2 Stage 2: Rich Picture - Human activity systems survey 

All information gathered in stage one is then brought together by the analyst, who was an 

observer during the roundtable meeting, to form a rich picture in stage two. A rich picture 

is defined as the expression of a problem situation. According to Checkland, “Its 

rationale lies in the fact that the complexity of human affairs is always a complexity of 
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multiple interacting relationships; and pictures are a better medium than linear prose for 

expressing relationships” (Checkland, 2000). 

 

In this research, an alternative approach to a rich picture is proposed in human 

activity systems survey form. The human activity systems survey will be used as a 

participative tool to collect data to develop root definitions. The human activity systems 

survey was developed as an alternative method in stage 2 because conducting a rich 

picture will be time consuming and impractical for stakeholders, especially in a large 

collaborative group. In this research, the data collection process is the most important 

step in order to identify the information from potential stakeholders in the E3 project.  

  

Typically, a rich picture is used to identify the underlying weltanschuugen 

existing in a system, Figure 3 shows an example of a traditional rich picture. Similarly, 

the proposed human activity systems survey is intended to identify the underlying 

Transformation and Weltanschauung constructs. 

 

 

Figure 3: Rich Picture of Stakeholder Interactions 
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3.2.1 Human Activity Systems Survey Creation 

For this research, CATWOE is applied to a set of human activity systems survey 

questions for stakeholders of the E3 project, Appendix B. Each stakeholder involved in 

the E3 project was asked to complete the human activity systems survey questions 

regarding information they encounter. These questions are used to explore information 

such as their understanding of the E3 project, deliverables each stakeholder offer, and 

organizational technical specifications. It also used to explore the internal and external 

factors that affect them. Each E3 stakeholder was asked whether their organization 

prioritizes their projects the same way or if they have the same motivation to complete 

the E3 project successfully. The human activity systems survey also seeks the challenges 

that maybe encountered during the E3 project that stakeholders might experience. 

Finally, the human activity systems survey questions also ask if the organizations 

recognize their competitive advantage. This question exposes aspects of the organizations 

that are paramount to maintain and nurture. The model must characterize the designed 

communication network to allow for the organizations’ competitive advantage to 

maintain merit.  

 

Table 2 lists each human activity systems survey question and its corresponding 

categories within the CATWOE. Each CATWOE element represents a construct within 

the human activity systems survey. The Transformation and Weltanschauung constructs 

are the largest considered by most questions connected with it as it is considered the most 

important in this research as well as in SSM (Checkland, 1999). This Weltanschauung, or 

world view, allows researchers to view the problem from other points of view, and 

therefore requires multiple questions to understand multiple perspectives. 
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Table 2: Human Activity Systems Survey Questions and Associated CATWOE 

Categorization 

Survey Questions C A T W O E 

Section 1: Project Background 

My organization has a clear understanding of the E3 project goals           x 

My organization knows the needs of the E3 project           x 

Being part of an E3 team will be beneficial to my organization       x     

My organization in interested in improving performance        x     

The use of performance metrics improves the performance of my 

organization  
          x 

My team will be an active partner in the E3 project   x         

Balancing short and long term goals is important to my organization       x     

My organization provides an assessment for customers     x       

My organization provides training for customers     x       

My organization provides recommendation reports for customers     x       

My organization provides solutions related to energy problems     x       

My organization provides solutions related to economic problems     x       

My organization provides solutions related to environmental problems     x       

Section 2: E3 Project Stakeholders 

Industry clients will benefit from the E3 project x           

EPA will benefit from the E3 project x           

My organization will benefit from the E3 project x           

My organization will work closely with other stakeholders involved in 

the E3 project 
  x         

My organization will work closely with EPA   x         

My organization will work closely with the customer   x         

Section 3: Challenges 

Lack of commitment and support from other stakeholders involved in 

the project 
    x x     

Lack of effective communication among project’s stakeholders     x x     

Unsupportive organizational culture for change     x x     

Misunderstanding of E3 project’s goals     x x     
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Table 2: Human Activity Systems Survey Questions and Associated CATWOE 

Categorization (Continued) 

Survey Questions C A T W O E 

Section 4: Organizational Technical Specifications 

The program director is in charge of my organization         x   

A State agency is in charge of my organization          x   

My organization is a non-profit organization           x 

My organization is a government service agency           x 

My organization has expertise in economic  assessment and/or analysis       x     

My organization has expertise in energy  assessment  and/or analysis       x     

My organization  has expertise in environmental assessment and/or 

analysis 
      x     

 

The human activity systems survey questions in this research are based on the set 

of interview questions developed for the project leader, who has an extensive knowledge 

of each stakeholder and its interaction with the E3 project, to identify the understanding 

of the four stakeholders in the E3 case study, Table 3 (Chongvilaiwan et al., 2014).  

 

Table 3: Interview Questions and Associated CATWOE Categorization 

 C A T W O E 

What is their core set of expertise(s)?       x     

What do they provide to the customer (before and after stage of the 

participant)? 
    x       

What are the needs of industry?       x     

How do they engage with industry?       x     

What type of business model do they have?       x     

Who are they working for? x           

Who is in charge?         x   

Who do they partner with actively?   x         

Which external factors have an effect on them, but cannot be 

controlled? 
          x 

What does each potential member think about the E3 project?           x 

Do they see competitive advantage?           x 

 

For this research, the customer may be different for each interested party. The 

initial customer question, ‘Who are they working for’, focuses on understanding the 
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primary clients in each of these cases. This creates an opportunity to gain a holistic view 

of the entire system by creating a network of client-provider interactions. Also, the 

potential stakeholders in the E3 project each have a different Owner that need to be 

considered. These entities must have a positive view of the conceptual model and be 

involved with the project in order to ensure a successful transition from conceptual model 

to real world application.  

 

The human activity systems survey questions related to transformations were 

developed to identify the activities provided by the stakeholders (Actors). These 

questions focus on what activities are done before and after interaction with the client and 

is therefore beneficial in understanding what Transformation is required to result in the 

final goal of a strong communication structure. 

 

Moreover, the majority of the human activity systems survey questions were 

developed to capture as many relevant perspectives as possible (weltanschauungen). The 

questions are searching for insight into the interested parties’ perspective, which allows 

the researchers to better understand what criteria should be focused on when developing a 

model. These questions also seek to understand the interests of industry and possible 

future customers. In this case, the researchers pursue an idea of what values are important 

to each stakeholder. The final conceptual model will be stronger and better accepted by 

the E3 stakeholders if it aligns with the values of its Actors.  

 

In addition to the Weltanschauung, knowledge of the Owner also provides 

researchers with an understanding of the values that are expected to be upheld with the 

model. These interactions are where communication is key and must be nurtured to result 

in seamless transactions of information. 

 

Finally, the human activity systems survey questions regarding Environmental 

Constraints were used to identify any outside elements that impact or could limit the 

system. The environmental constraints could be interpreted in many ways, including 
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time, resource, competitive advantages, and even project definitions. The questions were 

also designed to verify if the E3 stakeholders have an interest or motivation to participate 

in the E3 project successfully. 

 

3.3 Integration of Research Finding 

Stage 3 builds upon what was discovered in stage 1 (roundtable meeting) and stage 2 (the 

creation of human activity systems survey) by developing the collected data into clear 

and concise verbal statements, or root definitions (Flood & Jackson, 1991a). These root 

definitions are vitally important to the Seven Stages Model as they lay a baseline for the 

entire project. They provide an overview of what is to be done, who will do it, who will 

benefit or suffer from it, and what environment constraints will limit the resultant actions 

(Flood & Jackson, 1991a). To help categorize the root definitions and ensure no party is 

forgotten, the tool CATWOE is utilized. 

 

3.4 Hypotheses 

Questionnaires are common data collection methods in evaluation research. It helps 

gather information on knowledge, opinions, behaviors, attitudes, and facts about the 

system. Therefore, it is important to validate the reliability of these questions itself.  

 

Research Question 1  

Research Question 1: Can the CATWOE elements be identified through the human 

activity systems survey? 

Sub-question 1.1: Can the human activity systems survey capture diversity of 

opinion within each construct?  

Sub-question 1.2: Can the human activity systems survey provide accurate 

information to identify different stakeholder views? 
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Research Question restated as hypotheses  

Hypothesis 1.1: The human activity systems survey captures diversity of opinion 

within each construct 

Hypothesis 1.2: The human activity systems survey provides accurate information 

to identify different stakeholder views 

 

3.4.1 Hypothesis 1.1: The human activity systems survey captures diversity of opinions 

within each construct 

In the human activity systems survey, response variance is an important part of 

measurement error (Ghosh, 2009). Variance is a very important part of interpreting data 

so that you can draw meaningful conclusions from the data. In this research, variance is 

important because it allows us to measure the dispersion of a set of variables around the 

mean. If a set of results are highly dispersed, it means there are differences in 

stakeholders’ perspective which align with the research assumptions.  

Variance, Var(X), measures how far a set of numbers is spread out. Var(X) is 

always non-negative. It can be calculated as 

𝑉𝑎𝑟(𝑋) = 𝐸(𝑋2) −  𝐸(𝑋)2 

where E(X) is the expected value of a random variable X. The variance must be 

equivalent to or great than one to claim if captures enough diversity of opinions. The 

value of 1 for the variance is set because a Likert scale of seven was used in the human 

activity systems survey. If the variance is greater than one, then the responses exist in 

both the upper and lower quartile. Table 4 provide the testable null hypothesis 1.1 

 

 

 

 

 

(Eq.1) 
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Table 4: Testable Hypothesis 1.1 

Construct 
Test 

Accepted Preferred 

C 𝐻01.1
: 𝜎𝐶

2 ≥ 0 𝐻01.1
: 𝜎𝐶

2 ≥ 1 

A 𝐻01.1
: 𝜎𝐴

2 ≥ 0 𝐻01.1
: 𝜎𝐴

2 ≥ 1 

T 𝐻01.1
: 𝜎𝑇

2 ≥ 1 𝐻01.1
: 𝜎𝑇

2 ≥ 2 

W 𝐻01.1
: 𝜎𝑊

2 ≥ 1 𝐻01.1
: 𝜎𝑊

2 ≥ 2 

O 𝐻01.1
: 𝜎𝑂

2 ≥ 0 𝐻01.1
: 𝜎𝑂

2 ≥ 1 

E 𝐻01.1
: 𝜎𝐸

2 ≥ 0 𝐻01.1
: 𝜎𝐸

2 ≥ 1 

 

3.4.2 Hypothesis 1.2: The human activity systems survey provides accurate information 

to identify different stakeholder views 

 

Lee Cronbach developed coefficient alpha in 1951 to measure the internal consistency of 

a multi-items test which describe the similarity of the test concept or construct (Tavakol 

& Dennick, 2011). The alpha is expressed in form of a number between 0 and 1, and the 

analysis can be performed by SPSS software. The alpha value should be calculated for 

each of the constructs rather than for the entire test, human activity systems survey 

questionnaires, if the test has more than one construct. This is because the larger number 

of questions will cause a decrease in the value of alpha, which leads to a poor estimate of 

reliability.  

 

By far, coefficient alpha has shown to be the most commonly used as an estimator 

of internal consistency. It is formulated as 

𝛼 = (
𝑘

𝑘−1
)(1 − ∑

𝜎𝑖
2

𝜎𝑠
2

𝑘
𝑖=1 )  

where k is the number of items (questions) in the scale, 𝜎2is the variance of the item i 

and scale s (Peterson, 1994). As mentioned earlier, the value of alpha normally range 

between 0 and 1. The closer Cronbach’s alpha coefficient is to 1.0, the greater the 

(Eq. 2) 
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reliability of the items. In other words, Cronbach’s Alpha increases when the correlations 

between the items increase. George & Mallery (2003) provide the following rules of 

thumb: “_ > .9 – Excellent, _ > .8 – Good, _ > .7 – Acceptable, _ > .6 – Questionable, _ > 

.5 – Poor, and _ < .5 – Unacceptable” (George & Mallery, 2003). While making 

underlying assumptions, it should be noted that the value of alpha could be affected by 

the amount of questions and interrelatedness of questions in the construct. For example, 

the coefficient alpha should increase as the number of questions and the interrelatedness 

of questions increase. Thus, an alpha value of 0.9 is recommended as a maximum 

(Tavakol & Dennick, 2011). 

Testable hypothesis 

𝐻01.2
: 𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖 ≥ 0.7 ∝ ; 𝑖: {𝐶𝐴𝑇𝑊𝑂𝐸}  

 

Research Question 2  

Research Question 2: Can the human activity systems survey identifies distinct 

stakeholder perspectives that will lead to create at least two root definitions? 

 

Research Question restated as hypotheses  

Hypothesis 2: The human activity systems survey identify distinct stakeholder 

perspectives that will lead to create at least two root definitions 

3.4.3 Hypothesis 2: The human activity systems survey identifies distinct stakeholder 

perspectives that will lead to create at least two root definitions 

 

CATWOE formulates the root definitions into six categories that help researchers 

maintain a broad understanding of all stakeholders in the project. Flood and Jackson 

suggest that Ts and Ws be considered first because these focus on the process, what it is 

doing, and why it is being done (Flood & Jackson, 1991b). Initially understanding the 

process benefits researchers in that a greater understanding of the project is developed 

before focusing on the other four categories. As mentioned early, the assumptions of this 

research is the diversity of stakeholder’s perspective, pluralism. The E3 project must 

(Eq. 3) 
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contain more than one opinion in order to bring agreement by consensus. Therefore, the 

number of root definitions generated from the human activity systems survey should be at 

least two root definitions to express the minimum diversity of stakeholder’s perspective.  

 

Testable hypothesis 

𝐻02
: 𝑇 ≥ 2 , 𝑊 ≥ 2 

 

3.5 Research validity  

The theory of validity provides a useful scheme for assessing the quality of research 

conclusions (Johnson, 1997). Whenever the measurement or observation are conducted, it 

is concerned that whether the analyst is measuring what is intended to measure or how 

the observations are influenced by the circumstances in which they are made. In the 

research, there are many factors that affect the validity: population, setting, environment 

variables. In this research, the validity applies to the design of the human activity systems 

survey and the data collected by the human activity systems survey. The hypotheses 

provided in the section 3.4 are used to confirm the validation of both the design of human 

activity systems survey and the data collected. When the methodology framework is 

applied to a similar collaborative structure, the hypotheses will be used to validate the 

data and the human activity systems survey tool. If the results of applied application pass 

the hypotheses, the participative approach used in the human activity systems survey and 

the data collected are valid. Therefore, the methodology framework can be applied to the 

similar collaborative structure.  

 

3.6 Research Replicability  

The concept of replicability refers to the extent to which a research framework is 

consistently repeatable. In this research, the methodology framework is applied to E3 for 

the targeted or similar industries. Likewise, it can also be applied to similar project of 

collaboration in organizations, with variation in the size of the collaboration. Although, 

there is the total of 12 stakeholders involved in the E3 project, the methodology 

(Eq. 4) 
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application can be applied to a larger size of collaborative organizations. The alternative 

method used during SSM’s stage two is capable to captures the diversity of all 

stakeholders. However, there is a limitation to the number of stakeholders involved in the 

project. As the number of stakeholders in collaboration increases, the more complex and 

complication the systems is. Therefore, the participative approach in the human activity 

systems survey may not work as efficient once the number of participants reaches the 

system boundary. 
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CHAPTER 4 

4 General Findings 

 

This chapter provides a summary of research finding including the steps taken and the 

accomplishment of this research from the first three stages of Soft Systems Methodology 

to identify CATWOE root definitions. 

 

4.1 Stage 1: Finding Out About the Situation 

Based on the first stage of the E3 case study project, data was convened through a formal 

regional E3 roundtable. The meeting included state agencies in the region and industry 

sectors which have the potential to be a part of the E3 project. There were a total of 

twenty attendees. An objective of the roundtable meeting was to develop understanding 

of each individual’s activities, determine the objectives, and the key stakeholders in this 

project. Appendix C and Appendix D present the EPA E3 Grant Proposal and Oregon E3 

Roundtable Attendance. 

 

4.2 Stage 2: Conducting the Human activity systems survey 

In order to obtain information from stakeholders, the human activity systems survey was 

conducted online using Qualtrics human activity systems survey software provided by 

Oregon State University, Appendix B. The human activity systems survey questions were 

organized into four main sections: project background, project stakeholders, challenges, 

and organizational technical specifications. Stakeholders were asked to complete this 

human activity systems survey within three weeks.  After receiving the human activity 

systems survey outcomes from stakeholders, it was necessary to analyze them by each 

CATWOE categories. This helped the researcher understand the current system as a 

whole rather than each stakeholder individually.  
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4.2.1 Hypothesis 1.1 Analysis 

The variance of responses within each construct was intended to measure the dispersion 

of the survey results. The variance was calculated based on the result within each 

CATWOE elements. Table 5 describes variance results for each survey’s construct. 

 

Table 5: Variance Results within Human Activity Systems Survey Constructs 

Constructs Variance 
Hypothesis 

Result 
Interpretation 

C 0.374 Reject  

The responses are consistent and close to 

the mean. There is no diversity in 

stakeholder's perspectives. The stakeholders 

believe that the system has the same 

customer. Note: Rejection of null hypothesis 

is not detrimental to the analysis of C 

A 0.164 Reject  

The responses are consistent and close to 

the mean. There is no diversity in 

stakeholder's perspectives. The stakeholders 

believe that the system has the same actors. 

Note: Rejection of null hypothesis is not 

detrimental to the analysis of A 

T 4.719 Fail to Reject 

The responses are very spread out around 

the mean. There is diversity in stakeholder's 

perspectives. The stakeholders believe that 

there are many transformations within the 

systems.  

W 2.916 Fail to Reject 

The responses are spread out around the 

mean. There is diversity in stakeholder's 

perspectives. The stakeholders believe that 

there are many Weltanschauung within the 

systems.  

O 3.675 Fail to Reject 

The responses are very spread out around 

the mean. There is diversity in stakeholder's 

perspectives. The stakeholders believe that 

there is more than one owner within the 

systems. Note: Rejection of null hypothesis 

is not detrimental to the analysis of O. 

E 4.889 Fail to Reject 

The responses are very spread out around 

the mean. There is diversity in stakeholder's 

perspectives. The stakeholders believe that 

there are many environmental constraints 

within the systems. Note: Rejection of null 

hypothesis is not detrimental to the analysis 

of E. 
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Qualtrics provided results in numeric form and the variances were calculated by 

SPSS Software. When the value shows all variances are greater than 1, it means the 

hypothesis 1.1 stands. In this research, the main focus is on the W and T elements, which 

is proven to be valid.  

 

 Although the variance for construct C and construct A failed the hypothesis test, it 

doesn’t have negative impacts on the information collected by the human activity systems 

survey. Based on this hypothesis analysis, the analyst concludes that the systems may 

have different weltanschauung, transformations, owners, or environmental constraints; 

however, the system has an agreement on the same customer and actors who provide 

activities for the system. 

 

4.2.2 Hypothesis 1.2 Analysis 

Cronbach’s alpha was developed to measure the internal consistency of the human 

activity systems survey construct. Each stakeholder were asked to respond to the 

statement using a seven-point Likert scale ranging from 1 (Strongly Disagree) to 7 

(Strongly Agree). The alpha values were calculated using SPSS Software. Each construct 

were group based on the CATWOE elements, where Table 2 lists each question and its 

corresponding categories within the CATWOE to create a testing construct. Table 6 

shows the number of questions grouped for each construct and its alpha value.  

 

Table 6: Alpha Construct Metrics 

Constructs Number of Questions Alpha Value Hypothesis Result 

C 3 0.886 Fail to Reject 

A 4 0.779 Fail to Reject 

T 10 0.730 Fail to Reject 

W 10 0.815 Fail to Reject 

O 2 -0.542 Inconclusive  

E 
3 0.890 Fail to Reject 

2 -4.684 Inconclusive 
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Cronbach’s alpha reliability coefficient normally ranges between 0 and 1. However, 

there is actually no lower limit to the coefficient. Based on the hypothesis 1.2, the 

acceptable alpha value must be equivalent to or greater than 0.7. This means the construct 

C, A, T, and W failed to reject the hypothesis. Given the nature of this research, an alpha 

value greater or equal to 0.7 is considered good. 

 

As mentioned earlier, it is possible to have negative alpha value due to reverse 

coding. Construct O has an alpha value of -0.542. According to the two questions in O 

construct, the question asked the same thing, but it required opposite response. Therefore, 

the alpha value for this construct is still acceptable.  

 

 Table 5 shows that construct E provided two set of alpha values. This due to the 

diversity of the human activity systems survey questions. The first sub-construct E 

provides an alpha value of 0.89, which considered excellent; the human activity systems 

survey provide accurate information. On the other hand, the second set of construct E 

provides an invalid alpha value of -4.68. Below is the lists of questions for each sub-

construct E: 

 

1st sub-construct (∝ = 0.89) 

 My organization has a clear understanding of the E3 project goals 

 My organization knows the needs of the E3 project 

 The use of performance metrics improves the performance of my organization 

 

2nd sub-construct (∝ = −4.68) 

 My organization is a non-profit organization 

 My organization is a government service agency 

In that case, the three questions contain in the first sub-construct E can still be used 

while the other two questions in the second sub-construct E are considered as 

informative. 
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4.3 Hypothesis 2 Analysis  

Stage three is comprised of web human activity systems survey questionnaires used to 

understand each entity’s connection with the seven categories in the CATWOE 

methodology. Then the results from the human activity systems survey are converted into 

root definitions which concisely detail the involved stakeholder’s connection with the E3 

project in multiple classifications. Table 7 is the summary of the from human activity 

systems survey’s results.  

 

Table 7: Summary of Human Activity Systems Survey Findings 

Human activity systems survey Findings 

Customer  

The majority of the human activity systems 

survey outcome shows that the customer of 

the E3 project is industry client, which are 

affected by the project’s activities. 

However, some stakeholders stated their 

customer is the environmental protection 

agency. These two customers are 

compatible and can be combined into root 

definitions. 

 

 Industry client and/or 

EPA 

Actors 

The actors includes all stakeholders 

involved in the E3 project; stakeholders in 

the project and EPA. These two actors are 

compatible and can be combined into root 

definitions. 

 Stakeholders 

involved in E3 and 

EPA 

 

Transformation 

The activities that carried out by the actors 

for the E3 project consist of an 

assessments, training, or recommendation 

reports for the customer related in the 

energy, economics, and environmental 

areas. Some stakeholder may only provide 

an assessments for the client, or they may 

provide a combination of these activities.   

 

 Assessments 

 Training 

 Recommendation 

report 
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Table 7: Summary of Human Activity Systems Survey Finding (Continued) 

Human activity systems survey Finding 

Weltanschauung 

The perspective identified by the human 

activity systems survey can be view in both 

positive and negative lights. Most of the 

stakeholder believe that the industry client 

will benefit from the project. They also 

believe that being part of E3 will be 

beneficial to their organization. 90% of the 

stakeholder has expertise in at least one of 

the 3 Es (Energy, Economic, and 

Environmental). Also, the communication 

was defined to be a problematic. The 

stakeholders experienced that there are 

lack of communication and commitment 

among project’s stakeholders. 

 Expert in energy, 

economics, and 

environmental 

 Beneficial to 

stakeholder 

organizations and 

industry client 

 Lack of 

Communication 

 

Owner 

The owner of the E3 program could be 

either the state agency or the program 

director. They are the one that could stop 

the activities from taking place to the 

system.  

 State Agency 

 Program Director 

 

Environmental 

Constraints 

The outcomes of the human activity 

systems survey show that the stakeholders 

have a very little understanding of the goal 

and the needs of the project to begin with. 

Some of these organizations are a 

government service agency and profit 

organization, vice versa. However, all 

stakeholders agree that the use of 

performance metrics improves 

performance.   

 Government service 

agency 

 Profit/Non-profit  

 Use performance 

metrics 

 Limited 

understanding of 

project goals and 

needs 

 

 

4.3.1 Resulting Root Definitions 

In a complex system, it is required to have a clear definition of the purposeful activity to 

be modeled into a root definition, where Weltanschauung (W) is the most important part 

in the methodology (Checkland, 2000). It is important to consider the system from the 

perspective of different W because it helps the organizational leaders see Transformation 

(T) from a variety angles. Therefore, these root definitions are constructed around an 
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expression of Weltanschauung and a purposeful activity as a transformation process. 

Below is the lists of root definitions.  

 

Root Definition 1 

The E3 is a communication system owned by state agencies that provides activities such 

as assessment, training, and/or recommendation report by stakeholders involved in the E3 

project who specialize in energy, economics, and/or environmental aspects for the 

industrial and state client, while the activities are carried out with a limited understanding 

of project goals and needs. 

 

Root Definition 2 

The E3 is a communication system owned by a program director that provides activities 

such as assessment, training, and/or recommendation report by stakeholders involved in 

the E3 project where they believe that the program is beneficial to project stakeholder and 

the client, while the activities are carried out with a limited understanding of project goals 

and needs. 

 

Root Definition 3 

The E3 is a communication system owned by profit and non-profit state agencies that 

provides activities such as assessment, training, and/or recommendation report by 

stakeholders involved in the E3 project where they believe that the program is beneficial 

to project stakeholder and the client, while the activities are carried out with a limited 

understanding of project goals and needs because of the lack of communication within 

the system. 
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Chapter 5 

5 Conclusion and Future Work  

 

This section provides the conclusions drawn from this research and prove as a base for 

future research to work on.  

 

5.1 Conclusions 

The overall research work was able to answer the three research questions posed. The 

information collected by the human activity systems survey is accurate and is capable of 

identifying different stakeholder views. The human activity systems survey provides 

valid information to create root definitions based on the constructs’ Cronbach alpha 

scores. These research sub-questions have been proved by the hypothesis 1.1 and 1.2 

analysis. The results of the analysis failed to reject the null hypothesis, where the 

variance of the responses are greater than 1 and the constructs alpha value are acceptable. 

The information collected by human activity systems survey provide useful perspectives 

to generate 3 root definitions. Moreover, it is confirmed that communication presents the 

largest obstacle to create a successful E3 structure by deliberated after the roundtable 

meeting.  

 

In situations that deal with human activities and do not have a agreement within 

collaborative organizations, “SSM is a methodology best suited to overcome problem 

situations that involve mainly human interactions that impede the process (Calvo-Amodio 

et al., 2010).” However, the E3 project is a project that mainly involves human activity 

and can be describe as a complex system which is difficult to manage due to 

communication breakdowns that often exist in collaborative organizations. Based on this 

research, a participative approach is needed in conjunction with the soft systems 

methodology in the E3 collaborative organization. This will provide an application to 

capture more of the E3 stakeholders’ perspectives. The use of the human activity systems 

survey as participative complementary approach to SSM was particularly useful in 
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drawing out issues. It shows how a lack of communication can have negative impacts on 

the E3 project. This research indicates that a participative approach can be integrated into 

SSM’s stage 2 to captures stakeholder weltanschauungs and create root definitions 

between diverse stakeholders. 

 

Three out of the seven stages of the Soft System Methodology have been 

completed for this research. These stages include defining the project, producing human 

activity systems survey to collect data, and analyzed data to develop the root definitions. 

These root definitions can be transformed into conceptual models in the following stage 

of SSM. Conceptual models identify the minimum activities describe necessary to human 

activity system. The remaining SSM stages are outside of the scope of this research, since 

they have been proven to work (Checkland, 1999). 

 

5.2 Future Work 

This research study presents the first three stage of the design of the collaboratory 

organization through the application of SSM’s stage one through three, resulting on root 

definitions derived from each stakeholders’ CATWOE. The root definitions will then be 

applied to a future conceptual model that will fulfill the communication requirements of 

all interested entities. This will be achieved by following the Seven Stages Methodology 

along with boundary critique. 

 

5.2.1 Stage 4 

In Stage 4, the root definitions created in Stage 3 are developed into the conceptual 

model. This conceptual model is what the system must accomplish to fulfill the 

requirements of the root definitions (Flood & Jackson, 1991b). The model is formed by 

either using the minimum number of activities that are needed to fulfill the tasks required 

by the root definitions, or listing the activities in a logical order to result in a diagram to 

represent the model (Chilvers, 2000). The conceptual model usually consists of named 

activities linked together by arrows that demonstrate some form of logical dependency 
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between those activities. Checkland warns that researchers maintain a partiality to 

describing real-world systems for the conceptual model, rather than producing novel 

solutions (Checkland, 1999). Falling into this commonality limits the benefits of the 

Seven Stages, as they are meant to garner radical ideas that are not generally thought of.  

 

5.2.2 Stage 5 

Stage 5 is a comparison between the resultant conceptual model of Stage 4 and the 

current state description produced in Stage 2 (Chilvers, 2000) . The primary issue lying 

with Stage 5 is to recognize when to stop the creation of the conceptual model and move 

onto the comparison (Checkland, 1999). Checkland argues that it is best to move to Stage 

5, even if the conceptual model is not completely finalized. The model can be revisited as 

new information or knowledge is obtained as commonly results from the comparison of 

Stage 4 and Stage 2. Also discussed in Checkland’s work are four different options or 

approaches to the comparison. For this research, a gap analysis will be performed to 

understand where the major variability is within the two systems. This will result in a list 

of communication activities that are different in the two systems and will lead to Stage 6. 

 

5.2.3 Stage 6 

Stage 6 is closely tied to Stage 5, in that it uses the differences recognized in the gap 

analysis to warrant a discussion about the feasibility of implementing changes 

(Checkland, 1999). These changes should attempt to mitigate the variances between the 

conceptual model and real-world situation. Checkland points out that this stage often 

results in problems with the root definitions being brought out. The beauty of the Seven 

Stages Model is that researchers can return to any previously completed stage to update it 

based upon new information. The product of Stage 6 is a compilation of changes that 

need to be implemented to convert the real-world to the conceptual model. The real-

world will never perfectly align with the conceptual model, so special attention should be 

paid to those changes that make the most impact with the least effort required.  
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5.2.4 Stage 7 

Stage 7 is simply the implementation of those changes identified in Stage 6 (Chilvers, 

2000).  Ideally, Stage 7 should be carried out methodically to create the most impact to 

the system with the least effort, as stated under Stage 6. An ‘implementation schedule’ 

can be developed that lists the changes in terms of both implementation ease and 

feasibility. Those changes that are both difficult to implement and impractical should be 

either ignored, or at a minimum, left until the end of the implementation phase. 

 

This research serves as an exploratory study within a broader range of work 

around the topic of Soft Systems Methodology. Interacting with multiple entities can be 

dysfunctional and complex due to poor communication channels and diverse assumptions 

in regards to psychologies, socials, and cultures. The research work has developed a 

methodology to collect evidence from potential stakeholders to create root definitions, 

which can lead to the creation of communication structure that could be used by a 

collaborative project leader. This CATWOE root definition gives the project leader an 

insight of the underlying assumptions, interests, and belief of each stakeholders to help 

the leader find the focal point for all stakeholders to collaborate. 
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Abstract  

Small business energy analysts often specialize in one aspect of the energy analysis business.  It is done by 

necessity due to scarcity of resources and to maintain a proprietary market niche.  However, the same 

approach results in a growth inhibitor due to their lack of ability to address all the potential clients’ needs.  

Moving to a multiple entity collaborative approach should be the logical step forward.  Yet, interacting with 

multiple entities that do not communicate with each other well can be dysfunctional and unsatisfying for 

themselves and most importantly for clients. When multiple interests and beliefs are in place, soft systems 

methodology (SSM) can assist leaders to find the “middle” ground for all participants to collaborate.  The 

goal of this study is to present a theoretical framework for the design of an energy analysis collaborative 

structure using soft systems methodology.  The resulting theoretical framework should assist the 

collaborative leaders to perform a systemic analysis of processes in the targeted industry sectors to improve 

internal communication through an understanding of psychological, social, and cultural perspectives. In 

addition, SSM will be applied to explore the strategic design of an organizational structure to assist E3 

(Economic, Energy, and Environment) practices and principles.  The resulting model will shed light for 

engineering managers confronted with the creation and management of collaborative efforts on key aspects 

to observe. 

 

Keywords 
Hard systems, soft systems, action research, soft systems methodology, CATWOE 

 

Background 

Presently, collaborative organizations reach conclusions through different means with little interaction to 

achieve the same end result. Producing a clear definition, completing a project at the same pace, and coming 

to the same conclusions is often challenging due to poor inter-organizational communication.  This can be 

dysfunctional and unsatisfying for the organizations and the clients themselves. This paper uses soft systems 

methodology (SSM) as the guiding methodology to develop a theoretical framework to create an analytical 

collaborative structure. Specifically, SSM will be applied to explore the strategic design of an organizational 

structure to assist E3 (Economic, Energy, and Environment) practices and principles.  

E3 is a federal technical assistance framework used by communities and manufacturers to help 

identify best practices, assessment approaches, and opportunity trends for efficiency improvements. E3 

nurtures a strong relationship within the collaborative organization and between organizations and the 

targeted industry sector. The collaborative structure will be led by Oregon State University’s Energy 

Efficiency Center (EEC) in collaboration with the State of Oregon Department of Environmental Quality 

(DEQ), the Oregon Manufacturing Extension Partnership (OMEP), and the Pacific Northwest Pollution 
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Prevention Resource Center (PPRC). The collaboration between these four stakeholders is complex because 

each stakeholders does not understand what each individual agency programs has to offer.  Furthermore, each 

stakeholder brings their own perspective about what the collaborator endevour should be, how they should 

benefit, and how it should operate. This project will also mount a collaborative effort with other potential 

technical assistance partners to develop a strategy to include them in assisting the E3 targeted sectors.  A 

pluralist and interpretive methodology is required to help understand the current state of the system of 

agencies and assist delineating an “ideal” future state; thus a soft systems approach, in its SSM form, is 

required. 

As an initial step in this research, an analysis of current practices is performed to identify 

organization models and to tackle more structured problems using SSM. A proposed approach to identify the 

current stakeholders is presented. First, the current state of the project will be explored on a deeper level in 

order to apply SSM to the organizational structure. Second, gaps will be identified between each entity to 

gain a better knowledge of the cohesive whole. Third, a human activity systems survey will be designed 

based on the gaps identified in the prior process, and then it will be applied to fill the gaps between entities. 

Lastly, a value proposition will be created to further design the organizational structure to support the E3 

project. Currently, three of the seven stages of the utilized Soft Systems Methodology have been completed. 

 

Literature Review 

Recent research has begun to explore soft systems methodology applications to large organizational 

structures. The systems being analyzed can be identified by two main categories: hard system and soft system 

science. The nature of hard systems considers natural sciences problems, where the system thinker seeks to 

model a well-defined problem and to make possible the efficient achievement of goals or objectives 

(Checkland, 1985b).  It assumes that real world problems can be captured in a system model. On the other 

hand, soft system sciences focus on the social sciences that model human activity systems. Soft systems focus 

on tackling problems that are complex and ill-structured  (Lane & Jackson, 1995). The E3 project framework 

must be especially mindful of soft systems within the concerned organizations as the framework will focus 

on solutions that will be applied to human activities. These soft systems are often complex and ill-defined 

problems that are difficult to apply to a simple model (Calvo-Amodio, Ng, & Galindo, 2009), while hard 

systems are systems that can be modeled in attempt to optimize its performance to reach a predetermined 

goal (Lane & Jackson, 1995). 

 

Action Research 

Both hard and soft systems are applied in action research to validate research through the application of 

theory to real situations and organizations (Avison et al., 1999). Action research is focused on developing 

theory to application through an iterative process between researchers and industry allowing for stronger 

research and greater interest from organizations that could benefit from it. Additionally, action research 

specifies a need for continuous reflective learning as results from the iterative approach (Checkland & 

Holwell, 1998). Action research is necessary to create a collaborative structure for the E3 project as it 

combines multiple entities in industry that will utilize the developed framework. Both iteration and reflective 

learning will be employed to result in a framework that considers all stakeholders involved. 

Soft Systems Methodology 

For this purpose, a methodology framework for action research is required; soft systems methodology, 

developed by Peter Checkland and colleagues at Lancaster University offers a great fit for the problem 

context of interest. This methodology claims to be utilized in complex and ill-defined problem situations as 

well as practical usability for people without technical backgrounds (Mingers & Taylor, 1992). SSM is built 

around the concept of human activity systems that attempts to include all points of view. Focusing on all 
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points of view will be necessary in developing a thorough framework that will unite multiple organizations 

towards one common goal. 

In the SSM methodology, there are two main approaches utilized to solve real world soft systems 

problems. The first methodology is the four main activity principles which may be defined as shown in 

Exhibit 1 below. First, the ideal situation scenarios will be identified. The stakeholder will be asked to provide 

goals of the problems in both cultural and political aspects. Then, in the second activity, the analysts will 

establish the current state of the process in comparison to the ideal models set by shareholders. Third, the 

strategy process to improve the current situation is created to build the ideal models based on all given points 

of view. Fourth, the implementation plan will be developed and applied to the system in order to improve the 

processes (Calvo-Amodio et al., 2009).  

Soft systems methodology can also be presented through a seven stage model, as shown in Exhibit 

1.  The seven stage model of SSM helps explains its flexibility and makes it easy to understand the process 

logistically. The first two stages are required to develop the current situation problem description by 

collecting a large amount of information. During stage three, this information is expressed as a root definition 

and converted to conceptual models in stage four. Once the model is formed, the analysts use the model to 

further understand the situation to compare between the current and ideal model in stage five. In stage six, 

the changes to improve the process will be analyzed based on its fulfillment of desirable criteria and 

implementation feasibility. Lastly, stage seven will take recommendations and suggestions for 

implementation to improve the situation (Checkland, 2000).  

 

Exhibit4. Soft System Science Methodology (Calvo-Amodio et al., 2009). 

 

Soft System Methodology 

Four  Main Activities Principles Seven Stages Model 

1. Figure out about problem situation in all point of view 1. Enter unstructured problem situation  

2. Formulate relevant purposeful activities models 2. Express the problem situation 

3. Debate the situation based on the model to seek changes 

that would  accommodate and improve the situation  

3. Formulate root definitions of relevant 

human activity systems 

4. Implement actions and changes to improve the situation 

process 

4. Build conceptual models from the 

root definitions 

  5. Compare models with real world 

  6. Define desirable and feasible changes 

  7. Take action in problem situation 

 

The Seven Stages Model is preferred over the Four Main Activities Principles because it better 

aligns with the expected framework for the E3 project. The Seven Stages Model follows the action research 

methodology since it is used to apply theoretical models to the real world. In contrast, the Four Main 

Activities Principles focuses less on the comparison of models to the real world, which would result in a 

weaker final analytical collaborative structure.  

 

CATWOE. To further benefit the Seven Stages Model, a technique called CATWOE is used to view a 

problem from different perspectives (Bergvall-Kareborn et al., 2004b). CATWOE is applied in stages three 

and four as this is where a special focus must be placed on all aspects of the problem. Additionally, 

CATWOE places an emphasis on developing novel ideas, which can often be challenging when utilizing 
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SSM alone (Mingers & Taylor, 1992). In application, CATWOE allows the researcher to focus on six key 

elements of a problem, which can reveal perspectives that may have been ignored otherwise. 

 

Soft system methodology uses system models to improve complex, unstructured, and ill-defined 

problems that build around the concept of human activities systems. An SSM that improves current processes 

and provides ideal process situation solutions to the stakeholder is considered a successful SSM. 

Unfortunately, SSM is often considered too time-consuming and complex (Mingers & Taylor, 1992) to 

undertake. However, this ideal should not be quickly assumed because, as Mingers& Taylor suggest, SSM is 

simpler than many other formal methodologies and can be completed rather quickly if needed. Another 

suggested drawback to SSM is that it is unsuitable for managers. To mitigate this shortcoming, which arises 

from hesitancy to participate in something new (Mingers & Taylor, 1992), the positive aspects of SSM should 

be discussed.  

SSM is used in a wide variety of applications and provides numerous benefits with a primary focus 

on providing structure (Mingers & Taylor, 1992). This benefit is seen in multiple aspects including 

structuring the overall study, focusing the original mission, and organizing very complex situations. 

Additionally, SSM leads to a greater understanding of other peoples’ views and improves communication in 

groups. This, in turn, results in the project being completed faster.  

 

Methodology for Preliminary Study 

The methodology described and developed in this section will be applied to the present E3 case study. For 

the current research, a preliminary study is carried out which is applied to the initial stages of this 

methodology. This research focuses on the application of the Seven Stages Model in conjunction with 

CATWOE to develop a novel solution to a complex soft system problem. The Seven Stages Model will be 

used as a framework for creating a communication network between the stakeholders. Each stage is 

thoroughly addressed below in its application to the communication network being defined. 

 

Stages 1 and 2 

To begin the Seven Stages Model, the first two steps are accomplished in tandem with the goal of turning an 

unstructured problem into an expressed problem situation(Checkland, 1985a). To achieve this, information 

must be gathered about structure and processes through observation and informal interviews as well as 

collection of secondary data (e.g. meeting minutes) (Flood & Jackson, 1991a). Data was collected through a 

formal meeting to determine the key stakeholders in this project. 

 

Stage 3 

Stage 3 builds upon what was discovered in Stages 1 and 2 by developing the collected data into clear and 

concise verbal statements, or root definitions (Flood & Jackson, 1991a). These root definitions are vitally 

important to the Seven Stages Model as they lay a baseline for the entire project. They provide an overview 

of what is to be done, who will do it, who will benefit or suffer from it, and what environment constraints 

will limit the resultant actions (Flood & Jackson, 1991a). To help categorize the root definitions and ensure 

no party is forgotten, the tool CATWOE is utilized. 

 

CATWOE. CATWOE formulates the root definitions into six categories that help researchers maintain a 

broad understanding of all stakeholders in a project. The six categories are customers, actors, transformation 

processes, Weltanschauung (view of the world), owners, and environmental constraints. Flood and Jackson 

suggest that Ts and Ws be considered first because these focus on the process, what it is doing, and why it is 

being done (Flood & Jackson, 1991b). Initially understanding the process benefits researchers in that a greater 

understanding of the project is developed before focusing on the other four categories. For this paper, 

CATWOE will be discussed in its mnemonic order for the ease of the reader to remember all categories. 
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For this research, CATWOE is applied to a set of interview questions for the four interested parties 

in this research. Exhibit 2 lists each interview question and its corresponding category within CATWOE. W 

has the most questions connected with it as it is considered the most important in the methodology 

(Checkland, 1999) This Weltanschauung, or world view, allows researchers to view the problem from other 

points of view, and therefore requires multiple questions to understand multiple perspectives.  

 

Exhibit 2. Interview questions and associated CATWOE categorization. 

 

 C A T W O E 

What is their core set of expertise(s)?       X     

What do they provide to the customer (before and after stage of the 

participant)? 
    X       

What are the needs of industry?       X     

How do they engage with industry?       X     

What type of business model do they have?       X     

Who are they working for? X           

Who is in charge?         X   

Who do they partner with actively?   X         

Which external factors have an effect on them, but cannot be controlled?           X 

What does each potential member think about the E3 project?           X 

Do they see competitive advantage?           X 

 

Customers.The customers are those that are affected by the system’s activities, whether that effect is positive 

or negative (Bergvall-Kareborn et al., 2004b). This term can be challenging to apply root definitions to 

because it is easy to forget the non-traditional customers, such as non-human victims like animals or the 

environment. Additionally, the negatively affected customers are more easily forgotten, since researchers are 

focused on the positive impacts of the process changes being enacted. To counteract these challenges with 

defining root definitions, it has been suggested to try to broaden the definition by using the term ‘affectee’ 

(Mingers, 1980)  In application, a balance between being too narrow or too wide must be reached to ensure 

the proper customers are focused on without losing sight of the important perspectives. 

For this research, the customer is different for each interested party. The initial customer question, ‘Who are 

they working for’, focuses on understanding the primary clients in each of these cases. This creates an 

opportunity to gain a holistic view of the entire system by creating a network of client-provider interactions. 

These interactions are where communication is key and must be nurtured to result in seamless transactions 

of information. It should be pointed out that the clients for each party are different. This results in a more 

challenging and intricate network, since information must reach all of these different parties in different 

fashions and at different times. 

 

Actor.The Actor, unlike Customers, is generally straightforward and consistent within the current literature 

(Basden & Wood-Harper, 2006). Actors are those participants who will carry out the activities in the 

conceptual model when applied to reality.  Basden and Wood-Harper suggest that the Actor has not 

historically played an important role in SSM research since they are just acting out the model but not 

necessarily directly impacting it. In application to this research, information about the interested party’s 
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partners is used to understand the array of Actors which will be present in the application of the conceptual 

model.  

 

Transformation. The third category is Transformation, which is the activity carried out by the Actors. The 

Transformation converts the system from the input state to the output state, resulting in an applied model to 

a soft system (Basden & Wood-Harper, 2006). Mingers states that the transformation is vital to SSM because 

it forces the user to fully understand all aspects of the system, including the initial state, transformation 

process, and final state (Mingers, 1992). 

The question in Exhibit 2 for Transformation is focused on the interested party’s provision to the 

customer. This interview question focuses on what is done before and after the visit to the client and is 

therefore beneficial in understanding what Transformation is required to result in the final goal of a strong 

communication system. Clearly outlining the current state will ensure the Transformation is accurately 

developed to change the current system.  

 

Weltanschauung. As stated previously, W, or Weltanschauung, is the most important aspect of CATWOE 

since it focuses on the primary perspectives of the situation and is what gives T significance (Bergvall-

Kareborn et al., 2004b). Selecting the proper perspectives is essential to having a broad understanding of the 

problem, but recognizing these perspectives can often be challenging. Researchers have developed multiple 

ways for categorizing or identifying the proper perspectives, but the general goal is to view the situation in 

both positive and negative lights to ensure an unbiased approach is taken.  

Four interview questions were developed for W to capture as many relevant perspectives as possible. 

The first question about expertise is searching for insight into the interested parties’ perspectives. It allows 

the researchers to better understand what criteria should be focused on when developing a model. The second 

and third question seeks to understand the interests of industry and possible future customers. Finally, the 

fourth W question is again related to the interested parties, but takes a different view. In this case, the 

researchers pursue an idea of what values are important to the parties. The final conceptual model will be 

stronger and better accepted if it aligns with the values of its Actors. 

 

Owner. The Owner is broadly defined as any entity that could stop the Transformation from taking place 

(Bergvall-Kareborn et al., 2004b). This definition can be applied to entities including CEOs, managers, 

implementers, or even terrorists, so it is important to further characterize the Owner. In application, only 

those with formal power to stop the Transformation need to be considered, since those without formal power 

cannot be controlled or reasoned with (Checkland & Scholes, 1990).  

The interested parties in the E3 project each have a different Owner that need to be considered. 

These entities must have a positive view of the conceptual model and be involved with the project in order 

to ensure a successful transition from conceptual model to real world application. In addition to the 

Weltanschauung, knowledge of the Owner also provides researchers with an understanding of the values that 

are expected to be upheld with the model.  

 

Environmental Constraints. Environmental Constraints are any outside elements that impact or limit the 

system (Bergvall-Kareborn et al., 2004b). As with some of the other letters in CATWOE, Environmental 

Constraints can be interpreted in many ways, and it is important to focus on those constraints that are unique 

and pertinent to the present situation. Bergvall-Kareborn, Mirijamdotter, and Basden suggest this could 

include ‘time and resources, existing structure, ethos, norms, modern technology, company resources, 

corporate objectives, and project definition’ (Bergvall-Kareborn et al., 2004b). E is especially important to 

the current research because it mitigates the possibility of forgetting a relevant factor in a problem. It attempts 
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to characterize future limitations, which allows us to work around those limitations with the conceptual 

model. 

Each participant involved in the E3 project was asked questions regarding environmental constraints 

they encounter. These questions are used to explore the external factors that affect them; however, they 

cannot be controlled.  Each E3 stakeholder was also asked whether their organization prioritizes their projects 

the same way or if they have the same motivation to complete the E3 project successfully. Finally, the last 

question asks if the organizations recognize their competitive advantage. This question exposes aspects of 

the organizations that are paramount to maintain and nurture. However, competitive advantage can limit the 

conceptual model because of its intrinsic limitation on resources. The model must characterize the designed 

communication network to allow for the organizations’ competitive advantage to maintain merit. 

 

Stage 4 

In Stage 4, the root definitions created in Stage 3 are developed into the conceptual model. This conceptual 

model is what the system must accomplish to fulfill the requirements of the root definitions(Flood & Jackson, 

1991b). The model is formed by either using the minimum number of activities that are needed to fulfill the 

tasks required by the root definitions, or listing the activities in a logical order to result in a diagram to 

represent the model (Chilvers, 2000).  Checkland warns that researchers maintain a partiality to describing 

real-world systems for the conceptual model, rather than producing novel solutions (Checkland, 1999). 

Falling into this commonality limits the benefits of the Seven Stages, as they are meant to garner radical ideas 

that are not generally thought of.  

 

Stage 5 

Stage 5 is a comparison between the resultant conceptual model of Stage 4 and the current state description 

produced in Stage 2 (Chilvers, 2000). The primary issue lying with Stage 5 is to recognize when to stop the 

creation of the conceptual model and move onto the comparison (Checkland, 1999). Checkland argues that 

it is best to move to Stage 5, even if the conceptual model is not completely finalized. The model can be 

revisited as new information or knowledge is obtained as commonly results from the comparison of Stage 4 

and Stage 2. Also discussed in Checkland’s work are four different options or approaches to the comparison. 

For this research, a gap analysis will be performed to understand where the major variability is within the 

two systems. This will result in a list of communication activities that are different in the two systems and 

will lead to Stage 6. 

 

Stage 6 

Stage 6 is closely tied to Stage 5, in that it uses the differences recognized in the gap analysis to warrant a 

discussion about the feasibility of implementing changes (Checkland, 1999). These changes should attempt 

to mitigate the variances between the conceptual model and real-world situation. Checkland points out that 

this stage often results in problems with the root definitions being brought out. The beauty of the Seven 

Stages Model is that researchers can return to any previously completed stage to update it based upon new 

information. The product of Stage 6 is a compilation of changes that need to be implemented to convert the 

real-world to the conceptual model. The real-world will never perfectly align with the conceptual model, so 

special attention should be paid to those changes that make the most impact with the least effort required.  

 

Stage 7 

Stage 7 is simply the implementation of those changes identified in Stage 6 (Chilvers, 2000).  Ideally, Stage 

7 should be carried out methodically to create the most impact to the system with the least effort, as stated 

under Stage 6. An ‘implementation schedule’ can be developed that lists the changes in terms of both 
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implementation ease and feasibility. Those changes that are both difficult to implement and impractical 

should be either ignored, or at a minimum, left until the end of the implementation phase. 

 

Preliminary Results 
Three of the seven stages of the Soft Systems Methodology have been completed for this research. These 

three stages include selecting and defining the current state and the team for the project, as well as producing 

data to be applied to the root definition. The stage three results introduced below are a product of the 

CATWOE method which is used to help understand each stakeholder’s values and connections with the E3 

project under multiple criteria. The interview answers developed from the CATWOE method are then 

translated into the root definition. 

To complete stages one and two, a large meeting was conducted to understand the targeted industry 

sector’s needs as well as to reveal each participant’s possible contributions to fulfill those needs. It is also 

used to ensure the participating entities will have a positive and useful contribution to the project. After the 

meeting, some of the stakeholders’ were recognized as being unable to benefit the industry sector. As such, 

these parties will not be involved with solving the communication difficulties.  This exposes one of the Seven 

Stages great benefits, which minimizes wasted time and resources early in the project. Only useful and 

beneficial parties must be involved with the solution, while those that do not need to be involved can be 

removed early. 

 

Questionnaire Findings 

Stage three is comprised of interviews used to understand each entity’s connection with the seven categories 

in the CATWOE methodology. Then the answers in these categories are converted to a root definition which 

concisely details the involved stakeholders’ connection with the E3 project in multiple classifications. The 

answers to the questions in Exhibit 2 are listed in Exhibit 3 below. These answers, in the context of each of 

the four parties, were supplied by Joe Junker, one of the authors of this paper. Junker has an extensive 

knowledge of each party and its interaction with the E3 project. Below are the root definitions characterized 

by the interview answers for each entity. 

 

Exhibit 3. Interested parties’ interview answers within the CATWOE methodology. 

 

 PPRC DEQ OMEP EEC 

C 
Clients Public (protecting 

the public) 

Clients EPA, grant 

opportunities 

A 

Environmental 

organizations, DEQ, 

EEC 

Environmental 

organizations, 

EEC, PPRC, state 

agencies 

Portland Development 

Commission, Oregon 

businesses, NIST 

PPRC, DEQ, IAC, 

DOE 

T 

Walk through 

facility, write 

narrative 

recommendation, 

direct more help to 

others internal skills 

Technical 

assistance, protect 

clients from 

regulation fines, 

recommend how 

to avoid problems 

Consulting, long-term 

service, training, VSM 

Energy audits, facility 

assessments, data 

accumulation and 

analysis. 
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Exhibit 3. Interested parties’ interview answers within the CATWOE methodology. (Continued) 

 

 PPRC DEQ OMEP EEC 

W 

Pollution prevention  Environmental 

quality 

Lean Manufacturing is 

their strongest recognized 

capability (but they offer a 

wide range of other 

general manufacturing 

support services 

Energy, efficiency and 

engineering analysis 

Need support, cost 

effective  

Support and 

direction when 

clients run into 

compliance  or 

regulation issues 

Solution to any problem 

clients are dealing with 

Efficiency: Reduce 

energy, resource 

consumption and 

waste generation while 

increasing productivity 

and profits 

Through training, 

newsletter, email, 

recommendation 

Client contacts 

DEQ or when 

client is not in 

compliance 

Company visits, proposal 

offers, etc. 

Through on-site 

assessments, training, 

newsletter, email, 

recommendation 

Non-profit Government 

service agency 

Non-profit Non-profit 

O 

Program director of 

PPRC 

State agency 

(pollution 

prevention entity) 

Director of OMEP/Board 

of directors 

Joe Junker (Director of 

EEC) 

E 

Funding, how they 

approach clients 

Government 

funding, politics 

Grant funding Funding 

See the benefits in 

the work and are 

collaborative in this 

grant project  

See the benefits in 

the work and are 

collaborative in 

this grant project  

They may not see much 

value in the E3 project. 

Can be hard to collaborate 

with. 

See the benefits in the 

work and are 

collaborative in this 

grant project  

No cost service. 

Special skill set that 

may not be available 

elsewhere 

No cost service. 

Proactive 

engagement can 

protect client from 

penalties 

Portfolio of potential 

engagement paths and 

areas of focus. Some cost 

not passed to the client.  

An offering of no cost 

services. A staff of 

creative energetic 

developing engineers. 

Potential for fee based 

follow-on work.  

 

 

Resulting Root Definitions 

 

Pollution Prevention Resource Center. The Pollution Prevention Program (PPRC) is a non-profit 

organization owned by its program directors which connects with clients through training, a newsletter, 

emails, and recommendations. The organization actively partners with environmental organizations, the 

DEQ, and the EEC to help clients who need support in the pollution and energy sectors. Its product is a 

narrative recommendation provided as a non-profit service so long as funding is received through other 

means. The PPRC sees the benefits of the E3 project and supports this collaboration.  
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Department of Environmental Quality. The Department of Environmental Quality (DEQ) is a state 

government service agency, which connects with the public through direct contact when a client deviates 

from compliance with the law. The organization actively partners with environmental organizations, the EEC, 

the PPRC, and other state agencies to help clients achieve proper environmental quality. Its product is 

technical assistance and recommendations on how to avoid environmental problems provided as a non-profit 

service so long as government funding is received. The DEQ sees the benefits of the E3 project and supports 

this collaboration. 

 

Oregon Manufacturing Extension Partnership.The Oregon Manufacturing Extension Partnership 

(OMEP) is a non-profit organization owned by its board of directors which connects with clients through 

company visits and proposal offers. The organization actively partners with the Portland Development 

Commission, Oregon businesses, and the National Institute of Standards and Technology to help clients who 

need assistance with lean manufacturing and other manufacturing support services. Its product is long-term 

consulting services, training, and value stream maps provided as a non-profit service so long as grant funding 

is received. The OMEP sees less value in the E3 project and can be difficult to collaborate with. 

 

Energy Efficiency Center. The Energy Efficiency Center is a non-profit organization owned by Joe Junker 

which connects with the EPA and grant-providing organizations through on-site assessments, training, 

newsletters, emails, and recommendations. The organization actively partners with the PPRC, the DEQ, the 

DOE, and Industrial Assessment Centers to help clients achieve constructive energy, efficiency, and 

engineering analyses. Its products are energy audits, facility assessments, data accumulation, and analysis 

reports provided as a non-profit service so long as funding is received through other means. The EEC sees 

the benefits of the E3 project and supports this collaboration.  

 

Conclusions and Future Work 
This work will serve as a case study within a broader range of work around the topic of Soft Systems 

Methodology. Interacting with multiple entities can be dysfunctional and complex due to diverse assumptions 

about what the collaboration is, different beliefs and interests that can result in poor communication. Soft 

Systems Methodology helps leaders categorize and recognize the underlying assumptions, interests, and 

belief of each stakeholder. SSM can also assist to find the focal point for all participant to collaborate.  This 

case study presents the first stage of the design of the collaborattory organization through the application of 

SSM’s stage one through three, resulting on root definitions derived from each stakeholders’ CATWOE. It 

is worth noting that based on the preliminary assessment presented in this paper, an interview protocol to be 

applied to the stakeholders will be developed. This information will then be used to build on the current root 

definitions. The root definitions will then be applied to a future conceptual model that will fulfill the 

communication requirements of all interested entities. This will be achieved by following the Seven Stages 

Methodology along with boundary critique. 
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8 Appendix B: Qualtrics Human activity systems survey 
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9 Appendix C: EPA E3 Grant Proposal 

 

       Cover Page 

  

Fiscal Year 2013 Pollution Prevention Grant Program 

EPA-HQ-OPPT-2013-001 

  

Oregon State University 

Energy Efficiency Center and 

Industrial Assessment Center 

E3 Program 

(Revised to $94,506 Federal) 

 

 

This proposal will implement E3 (Economic, Energy and Environment) practices and principles 

in targeted industry sectors for up to 3 companies per sector. Identified best practices, assessment 

approaches, and opportunity trends will be documented and Oregon State University engineering 

students will be trained in identifying E3 opportunities and source reduction techniques.  Led by 

Oregon State University’s Energy Efficiency Center (the OSU EEC is  a U.S.DOE Industrial 

Assessment Center), additional collaborators include the State of Oregon Department of 

Environmental Quality and the Oregon Manufacturing Extension Partnership.  This project will 

also mount a collaborative effort with other potential technical assistance partners to develop a 

strategy to include them in assisting the E3 targeted sectors. 

  

  

Total Project Funding: 

$189.013 

Requested Funding (Federal): 

$94,506   

  

Applicant:  

Joseph F. Junker, P.E. Director, 

Oregon State University Energy Efficiency Center, 

Oregon State University 344A Batcheller Hall, Corvallis, Oregon, USA  97331-2405 

Voice: 541/737-5034,  Fax: 541/737-5035,  Email: junkerj@engr.orst.edu 

  

  

  

○     System for Award Management Registration Date: Dec.13, 2013 

○     DUNS number: 053599908 
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Fiscal Year 2013 Pollution Prevention Grant Program 

EPA-HQ-OPPT-2013-001 

Oregon State University Industrial Assessment Center E3 Program 

  

Project Narrative 

Project Compliance with Threshold Program Requirement 

The proposed project addresses the following national focus areas: 

○   Reduce the generation of greenhouse gas (GHG) emissions to mitigate climate change.  - 

Provide assistance to targeted industries to gain efficiencies in certain energy usages 

resulting in reductions of GHG emissions 

○   Reduce the manufacture and use of hazardous materials to improve human and ecological 

health; - Provide assistance to targeted industries in toxics use and waste reduction 

opportunities that are available in the targeted industrial sectors.  

○   Create business efficiencies that derive economic benefits and improve environmental 

performance; - Provide assistance to targeted industries in Lean manufacturing and 

pollution prevention techniques to gain certain economic and environmental benefits.  

Utilize Environmental Value Stream Mapping to identify opportunities for waste 

elimination or reduction.  

 

The proposed project addresses the following EPA Region 10 priorities : 

○    Promote cross regional and national P2 initiatives, including Economy, Energy and 

Environment (E3).  -  Convene roundtable of a broad base of technical assistance 

providers in Oregon to determine extent of opportunities in target industrial sectors. 

○   Promote P2 efforts that support state priorities of safer chemical alternatives, Lean and 

the Environment, P2 planning, toxics initiatives or interstate/local government 

collaboration;  - Provide assistance to targeted  industries in Lean manufacturing, 

pollution prevention, toxic use reduction, energy efficiency and economic productivity to 

gain certain economic and environmental benefits 

 

The proposed project will address the following programmatic and statutory criteria of P2 grant: 

○   Reduce the amount of any hazardous substance, pollutant, or contaminant entering any 

waste stream or otherwise released into the environment (including fugitive emissions) 

prior to recycling, treatment or disposal;  -  Provide assistance to targeted  industries in 

toxics use and waste reduction opportunities that are available in the targeted industrial 

sectors 

○   Reduce the hazards to public health and the environment associated with the release of 

such substances, pollutants, or contaminants; - Provide assistance to targeted  industries 

in toxics use and waste reduction opportunities that are available in the targeted industrial 

sectors 

○   Reduce or eliminate the creation of pollutants through:   increased efficiency in the use of 

raw materials, energy, water, or other resources; or protection of natural resources by 

conservation. - Provide assistance to targeted industries in Lean manufacturing, pollution 
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prevention, toxic use reduction, energy efficiency and economic productivity to gain 

certain economic and environmental benefit. 

○   Makes specific technical assistance available to businesses seeking information about 

source reduction opportunities, including funding for experts to provide on-site technical 

advice to businesses and to assist in the development of source reduction plans; - Provide 

assistance to targeted industries in Lean manufacturing, pollution prevention, toxic use 

and waste reduction, energy efficiency and economic productivity to gain certain 

economic and environmental benefits 

○    Provides training in source reduction techniques. Such training may be provided through 

local engineering schools or other appropriate means. -  Provide training opportunities 

for source reduction techniques as needed. 

The proposed project aligns with EPA’s Strategic Plan and commits to  work towards the five 

long-term P2 targets provided in the Agency’s FY 2011-2015 Strategic Plan. The strategic targets 

are: 

a. By 2015, reduce 15 billion pounds of hazardous materials cumulatively through P2 

(Baseline is 4.8 billion pounds reduced through 2008.) 

b. By 2015, reduce 9 million metric tons of carbon dioxide equivalent (MMTCO2Eq) 

cumulatively through P2. (Baseline is 6.5 MMTCO2Eq reduced in 2008. The data from 

this measure is also calculated into the Agency’s overall greenhouse gas measure under 

Goal 1.) 

c. By 2015, reduce water use by an additional 24 billion gallons cumulatively through 

P2. (Baseline is 51 billion gallons reduced through 2008.) 

d. By 2015, save $1.2 billion through P2 improvements in business, institutional, and 

government costs cumulatively. (Baseline is $3.1 billion dollars saved through 2008.) 

e. Through 2015, increase the use of safer chemicals cumulatively by 40 percent. 

(Baseline: 476 million pounds of safer chemicals used in 2009 as reported to be in 

commerce by the Design for the Environment program.) 

The proposal does not include any ineligible tasks or activities; nor does the proposed project 

have a project period that exceeds three (3) years.   

  

Industrial Sector Identification Criterion: 

The primary partners on this project, with input from the supporting partners, will use a process 

of soliciting and screening to work with up to three industry sectors with at least two (preferably 

three) companies represented in each sector.  The group will strive to engage industry sectors 

with the following characteristics: 

 

     Transferability of results.  Many sectors can share common processes.  The craft brewing 

industry, for instance, varies primarily by size but all employ the same basic process used to brew 

and package beer.  Additional variations occur as a result of end packaging methods (e.g. canning 

or bottling beer).  Given the relatively small amount of variation, it is highly expected that results 

from an industry such as this could be disseminated in a meaningful manner for many companies 

(i.e. other breweries) to adopt.  Additionally, methods and practices could be identified for 

companies to adopt as they grow in size (e.g. reclamation of C02).  Other industries (e.g. plastics 
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or high tech), represent an extremely diverse group of processes and materials making meaningful 

dissemination difficult. 

 

·      Collaboration within an industry sector.  Some industries have an established record of 

collaborating, even if informally so.  While trade organizations exist for nearly all industry 

sectors, many are inherently competitive and, therefore, reluctant to participate in any process that 

may expose competitiveness.  In Oregon, much informal collaboration exists in the beer and wine 

industries but relatively little in the high-tech.  Wood products is a mix of both as, while there is 

much published information, little is willingly shared from company to company.   This project 

will engage companies that are already collaborating or are determined to be able to achieve a 

suitable level of collaboration. 

 

·      Willingness to participate.  This characteristic is primarily directed towards an individual 

company.  Efforts will be taken (company interviews, program materials, etc.) to ensure that 

companies understand, and are able to support, a substantial level of implementation after initial 

assessments are complete and future targets/opportunities are identified.  Additionally, 

participating companies will be requested to submit a cash match to the program. 

 

·      Opportunity to apply E3 principles.  Some industries, whether driven by demand or 

opportunity, have already achieved a certain level of practices that, while perhaps not officially 

“E3”, can be characterized as green or sustainable.  The group will strive to identify target sectors 

that lag in adopting sustainable practices but could benefit from such efforts for more than just the 

internal gains.  For example, the primary forest products industry (e.g. lumber  plywood) has 

adopted many sustainable practices which have not trickled down to their customers (commonly 

known as secondary forest products) in industries such as furniture, pallets, etc. 

  

Experience Achieving Project Objectives: 

The applicant’s organizational experience and resources support the successful completion of the 

proposed project as follows.  The Oregon State University Energy Efficiency Center has 25+ 

years experience directly working with northwest industries providing assessments on energy 

efficiency, waste minimization and resource conservation.  Mr. Junker has successfully managed 

dozens of grants and met all the reporting requirements under the agreements including 

submission of acceptable final technical reports.  He has also successfully documented and 

reported on the progress towards achieving the expected results under each of the agreements.  

One example is the U.S.DOE funded Industrial Assessment Center Program now in its 27th year. 

 

Project partners include the State of Oregon Department of Environmental Quality and the 

Oregon Manufacturing Extension Partnership.  Both of these partners have experience and 

resources to address most technical issues that arise within the industrial setting including 

performing lean manufacturing assessments, hazardous and solid waste minimization activities, 

pollution prevention and sustainability techniques and tools and toxics use reduction and a basic 

understanding of green chemistry.   
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The proposal intends to assess what other E3 partners may be involved  including:  

○     Pacific Northwest Pollution Prevention Resource Center (PPRC), 

○     The Energy Trust of Oregon (ETO) 

○     The Oregon Environmental Council (OEC) 

○     State of Oregon Department of Energy (ODOE) 

○     Northwest Food Processing Association (NWFPA) 

○     BPA- Energy Smart Industrial Partner Program 

○     Other Utilities as identified like Northwest Natural Gas 

○     Small Business Development Center 

○     NIST 

○     US EPA Region 10 

○     Oregon Chamber of Commerce 

○     Industry sector Associations 

  

Staff Qualifications: 

Joseph F. Junker, P.E. Director, Oregon State University Energy Efficiency Center has 20 plus 

years experience in providing industrial assessments and collaborating with regional industrial 

technical assistance providers.   

 

David Kunz, MURP, Oregon Department of Environmental Quality Pollution Prevention 

Coordinator has 20 plus years experience in  waste minimization, toxics use reduction and 

pollution prevention assessments for Oregon industries.  

 

Mark Biederbeck, Consultant with the Oregon Manufacturing Extension Partnership, has over 25 

years of experience in manufacturing processes and operations including the last 12 with a heavy 

emphasis on lean manufacturing.  More recently, efforts have focused on sustainability including 

the use of Environmental Value Stream Mapping.  

 

Work Plan: 

Component 1:  E3 Technical Assistance Provider Collaboration: 

Convene roundtable of potential E3 technical assistance providers and determine the extent of 

participation of local, state , regional and national level programs.  Develop a draft charter for 

possible use.  Conduct regular phone and in person meetings during the project to coordinate 

activities.  

  

Time Frame: July 31, 2013 – September 30, 2015 

Budget: $22,942 (Federal), $30,352 (Match) 

Personnel: $22,245 (Federal), $30,352 (Match) 

Travel: $240 (Federal) 

Supplies & Phone: $457 (Federal) 

 

Deliverables: 

Project Milestones include: 
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●    Convene meeting of regional E3 providers to explore potential for partnership, and to develop 

understanding of each other’s offerings. Schedule and coordinate a series of follow-on conference 

calls and a follow-up meeting. 

●    Add a listing of E3 providers and services to DEQ, OMEP and OSU EEC web sites. 

●    Identify at least one and up to three target clients industries. They may represent certain 

manufacturing industries sub-sector(s) such as: 

○      Breweries 

○      High tech industries 

○      Secondary woods products 

●    Develop and offer E3 Training for OSU EEC students (and others) to enhance E3 offering 

  

Component 2: E3 Technical Assistance Initiative 

This project will address environmental and health issues associated with pollution generated by 

Oregon’s manufacturing industry. OSU and OMEP have successful  industrial assessment 

programs.  With the development of this E3 approach  this project will convene a broader based 

technical assistance program including the Department of Environmental Quality and other 

assistance providers to  determine if all the toxics, waste, resource and source reduction 

opportunities are garnered within the targeted industrial sectors in Oregon.  

  

Time Frame: August 1, 2013 – July 30, 2016 

Budget: $71,565 (Federal), $64,155 (Match) 

Personnel: $70,143 (Federal), $64,155 (Match) 

Travel: $600 (Federal) 

Supplies & Phone: $821 (Federal) 

 

Deliverables: 

Project Milestones include: 

●    Provide services to up to three clients per target  industry  

○      Group up or individually as appropriate. 

○      OMEP services dependent on each site could include 

■     Initial assessment (3 sites) 

■     Value Stream Mapping (2 sites – 1 combined training) 

■     Kaizen (1 site) 

■     Implementation (2 sites – 1 combined training) 

○      EEC E3 Services 

■     Economic, Energy and Environment (E3) Assessments 

 OSU EEC E3 assessments: 

Provide OSU EEC E3 assessments to at least two (2) appropriate sites 

that are not eligible for Industrial Assessment Center assessments   

(2 sites) 

 E3 enhanced OSU IAC assessments  

Enhance the non-energy portion of eleven (11) or more IAC assessments. 
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It is estimated at least 11 of the 48 to 74 IAC assessments we perform in 

the project period could benefit from additional support to pursue all 

viable E3 opportunities that present themselves. With the current budget 

for these projects some of these opportunities are currently culled from 

the report development. (8 sites) 
○      DEQ Services 

■     Initial assessment 

■     Regulatory and Pollution Prevention Assessment 

■     Toxic Use Reduction Assessment 

○      Identify opportunities to leverage offerings of other E3 technical service providers 

○      Evaluate opportunities to pursue Green Chemistry principles and materials management 

assessments 

●    Develop template recommendations for sub-sector if enough of one sub-sector is engaged 

○      Best Management Practices. 

○      Checklist of opportunities (& red flags for identification) 

○      Analysis templates 

○      Benchmarks (perhaps keyed to an environmental value stream map) 

  

 

Basic program (industrial interaction) deliverables and targets include: 

● Implement E3 at a group of target companies. The goal is to provide the participating 

companies a network of solution providers for all aspects of E3.  

● Identify a target industry section with particular characteristics.  This may include size of 

company, energy usage, types of raw material and/or processes, relative success (or lack 

thereof) for their sector, etc.  It is well understood that not all industries engage in 

collaboration.   In the end, selection of a target industry will need to be balanced on 

opportunity of application (i.e. how poor are current practices) versus opportunity of 

success (how well can results be shared with competing companies of this sector).   

● Oregon has companies at both extremes of both categories.  An obvious choice would be 

the craft brew (beer) industry as it is highly collaborative (much of it informally so) and 

is eager to adopt sustainable practices.  The secondary wood products industry (furniture, 

pallets, etc.) has ample opportunity to apply sustainable practices (despite the successes 

in primary forest products) but is not highly collaborative.  

● Provide a framework for adopting E3 for the targeted or similar industries.  While it is 

hoped that at least part of the dissemination of successes and practices from this project 

will be through industry channels, the majority may be accomplished through partner 

efforts. 
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Summary of Deliverables & Activities 

  

Task Timeline Status 

Convene meeting of regional 

E3 providers 

July 2013 - April 2014 pending 

Schedule and coordinate a 

series of follow-on conference 

calls and a follow-up meeting. 

August 2013 –  

September 30, 2015 

pending 

Add a listing of E3 providers 

and services to (DEQ?), OMEP 

and OSU EEC web sites. 

Maintain Listing. 

January 2014 –  

September 30, 2015 

pending 

Identify target clients. August 2014 – July 2015 pending 

Develop standardized E3 

metrics 

April  2014 pending 

Develop and offer E3 Training 

for OSU EEC students (and 

others) to enhance E3 offering 

November 2013 

November 2014 

pending 

1      Initial Assessment 

2      Pollution Prevention & Toxic 

Use Reduction assessments 

3      Economic, Energy, 

Environment assessments 

4      Value Stream Mapping 

5      Kaizen 

6      Further Opportunities 

assessments 

7      Implementation of 

recommendations 

October 2013 - March 2016 pending 

Finalize Reporting May 2016- July 30, 2016 pending 

 

 

This project meets EPA’s Statutory Measurement Provisions and the Environmental 

Results Policy as outlined below: 

Collection and tracking of the data involved in each facility site visit will be done employing the 

standard techniques used for each assessment. For each business a baseline of data will be 



75 

 

 

 

gathered for each outcome (below).  Tracking spreadsheets will be developed to monitor and 

gather the needed data for each project.   For example, a lighting retrofit would determine the 

existing number of lamps, bulbs, watts and cost involved before and after the retrofit.  Further 

analysis could be provided using Life Cycle Analysis database (www.eiolca.net) to determine the 

optimal impact of the proposed lighting technology.  

 

Outputs: 

- Contacting and convening a Roundtable of available Technical Assistance providers+ 

- Identification of industrial targeted sectors and five prospective businesses 

- Regular contact with Technical Assistance providers to assure coordination of activities and 

assurance of no duplication or omissions or resources.  

- Meetings - Partner meetings, Company meetings, Environmental Value Stream Mapping 

training event, Kaizen event 

- On-site technical assistance assessments include:  an initial assessment, environment 

assessment, energy assessment, economic assessment, pollution prevention, waste and toxics use 

reduction assessment and a further opportunities assessment to include green chemistry options. 

- On-site technical assistance will also include implementation strategy and implementation 

activities. 

 

Outcomes: 

Estimated outcomes by the five businesses documented through this project are expected to be 

similar to results documented throughout previous case studies but also including: 

– an assessment of the availability of E3 technical assistance providers and programs for  Oregon 

– identification of opportunities for implementing green chemistry principles 

– pounds of one-time hazardous waste reductions from reuse and recycling program. 

– pounds of annual hazardous waste reductions. 

– gallons of annual water conservation through conservation measures. 

– pounds of one-time solid waste reductions through waste reduction or recycling/reuse. 

– pounds of annual solid waste reductions through waste reduction or recycling/reuse. 

– gallons of annual water conserved. 

– fluorescent lamps recycled. 

– kilo-watt hours of annual energy conservation from energy efficiency projects. 

– therms of annual energy conservation from energy efficiency projects. 

– gallons of annual fuel conservation through alternative commuting programs. 

– pounds of annual emission reductions from alternative commuting programs. 

– pounds of annual carbon dioxide emissions reduced. 

– gallons of solvent reduced annually. 

– pounds of NOX reduced annually 

– pounds of VOC reduced annually 

– pounds of priority toxins reduced and eliminated  

– dollars in cost savings 

 

 

http://www.eiolca.net/
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10 Appendix D: Oregon E3 Roundtable Attendance 

 

ROUNDTABLE ATTENDEES 02/19/2014 

 

Portland General Electric  
 Interested in sustainability from a broad scope including E3, social, business planning 

Oregon BEST  
Provides assistance in SBA grant writing; small grants for energy technology; business 

planning for clean technology; work with supply chain; business profiles on website 

www.oregonbest.org  

Bonneville Power Administration  
Has a rural incentive program - <1 million Kw p/y; reminds that energy savings are 

beyond a five year return 

Oregon State University  
 Graduate student working on E3 related project with Joe Junker 

Energy Trust  
$35 million annual program; currently working with dozens of businesses; business 

expansions can realize cost savings with new energy equipment; cohort program with 

yearlong training. Identifies that the smallest manufacturing sector say 4 persons is not 

served by any programs www.energytrust.org  

Rejuvenation  
 Current E3 pilot project facility manager, looking to expand local manufacturing capacity 

US EPA Region 10  
Provides P2 grant resource to states, approximately 100K annually per state for lean and 

green technical assistance; energy efficiency analysis - technology information and 

funding sources; build interagency partnerships; assist with strategizing. Identified WA 

state E3 outreach approach. 

Pollution Prevention Resource Center  
PPRC is funded to provide assistance to E3 project – Michelle provides analysis of 

environment findings/opportunities/alternatives for all projects; from 

technical/operational/behavioral, cost-benefit, or other related perspectives.  

www.pprc.org  

OSU Industrial Assessment Program  
 Industrial energy assessment program director; Oregon E3 grant sponsor   

DEQ – P2 Coordinator  
 Pollution Prevention and regulatory compliance technical assistance; Oregon E3 

Roundtable sponsor 

 http://www.oregon.gov/DEQ/Pages/index.aspx  

Oregon Small Business Development Center  
Business assistance generalists across 17 Community colleges; central point of contact 

for state related training programs; access to capital, debt financing; use of Live Plan 

cloud based planning tool; new Market Research Institute see www.bizcenter.org   

 

 

 

 

http://www.oregonbest.org/
http://www.energytrust.org/
http://www.pprc.org/
http://www.oregon.gov/DEQ/Pages/index.aspx
http://www.bizcenter.org/
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Statewide Regional Solutions  
Metro regional coordinator; collaborative approach to community and economic 

development; demand driven; helps find manufacturer workers; assists with regulatory 

compliance; coordinates transportation with utility improvements; IWEB funds, E-

commerce, Enterprise zones; align dollar ‘pockets’; promotes clusters including apparel, 

advance manufacturing, clean technology, semiconductor. 

 

United States Department of Agriculture – Rural Development  
50k population or less, guarantees lender driven B&I loans for expansion, capital, 

upgrades; Energy awareness grant 25% - remainder of match can include tax credits or 

incentives 

DEQ - AQ Small Business Assistance  
Assists business with air quality permitting issues; assists with the Ecological business 

program.  www.ecobiz.org  

Oregon Department of Energy  
Energy team works with $28 million in tax credit incentives (biennium); can work with 

Energy trust incentives. http://www.oregon.gov/ENERGY/Pages/index.aspx  

Oregon Department of Energy   
A focus on outreach is critical; 20/80 pareto principle at work (20% or contacts get 80% 

of energy savings results). 

Building Envelope Innovations  
Leading on green construction technology; focus on building envelope innovations; 

identified a need for a web based tool where business inputs needs and receives 

customized contacts. 

DEQ – Regional Solutions  
Metro region environmental representative; suggests doing a broad outreach to identify 

good fitting E3 candidate businesses.  http://www.oregon.gov/Gov/ERT/pages/index.aspx  

US NIST MEP  
 National MEP coordinator; provides perspective on existing E3 efforts nationally 

http://www.nist.gov/mep/  

Business Oregon  
Industrial lands specialist- Business, Innovation and Trade.  Works with businesses using 

wide variety of industrial competitiveness resources http://www.oregon4biz.com/  

 

 

 

INVITEES 

Oregon Manufacturing Extension Partnership  
 Sales representative; OMEP provides Value Stream assessments 

Northwest Natural 

Energy Smart Industrial 

Northwest Food Producers Association 

Department of Labor – Employment & Training 

 

http://www.ecobiz.org/
http://www.oregon.gov/ENERGY/Pages/index.aspx
http://www.oregon.gov/Gov/ERT/pages/index.aspx
http://www.nist.gov/mep/
http://www.oregon4biz.com/
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11 Appendix E: IRB Research Protocol  

 

RESEARCH PROTOCOL 

12/09/2014 

 

1. Protocol Title: A Theoretical Framework for the Design of an Energy Analysis 

Collaborative Structure Using Soft System Methodology 

 

PERSONNEL 

2. Principal Investigator Javier Calvo-Amodio 

3. Student Researcher(s) Tanida Chongvilaiwan 

4. Investigator Qualifications 

Javier Calvo-Amodio - is an Assistant Professor and Director of the Change and Reliable 

Systems Engineering and Management Research Group (CaRSEM) in the School of 

Mechanical, Industrial and Manufacturing Engineering (MIME) at Oregon State University. 

He received his Ph.D. in Systems and Engineering Management from Texas Tech University 

in 2012, B.S. in Industrial and Systems Engineering (Tecnológico de Monterrey, 2000), and 

M.S. in Business Management (University of Hull, 2003). His areas of interest include 

systems-based design of solutions to complex problems, engineering and systems 

management, engineering economics and engineering education. 

 

Tanida Chongvilaiwan – Administer the human activity systems survey in organizations. 

She is a graduate student finishing up her master’s degree in industrial engineering.  

 

5. Training and Oversight 

The PI is responsible for the conduct of the study, all human subject protections issues, and for 

the timely and complete submissions of IRB related documents. The student researcher has 

received training through IE594 Research Methods, CITI, and Blackboard FERPA certification 

in addition to personalized instruction from the Co-investigator (Graduate Advisor and major 

professor). We will meet in regular basis and update project progress. 

FUNDING 

6. Sources of Support for this project (awarded) 

 

PI: US Environmental Protection Agency (EPA) 

Department: School of Mechanical, Industrial, and Manufacturing Engineering 

Sponsor: OSU Energy Efficiency Center  

Contract Numbers:  NP-00J79401-0 

Cayuse No: 13-1780 
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DESCRIPTION OF RESEARCH 

7. Description of Research 

The objective of the full project is to present a theoretical framework for the design of an energy 

analysis collaborative structure using soft systems methodology. The resulting theoretical 

framework should assist the collaborative leaders to perform a systemic analysis of processes 

in the targeted industry sectors to improve internal communication through an understanding 

of psychological, social, and cultural perspectives. In addition, SSM will be applied to explore 

the strategic design of an organizational structure to assist E3 (Economic, Energy, and 

Environment) practices and principles.  The resulting model will shed light for engineering 

managers confronted with the creation and management of collaborative efforts on key aspects 

to observe. 

The identification of beliefs, motivators and barriers to work with the E3 stakeholders will be 

performed through the construction of a Soft System Methodology and CATWOE tool 

(Checkland, 1984). The methodology does not require specific information to be recorded, only 

general information and perceptions from an aggregated group of individuals.  Thus, no need 

to record specific words (eliminating the need for personal). 

8. Background Justification 

E3 is a federal technical assistance framework used by communities and manufacturers to help 

identify best practices, assessment approaches, and opportunity trends for efficiency 

improvements. E3 nurtures a strong relationship within the collaborative organization and 

between organizations and the targeted industry sector. The collaboration between these 

stakeholders is complex because each stakeholders does not understand what each individual 

agency programs has to offer.  Furthermore, each stakeholder brings their own perspective 

about what the collaborator endevour should be, how they should benefit, and how it should 

operate. This project will also mount a collaborative effort with other potential technical 

assistance partners to develop a strategy to include them in assisting the E3 targeted sectors.  

9. Subject Population 

The approximate number of participants to be recruited over the life of the study will be 40 

participants. The population is not restricted to any gender or ethnic group.  

 

10. Consent Process 

Since the study presents no more than minimal risk of harm to subjects and involves no 

procedures for which written consent is normally required putside of the research context (the 

required data for this study will be collected only through human activity systems surveys), a 

waiver of documentation (signature) of informed consent is sought. A written statement in the 

cover page (Appendix B) will be provided to participants at the beginning of the human activity 

systems survey. This statement is an “explantion of research study” that informs participants 

the research activity and provides them with information about the human activity systems 
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survey, the potential risks and benefits associated with participation, and contact information 

for the principal investigator, student research, and the IRB.  

11. Eligibility Screening 

Must be eligible organization that provide technical assistance to E3.  A screening process 

should not be needed. 

 

12. Methods and Procedures 

13.1 Subject Identification and Recruitment 

The human activity systems survey participants will be self-identified by responding to 

notifications about the human activity systems survey via e-mail. These participants will be 

select from the potential technical assistance partners, which have been involved in the 

roundtable conference. For those participating organizations, the first e-mail will be sent to 

recruit a representative personal to contribute to this research and complete the human activity 

systems survey. The first e-mail is included the content in Appendix C.  

13.2 Scheduling Human activity systems survey 

The human activity systems survey will start with a cover letter which will be the wavier of 

informed consent. The cover letter will provide information about the study, participant rights, 

confidentiality information, instructions for completing the human activity systems survey, and 

contact information for principal investigator, student researcher, and the IRB. The human 

activity systems survey should take no longer than 10 minutes to complete.  

13.3 Human activity systems survey Questions 

The human activity systems survey used for this study is included in Appendix B. The 

information collected through this human activity systems survey will be recorded and kept in 

storage at least 3 years on OSU campus until the research project is terminated. 

13.4 Analysis Plan 

The analysis of human activity systems survey data will begin by entering each response into 

a centralized spreadsheet. Different statistical analyses will be used to test research hypotheses. 

13. Compensation 

No compensation 

14. Anonymity or Confidentiality 

Informed consent signatures will not be collected. If participants would like to participate in 

the future research, they will provide their name and e-mail address. All information and data 

collected will be confidential and securely stored on the online database. Accessing the online 

database requires user name and password to protect information and data collected. Only the 

principal investigator and student research can access to the online database used in this 

research. After the research project is terminated, information and data collected will be kept 

in the secure storage on OSU campus only accessed by the only principal investigator, the co-
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investigator, and student researcher. Information and data collect stored on the online database 

will be deleted. All hard copies of the human activity systems survey will be shredded as well. 

The information and data will kept in the secure storage on OSU campus for 3 years. After 3 

years, all information and data will be terminated. 

15. Risks 

The risks of this study are minimal. Confidentiality will kept to the extent permitted by the 

technology being used. Information collected online can be intercepted, corrupted, lost, 

destroyed, arrive late or incomplete, or contain viruses. 

16. Benefits 

We do not believe there are any direct benefits to individuals who participate in the study. No 

means or other identifying titles will be used in the data summaries. In addition, findings will 

be summarized in general terms. We believe that the findings will be beneficial to E3 project 

and collaborators.  

17. Assessment of Risk: Benefit ratio 

We do not believe there are any discernible risks or benefits to the participants in this research.  

18. Attachments: 

Appendix A: Cover page  

Appendix B: Human activity systems survey 

Appendix C: Recruitment letter 
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APPENDIX A: COVER PAGE 

 

 

 

 

 

 

 

Dear Participant,  

 

Your help is needed for an important research study. Tanida Chongvilaiwan, a M.S. student in 

Industrial Engineering, is working with Energy Efficiency Center (EEC) on the E3 program to 

effectively identify best practices, assessment approaches, and opportunity trends. We would like 

to determine in what degree your organization will be involved with other collaborators in this 

program. The results of this study will provide the necessary information to formulate useful 

network relations and possible solutions to the E3 program.  

 

The human activity systems survey will take approximately 10 minutes to complete. You are 

required to provide your name, a general job title, and e-mail address. Information collected from 

you will be confidential. The principal investigator of this study, Dr. Javier Calvo, the student 

researcher, Tanida Chongvilaiwan are the only individuals who will have access to your individual 

human activity systems survey results. Information collected through this human activity systems 

survey will be recorded and kept in storage on OSU campus until the research project is terminated. 

 

If you have any questions or comments, you may contact Tanida Chongvilaiwan at 

chongvit@onid.orst.edu, Dr. Javier Calvo who is the principal investigator for this research at 

Javier.Calvo@oregonstate.edu. If you have any questions about your rights as a research subject, 

please contact the Oregon State University Institutional Review Board (IRB) at irb.oregonstate.edu 

or 541-737-8008 

 

 

 

 

 

 

 

 

Best Regards,  

 

Tanida Chongvilaiwan 

Industrial Engineering, M.S. 

School of Mechanical, Industrial, and Manufacturing Engineering 

Oregon State University 

mailto:chongvit@onid.orst.edu
mailto:Javier.Calvo@oregonstate.edu
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APPENDIX C: RECRUITMENT LETTER 

 

 

The recruitment letter will be sent to participants via e-mail. 

 

 

Study Title: A Theoretical Framework for the Design of an Energy Analysis Collaborative 

Structure Using Soft System Methodology 

 

Dear Participant,  

 

I hope this email finds you well. Your help is needed for an important research study. My name is 

Tanida Chongvilaiwan, a M.S. student in Industrial Engineering. I am currently working with 

Energy Efficiency Center (EEC) on the E3 program to effectively identify best practices, 

assessment approaches, and opportunity trends. we are conducting a human activity systems survey 

to accumulate more information of all possible collaborators. We would like to determine in what 

degree your organization will be involved with other collaborators in this program. The results of 

this study will provide the necessary information to formulate useful network relations and possible 

solutions to the E3 program.  

 

The human activity systems survey will take approximately 10 minutes to complete. You are 

required to provide your name, a general job title, and e-mail address. Information collected from 

you will be confidential. The human activity systems survey will be conduct approximately in the 

end of January. I will be contacting you again in regards to this human activity systems survey.  

 

If you have any questions or comments, you may contact Tanida Chongvilaiwan at 

chongvit@onid.orst.edu, Dr. Javier Calvo who is the principal investigator for this research at 

Javier.Calvo@oregonstate.edu. If you have any questions about your rights as a research subject, 

please contact the Oregon State University Institutional Review Board (IRB) at irb.oregonstate.edu 

or 541-737-8008 

 

 

 

 

 

 

 

Best Regards,  

 

Tanida Chongvilaiwan 

Industrial Engineering, M.S. 

School of Mechanical, Industrial, and Manufacturing Engineering 

Oregon State University 

mailto:chongvit@onid.orst.edu
mailto:Javier.Calvo@oregonstate.edu
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12 Appendix F: IRB Determination 
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