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요 약 문 

 

I. 제 목 

모형 기반의 인지적 직무 복잡도 평가 및 직무 설계 기법 개발 

 

II. 연구개발의 목적 및 필요성 

 본 연구의 목적은 원자력 발전소에서의 직무 및 인간-기계 인터페이스의 복잡도를 

분석적으로 평가할 수 있는 모형 기반의 방법을 개발하는 것이다. 이를 통해 인적 

수행도와 원자력 안전성의 체계적인 평가에 기여함을 궁극적인 목적으로 한다. 

원자력 발전소에서의 자동화 시스템 및 다른 인터페이스 요소와 상호작용 

하는 운전원의 인적 수행도를 분석하고 예측하는데 핵심적인 개념중의 하나가 

인지적 직무 복잡도이다. 지금까지 원자력 발전소뿐만 아니라 다른 복잡한 시스템을 

대상으로 여러 연구들이 인지적 직무 복잡도에 영향을 미치는 요소를 파악하고 이를 

기반으로 직무 복잡도를 평가하기 위한 방법들을 개발해왔다. 지금까지 개발된 

방법들이 운전원의 직무 복잡도를 평가하고 관리하는데 많은 도움을 주었지만 몇 

가지 공통적인 결점을 지니고 있다. 첫째로 기존의 방법들은 특정 산업영역 혹은 

특정 직무 상황에 초점을 두고 있기 때문에 광범위하게 사용될 수 있는 가능성이 

높지 않다.  둘째로 기존의 방법들은 모형에 기반한 연역적인 방법이 아닌 

귀납적이면서 상향식의 접근방법을 취해 복잡도 요소를 파악했고 복잡도를 

평가했다. 이런 이유로 그 방법들은 타당한 이론적 모형이나 프레임워크에 기반하지 
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않고 사용되는 경우가 많았다. 셋째로 복잡도 평가의 결과가 직무나 인간-기계 

인터페이스 설계 등에 의미 있게 활용될 수 있는 방안을 제공하지 못하였다.  이러한 

이유로 기존의 개발된 방법들은 분석적으로 직무를 평가하는데 어려움이 있고 

다양한 직무 상황에 일반성 있게 사용될 수 있는 가능성이 적다고 말할 수 있다. 

특히 원자력발전소에서의 비정상 상황 및 일상직무 상황에서의 직무복잡도는 

상대적으로 많이 연구되지 않았었다. 또한 직무 복잡도 요소의 파악 및 직무 복잡도 

평가는 직무 및 인간-기계 인터페이스 설계에 효과적으로 사용될 수 있을 때 보다 

큰 의미를 갖는데 기존의 방법들은 이 부분이 취약하다고 할 수 있다.  

이러한 문제의식을 갖고 본 연구의 목적은 인지시스템공학 및 인간-컴퓨터 

상호작용 분야의 다양한 이론과 모델을 기반으로 해서 직무 복잡도 요소를 파악하고 

직무 복잡도를 평가하기 위한 모형 기반의 분석적 방법을 개발하는 것이다. 본 

연구의 목적은 다음의 세부 목표를 통해 달성된다.  

- 운전원의 인적 수행도에 영향을 미치는 직무 복잡도 요소를 체계적으로 

이해하고 다룰 수 있는 이론적 프레임워크 및 모형의 개발 

- 인지적 직무 복잡도 요소의 파악 및 조직화 

-인지적 직무복잡도를 정성적으로 평가하기 위한 모형 기반의 기법 개발 

- 비정상 상황 및 일상 직무 상황에서의 TACOM (TAsk COMplexity) 적용 

가능성 조사 

- 개발된 개념적 연구결과의 활용성 확보를 위한 사례 연구 

- 정보화면의 개념적 설계를 복잡도 관점에서 평가할 수 있는 설계 원칙 제안 

 

III. 연구개발의 내용 및 범위 

본 연구는 총 3 년에 걸쳐 수행되며 7 개의 세부 연구 패키지로 구성된다. 각 세부 

연구 패키지는 위에서 설명한 구체적인 연구 목표와 대응된다.  
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번호 제목  목표 형태 1 수행기간

WP-
1 

프로젝트 
관리 

4 가지 프로젝트 요소 관리  
(시간, 비용, 품질, 위험) 

M 
1st to 

3rd year

WP-
2 

프레임워크 
및 모형 

직무복잡도 요소를 체계적으로 다루고 
연구하기 위한 개념적 프레임워크 및 

모형 개발 
C 1st year

WP-
3 

복잡도 요소 
인지적 직무 복잡도 요소의 도출 및 

조직화 
C & 
E 

1st year

WP-
4 

모형기반의 
방법 

모형 기반의 인지적 직무 복잡도 평가 
기법 개발 

C 
1st to 

2nd year
WP-

5 
직무평가 

비정상 상황 및 일상직무 상황에서의 
TACOM 의 적용가능성 조사연구  

C & 
E 

2nd year

WP-
6 

정보화면 
설계원칙 

직무 복잡도 개념에 기반한 
정보디스플레이의 개념적 설계 원칙 제안

C & 
E 

2nd to 
3rd year

WP-
7 

사례연구 
개념적 연구결과의 활용성 확보를 위한 

사례 연구 
E 

2nd to 
3rd year

(Note 1: M -> 관리, C -> 개념/이론연구, E -> 실증연구) 

 

IV. 연구개발결과 

본 연구의 결과물은 다음과 같으며 각 결과는 세부 연구 패키지에 대응 된다.  

- 복잡도 요소를 체계적으로 이해하고 연구하기 위한 개념적 프레임워크 및 

운전원이 사용하는 지식의 형태에 초점을 둔 복잡도 모형의 개발 

- 보다 실용적인 인지적 직무 복잡도 모형 및 이 모형에 기반한 21 개의 직무 

복잡도 요소의 도출 및 조직화 

- 모형 기반의 인지적 직무 복잡도 평가 기법 개발 

- 비정상 상황 및 일상직무 상황에서의 TACOM 적용 가능성 조사 및 가능성 

확인 

- 개발된 이론적 연구의 활용 가능성을 높이기 위한 사례 개발 

- 직무 복잡도 개념에 기반한 기존의 정보 화면 설계 원칙의 재해석 

 

V. 연구개발결과의 활용계획 및 건의사항 
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본 연구의 결과는 원자력 산업계 뿐만 아니라 학계에서도 활용될 수 있을 것으로 

기대된다. 본 연구에서 사용된 연구 방법 및 이론적인 연구 결과른 인적 수행도 및 

직무 분석에 관련된 인지시스템공학 및 인간-컴퓨터 상호작용의 수업에서 참고 

자료로 활용될 수 있을 것이다. 원자력 산업계에서는 다음의 측면에서 활용될 수 

있을 것으로 기대된다. 

 

- 비정상 상황 및 일상직무 상황에서의 직무 복잡도 평가 

- 직무 복잡도 요소의 체계적인 도출 및 파악을 통한 직무 복잡도의 감소 

방안 도출에 기여 

- 직무 복잡도 평가 결과를 활용해 절차서 기반의 직무 설계 개선 

- 인간-기계 인터페이스의 개념적 설계를 평가하는데 도움이 되는 원칙 제공 

 

또한 본 연구에서 개발된 프레임워크 및 모형은 직무 복잡도 요소를 이해하고 직무 

복잡도를 평가하는 목적으로 다른 산업 시스템에서도 활용될 수 있을 것이다.  
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Summary 

 

I. Project Title 

Development of Model-Based Method for Evaluating Cognitive Task Complexity 

and Human-Machine Interface Design in Nuclear Power Plants 

 

II. Objective and Importance of the Project 

The purpose of this project is to develop a model-based, analytical method for 

evaluating the complexity of tasks and human-machine interface (HMI) designs in 

nuclear power plants (NPPs), thereby contributing towards systematic evaluation of 

human performance and nuclear safety.  

Human operators’ cognitive task complexity is an important measurable 

concept that can describe and predict human performance when they interact with 

automated systems and other artefacts in NPPs. Several studies have attempted to 

develop methods to identify factors affecting task complexity and to evaluate the 

complexity of tasks and HMI in a range of complexity systems, as well as NPPs. 

While the methods developed so far have been useful to assess and manage human 

operators’ complexity, they exhibit several limitations in common. Firstly, they 

focus on dealing with the complexity of a particular task situation or work domain 

(e.g. emergency task situation). Thus the problem of whether they can be effectively 

used to other task situations or work domains must be studied. Secondly, most of 

them identified task complexity factors and evaluated task complexity in an 

empirical way; there is no sound theoretical framework underlying them. Thirdly, 
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they do not offer a detailed, structured ways to bridge the gap between the 

evaluation of cognitive task complexity and the design of tasks and HMI. For these 

reasons, it can be said that the currently available methods may not be suitable to 

evaluate task complexity in an analytical manner and cannot be widely used to 

various types of tasks. Particularly, there is a lack of studies on evaluating task 

complexity in abnormal situations and daily task situations in NPPs. Additionally, 

those methods rarely put the complexity concept into the core parameter when 

designing tasks and HMI. The identification of task complexity factors and the 

evaluation of task complexity would be more beneficial when they can be effectively 

used for the design of tasks and HMI. 

With these points in mind, this project aims to develop a model-based, 

analytical method for identifying task complexity factors and evaluating the 

complexity of tasks and of the conceptual designs of HMI, which is based on 

theories and models in the field of cognitive systems engineering (CSE) and human-

computer interaction (HCI). The purpose of this project will be achieved by the 

following research objectives. 

- To develop a framework and model for studying complexity factors affecting 

human operators’ performance 

- To identify and organize cognitive task complexity factors 

- To develop a model-based method for evaluating cognitive task complexity 

- To examine the applicability of TACOM (TAsk COMplexity) to abnormal 

situations and daily task situations 

- To develop application examples demonstrating the use of conceptual results 

- To propose a set of principles for designing information displays, based on 

the concept of cognitive task complexity 
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III. Scope and Contents of Project 

The period of this project is three years, and the following seven work packages 

comprise the project, each of which is related to one research objective described 

above.  

No Title  Objective Type1 Main 
Time 

WP-1 Project 
Management 

To manage four project management 
factors             

(risk, cost, quality, and time) 
M 1st to 

3rd year 

WP-2 
Complexity 
Framework 

& Model 

To develop a framework and model for 
studying complexity factors affecting 

human operators’ performance  
C 1st year 

WP-3 Complexity 
Factors 

To Identify and organize cognitive task 
complexity factors C & E 1st year 

WP-4 Model-based 
Method 

To develop a model-based method for 
evaluating cognitive task complexity C 1st to 

2nd year 

WP-5 Task 
Evaluation 

To examine the applicability of TACOM 
to abnormal situations and daily task 

situations 
C & E 2nd year 

WP-6 
Display 
Design 

Principles 

To propose a set of design principles for 
information displays, based on task 

complexity concept 
C & E 2nd to 

3rd year 

WP-7 Case Study 
To develop application examples 

demonstrating the use of conceptual 
results 

E 2nd to 
3rd year 

(Note 1: M -> Management, C -> Conceptual study, E -> Empirical study) 

 

IV. Results of Project 

This project produced the following results, each of which corresponds to each 

work package.  

- A conceptual framework for addressing complexity factors and a model of 

complexity focusing on knowledge types that human operators employ 

- A more practical model of task complexity and identification of twenty-one 

task complexity factors based on this model 
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- Development of a model-based method for identifying task complexity 

factors and evaluating cognitive task complexity 

- Confirmation of the applicability of TACOM (TAsk COMplexity) to 

abnormal situations and daily task situations 

- Development of application examples demonstrating the use of conceptual 

research results 

- Reinterpretation of well-known principles for designing information 

displays, based on the concept of cognitive task complexity 

 

V. Proposal for Applications 

The results of this project are expected to be used in academic world as well as 

nuclear industry. The research methods and theoretical results can be used as 

references in the academic courses of CSE and HCI, which are related to human 

performance evaluation and task analysis. In nuclear industry, the results can be 

used in the following ways. 

- Evaluating the complexity of procedure-based tasks in abnormal situations 

and daily task situations 

- Reducing the complexity of procedure-based tasks through systematically 

identifying and organizing task complexity factors 

- Redesigning procedure-based task designs based on the evaluation results of 

task complexity 

- Supporting designers in the formative evaluation of conceptual designs of 

HMI 

The framework and models developed in this project can also be used in other 

industrial systems to understand task complexity factors and evaluate task 

complexity.  
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I. Introduction 

1.1 Purpose and Research Motivation 

The purpose of this study is to develop a model-based method for identifying 

cognitive task complexity factors and evaluating the complexity of tasks and 

human-machine interface (HMI) designs in nuclear power plants (NPPs), thereby 

contributing towards systematic evaluation of human performance and nuclear 

safety.  

It has been reported that human operators’ task performance is critical in 

improving the safety of NPPs (de Carvalho, 2006; Ham, Park, & Jung, 2008a). Thus 

it is important to understand the factors influencing human operators’ task 

performance and to design proper means to enhance task performance.  Task 

performance is determined by a large number of different factors; however, task 

complexity has long been considered as one of the most important factors (Vicente, 

1999). The systematic understanding and measurement of task complexity is a very 

essential research activity to improve task performance. As the nature of tasks in 

modernized human integrated systems, such as NPP, is information and knowledge 

handling, cognitive task complexity should be thoroughly studied. 

Several attempts have been made to understand and measure cognitive task 

complexity in other complex systems as well as nuclear industry. Their major 

contributions are the identification of a range of complexity factors and examination 

of how these factors can determine the level of cognitive task complexity. Some of 

the earlier studies developed a method of evaluating cognitive task complexity 

quantitatively (e.g. TAsk COMplexity (TACOM), Park & Jung, 2006). Through the 

earlier studies, we could develop an understanding of cognitive task complexity 

more accurately and practically. However, there are still some limitations of the 
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earlier studies, which must be further studied to manage cognitive task complexity 

more systematically.  

Firstly, most of the earlier studies identified complexity factors in an empirical 

manner, such as observation, survey, and historical performance data. An empirical 

approach to discovering complexity factors is surely meaningful in that identified 

complexity factors can be more reflective of actual task contexts. However, these 

factors may not be relevant to other task contexts as they are specific to a particular 

type of task or work domain. Another drawback of empirically identified factors is 

that it is not easy to understand their interrelationships because they are not derived 

based on a theoretical model.  

Secondly, relating to the first limitation described above, little attention has 

been paid to the complexity of tasks designed for abnormal situations and daily task 

situations, such as maintenance, which are conducted outside main control room. 

Historical accident and incident data shows that many safety-critical human error 

and human performance problems happen in those situations. But most of the 

earlier studies were focused on the complexity of tasks specified for coping with 

emergency situations. For example, TACOM, which is the basis of this study and 

well-known complexity measure in nuclear industry, has not been applied to those 

task situations.  

The third limitation can be found in the limited use of the results obtained in 

the earlier studies. The identification of task complexity factors and the evaluation 

of task complexity should be ultimately used to improve the designs of task and 

HMI, such as information display, task procedure, and task allocation. However, 

most of the earlier studies do not provide any ways of applying the results of 

complexity evaluation to the design of task and HMI.  
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This study aims to address these weak points found in the previous studies on 

cognitive task complexity and then to develop an improved method for identifying 

task complexity factors and evaluating task complexity, which can be widely used 

irrespective of the characteristics of particular tasks or work domains. For this, as a 

foundational research activity, we develop a comprehensive conceptual framework 

for studying task complexity and other related issues.  

The complexity of tasks designed for abnormal situations and daily task 

situations can be studied in three ways. Like many other studies, an empirical 

method can be used to identify task complexity factors in those situations. 

Alternatively, one of the earlier studies can be extended to deal with this issue. 

Lastly, a new model-based method, which is based on a sound theoretical 

framework, can be developed. In this study, we are concerned with the second and 

the third approach to tackle the first and the second limitations described above. 

Particularly, regarding the second approach, we examine the applicability of 

TACOM to those situations because it provides a simplified, but meaningful 

method of evaluating task complexity quantitatively.   

This study develops a new model-based method in a way that it can be 

generally used for various task situations including abnormal situations and daily 

task situations. In order to enhance the usefulness of the model-based method, this 

study addresses the problem of how to apply the measurement of task complexity 

using the method to the design of tasks. This attempt is helpful to overcome the 

third limitation of the earlier studies. As another attempt to tackle the third 

limitation, this study examines how the concept of task complexity can be used in 

the conceptual designs of information displays and then reinterprets well-known 

principles for designing information displays in terms of task complexity.  
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1.2 Research Scope 

The purpose of the study was achieved by addressing six different sub research 

topics, each of which is the objective of a work package (Table 1-1).  Figure 1-1 

shows how the work packages are interrelated and contribute towards achieving 

the purpose of the study. Chapter 3 of this report describes research results of the 

work packages in detail.  

 

<Table 1-1. Summary of Work Packages> 

No Title  Objective Type1 Main 
Time 

WP-1 Project 
Management 

To manage four project management 
factors             

(risk, cost, quality, and time) 
M 1st to 

3rd year 

WP-2 
Complexity 
Framework 

& Model 

To develop a framework and model for 
studying complexity factors affecting 

human operators’ performance  
C 1st year 

WP-3 Complexity 
Factors 

To Identify and organize cognitive task 
complexity factors C & E 1st year 

WP-4 Model-based 
Method 

To develop a model-based method for 
evaluating cognitive task complexity C 1st to 

2nd year 

WP-5 Task 
Evaluation 

To examine the applicability of TACOM 
to abnormal situations and daily task 

situations 
C & E 2nd year 

WP-6 
Display 
Design 

Principles 

To propose a set of design principles for 
information displays, based on task 

complexity concept 
C & E 2nd to 

3rd year 

WP-7 Case Study 
To develop application examples 

demonstrating the use of conceptual 
results 

E 2nd to 
3rd year 

(Note 1: M -> Management, C -> Conceptual study, E -> Empirical study) 
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SW Quality & 
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<Figure 1-1. Relationship between work packages> 
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II. Trends of Research and Development 

2.1 State of the Art in Evaluating Task Complexity1 

Complexity-related issues have been key research topics in human involved 

complex socio-technical systems (Sheridan, 2002). Typical research issues include: 

classification of complexity type, complexity influencing factors, complexity 

evaluation methods, and links between complexity measurements and human 

performance. However, a central theme underlying them is how to identify task 

complexity factors and how to measure complexity based on the factors. In the 

nuclear industry, Institutt For Energiteknikk (IFE) of OECD Halden reactor project 

has conducted this issue for a long time (Collier, 1998; Braarud, 2000).  

The main research works conducted by IFE include: 

- Theoretical background on complexity in NPPs 

- Development of complexity questionnaires 

- Initial testing by operator rating 

- Analysis of operators complexity ratings 

- Analysis of structure of complexity ratings (factor analysis) 

- Development of a complexity profiling questionnaire 

- Performance prediction from complexity rating studied in one 

experiment 

- Detailed analysis of structure of operators task complexity ratings 

- Detailed analysis of relationship between operator complexity rating 

and performance measures 

 

Although they identified a set of task complexity factors and developed a 

questionnaire examining subjective task complexity, their research works have also 

some limitations that were explained in Chapter 1. They employed empirical 

                                                 
1  The comprehensive, detailed review of complexity factors and task complexity evaluation methods are 

described in Chapter 3 (section 3.1 and 3.2). 
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approach to addressing the research issues and paid a little attention to the 

complexity of abnormal situations and daily operations in NPPs. This is because 

their main research focus was on subjective complexity, not objective complexity. 

However, in order to extend the use of task complexity measurements, objective 

complexity related to the design of tasks and HMI should be evaluated 

appropriately. As most of the tasks in NPPs are specified on task procedures, the 

complexity of tasks specified on task procedures must be a main research focus. In 

this regard, the studies conducted by Korea Atomic Energy Research Institute 

(KAERI) are very valuable.  

KAERI has conducted studies on task complexity factors and task complexity 

evaluation over the last ten years. One of the major research results is TACOM that 

is a measure for evaluating the complexity of tasks stipulated to cope with 

emergency situations in NPPs (Park & Jung, 2006). Its practical usefulness has been 

sufficiently verified by using human performance data collected in a full-scope 

simulator. The empirical studies showed that the complexity of tasks measured by 

TACOM could be a good indicator predicting task performance time and mental 

workload. One big advantage of using TACOM is that it offers a simplified method 

of quantifying task complexity and a computer-based tool supporting the 

measurement of task complexity.  

Relating to the studies conducted by KAERI, Korea University of Technology 

and Education developed a method for evaluating cognitive workload in 

emergency situations and identified task complexity factors by using multivariate 

statistical methods, such as factor analysis (Jung, Jung, & Park, 2005). They also 

proposed a fuzzy linguistic approach to evaluating task complexity in NPPs in 

order to resolve the uncertainty issues resulting from the subjective vagueness of 

task complexity. This approach was validated in the laboratory experimental setting.  
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Although it is not directly associated with the main research issue of this 

study, a classification of performance shaping factors (PSFs) can be referenced to 

identify task complexity factors (Hollnagel, 1998). PSFs have been extensively 

studied as a foundation for human reliability analysis (HRA) in KAERI. They 

developed a practical classification system of PSFs (Kim and Jung, 2003). Their 

classification distinguished PSFs into four categories: human, task, system, and 

environment. Of those, the PSFs of task can be meaningful task complexity factors. 

Thus their extensive studies on HRA and PSFs can be usefully referenced for this 

study. 

 

2.2 Importance of This Study 

The studies on task complexity evaluation in South Korea, most of which are driven 

by KAERI, have unique points and a good prospect that can lead this research area 

worldwide. Additionally, KAERI has a lot of human performance data that have 

been collected for the last ten years in the context of full-scope NPP simulator. Such 

a collection of human performance data is absolutely needed in order to verify the 

theoretical soundness of a task evaluation method and to understand task 

complexity-related issues more deeply and comprehensively. Thus South Korea 

stands in a good position to become a world-leader in the areas of task complexity 

evaluation and task design.  

However, more theoretically sound frameworks and concepts need to be 

developed to complement the research results having been developed so far in 

South Korea and to support the research activities on task complexity evaluation 

and human performance prediction that are currently conducted or are planned. 

When the tasks in abnormal situations and daily operations must be measured and 
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improved in terms of complexity, the importance of those theoretical studies would 

be more important. This study is expected to contribute to the research community 

of South Korea in this aspect by developing a model-based method for evaluating 

task complexity based on concepts and principles of cognitive systems engineering 

(CSE) and human-computer interaction (HCI). As there have been very few 

attempts to identify task complexity factors and to evaluate the complexity of tasks 

and HMI in NPPs in an analytical manner, the results of this study will be useful to 

develop more effective methods for evaluating task complexity and improving task 

and HMI designs, thereby enhancing the safety of NPP operation.  
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III. Methodologies and Results 

3.1 Framework and Model of Complexity Factors 

The central concept of this study is task complexity. Although we are primarily 

concerned with task complexity, it is necessary to study task complexity in relation 

to other types of complexity. As a foundation study, we firstly conducted a 

comprehensive literature review on complexity types and complexity factors. Based 

on this review, we developed a framework for studying complexity factors. This 

framework served as a conceptual basis for other research activities in this study. 

 

3.1.1 Introduction 

Complexity is a conceptual construct that must be deliberately considered in 

understanding and predicting human interaction with socio-technical systems as 

well as in evaluating the design quality of cognitive artifacts (Hillburn, 2004; 

Norman, 1998). It is well known that complexity influences human performance in 

several aspects, such as mental strategy, cognitive resource usage, cognitive skill 

acquisition, mental workload, and human error (Speier, 2006; Wickens, Gordon, & 

Liu, 1998). For example, Thelwell (1994) adopted complexity factors to predict the 

types of cognitive errors that are likely to occur in complex task situations. Another 

example is the study of Campbell (1991) that examined the impact of different levels 

of complexity on the characteristics of task strategies. From the earlier studies, we 

can say that complexity should be minimized as much as possible to enhance task 

performance, and that tasks and user interfaces should be designed so as to reduce 

its negative effects on human performance (Braaud, 2000; Rauterberg, 1996). 
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<Figure 3-1. Concept map of complexity studies in human-system interaction>
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In the field of human-system interaction (HSI), a wide range of complexity 

studies have been conducted with different purposes. Figure 3-1 shows core 

research topics related to the complexity of HSI and their relationships. The exact 

definition of complexity concept would be the prerequisite for addressing 

complexity studies. Although there have been many attempts to define complexity, 

it is never easy to define and therefore sometimes is used without definition 

(Hollnagel & Woods, 2005). Complexity is a kind of emergent property and thus 

needs to be approached from different viewpoints, which are dependent on several 

factors such as observers or tasks (Xing & Manning, 2005). For this reason, 

complexity has been classified into several types, which are characterized by a 

group of complexity factors reflecting particular aspects of HSI. For example, Gill 

and Hicks (2006) found that there are thirteen definitions for the complexity of 

human interactive tasks with information systems, which can be differentiated by 

five criteria. 

As shown in Figure 3-1, the study of complexity factors forms a basis of the 

other topics. Thus a systematic identification and organization of complexity factors 

is one of the most important topics.  This section addresses this research problem; 

we are particularly concerned with the problem of how to identify and organize 

complexity factors systematically, rather than the problem of discovering 

complexity factors that are meaningful to a specific context.  

The remainder of this section is organized as follows. Firstly, we 

comprehensively review earlier studies on the complexity factors of HSI and point 

out the need to develop a conceptual framework for identifying and organizing the 

complexity factors. Secondly, we present our system thinking-based approach to 

developing a framework. Then we propose a framework consisting of five views 
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and a complexity model based on the framework. Lastly, we discuss the limitations 

of our framework and suggesting future research directions related to our study.  

 

3.1.2 Review of Studies on Complexity Factors 

A. Objective and Subjective Complexity 

Through extensive literature review, Xing and Manning (2005) concluded that there 

are three basic complexity factors: numeric size, variety, and relation. More detailed 

factors can be found in the study of Rasmussen and his colleagues (Rasmussen, 

Pejtersen, & Schmidt, 1990). They proposed that the complexity of a particular work 

domain or system would be explained by seven factors: the size of problem space, 

the variety of functional elements, the number of goals and objectives of a system, 

the compatibility of goals and constraints, the number of functional elements, the 

number of connections, and the uniformity or heterogeneity of the work space. They 

pointed out that most of complexity factors cover typically both very subjective 

features depending on human users’ knowledge structure and objective features 

related to the technical properties of a system. Likewise, in a study about the 

complexity of diagnosis task, Rouse and Rouse (1979) differentiated subjective 

complexity explaining how human perceive the complexity of a system from 

objective complexity that can be quantitatively measured from the system 

properties.  

Regarding the objective complexity of a system, Endsley, Bolte, and Jones 

(2003) mentioned that it could be explained as a function of the number of items, the 

degree of interaction, the system dynamics, and the predictability of the dynamics. 

Wieringa and Stassen (1993) suggested that it could be measured with nine factors: 

the number of components, the number of common nodes, the number of 
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connection between components, the type of components and their connections, the 

velocity at which components’ states change, a signal to noise ratio, unknown 

connections during calamities, and the observability of the system.   

Boy and Bradshaw (2006) argued that subjective complexity is highly related 

to expertise and training levels, Hollnagel and Woods (2005) also mentioned that 

insufficient training and lack of experience are critical factors making cognitive 

tasks complex, together with insufficient time and knowledge, and the complexity 

of interface. 

As described above, it is meaningful to differentiate objective complexity from 

subjective complexity in studies of the complexity factors of HSI. Figure 3-2 depicts 

a general model of HSI and the relation between the objective complexity and the 

subjective complexity. But we need to ponder how to bridge the semantic gap 

between these two types of complexity. As Figure 3-2 implies, the concept of task 

complexity could be a useful means for this purpose. Task complexity is the 

connection between task input and output in relation to human capabilities and 

limitation. The task complexity addresses all the information processing steps from 

perception to action execution in terms of how to process information using 

cognitive skills and resources available. 
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<Figure 3-2. General model of human-system interaction and different focuses on 

complexity factors> 

 

B. Other Complexity Types and Factors 

The classification of objective complexity and subjective complexity is general; but 

complexity types can be differentiated by several criteria. Figure 3-2 implies that 

complexity types and their associated complexity factors can be identified 

depending on the research focuses.  In many cases, the meaning of complexity 

factors and their relations can be better understood in association with classification 

of complexity types.  

Goodstein (1981) classified three aspects of complexity that were used to 

understand the characteristics of HSI, which are structural complexity, functional 

complexity, and interface complexity. Typical complexity factors for the structural 

complexity include number of nodes, loops and variables, degree of 

interdependency, and degree of interconnectivity. The functional complexity is 

measured with function of the number of processes at a node, loop time constraints, 

and the order of systems and subsystems. Unlike the former two complexity types 

that explore the complexity of a technical system in more detail, it is not easy to 

identify factors for the interface complexity because it could depend on the level of 

interaction (e.g., operator, supervisor) and the type of task (e.g., procedure 

following, monitoring and controlling).  

Xing (2007) differentiated information complexity and cognitive complexity, 

which is similar to the distinction of objective and subjective complexity. The 

information complexity is used to describe a system and can have concrete, 

mathematically specified measures. But the cognitive complexity is concerned with 
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human cognitive activities, so it is not directly measured but can be estimated by 

some indicators.  

Endsley, Bolte, and Jones (2003) established a good framework for 

categorizing various complexity types along the layer ranging from technical 

system complexity to human perceived complexity. They stress that there are 

several different components adding up to determine the level of complexity that 

human operators must cope with. Thus complexity types should be considered in 

terms of multiple layers, which include system complexity, operational complexity 

that human operators must deal with to use the system, apparent complexity that is 

brought about by the user interface features (cognitive complexity, 

display/perceptual complexity, and task/reaction complexity). And operators’ 

mental model of the system can moderate the level of the complexity perceived by 

an individual.  

The study of Li and Wieringa (2000) offers another good framework for 

classifying the types of complexity, particularly in supervisory control work setting. 

They made a distinction between objective complexity and perceived complexity. 

With regard to the objective complexity, they divided it into technical system 

complexity and task complexity. Technical system complexity is further divided 

into process complexity, control system complexity, and human-machine interface 

(HMI) complexity. All of these objective complexity types influence human 

perceived complexity. But they emphasize that HMI complexity and task 

complexity have a direct impact on the perceived complexity because technical 

system complexity may be moderated through HMI. Such a moderating 

relationship between interface complexity (complexity of the represented systems) 

and actual system complexity has also been emphasized by other studies 

(Rasmussen & Lind, 1981; Speier, 2006). The perceived complexity is not only the 
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reflection of objective complexity types but also affected by two factors: personal 

factors like intelligence and job training and operation and management strategy 

factors. Each complexity type has its associated complexity shaping factors. For the 

process and control system complexity, one example of the factors is the variety of 

components, loops, and variables. An example factor for the HMI complexity is the 

type of display (e.g., direct manipulation interface and virtual reality).  The task 

complexity factors include the nature and diversity of tasks, the number of tasks, 

the links and dependencies among tasks, and physical and mental load of tasks, and 

uncertainty of tasks. 

 

C. Cognitive Task Complexity Factors 

As explained previously, task complexity is an important concept because it lies at 

the boundary between objective complexity and subjective complexity. Moreover 

the nature of human interaction with complex socio-technical systems (e.g. NPPs) is 

increasingly cognitive. This fact has led researchers to understand task complexity 

in terms of human cognition.  Many studies thus focused on identifying factors 

related to the cognitive task complexity. Campbell (1988) found out primary sources 

characterizing complex cognitive tasks. They are multiple paths to a desired end-

state or goal, multiple desired end-states, conflicting interdependence, and 

uncertainty or probabilistic linkages. Based on a possible combination of these four 

factors, he discerned sixteen types of complex tasks. Kieras and Polson (1985) 

studied task complexity factors at more detailed level of cognitive information 

processing. Typical factors at this level are the number of steps to perform for 

achieving a task, the amount of information to maintain in working memory, and 

the amount of knowledge to extract from long-term memory. Human reliability 

analysis (HRA) is one of research areas that examined cognitive task complexity 
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factors extensively. Standardized Plant Analysis Risk Human Reliability Analysis 

(SPAR-H) method uses fourteen task complexity factors as cognitive performance 

shaping factors (PSF) (German, Blackman, Marble, Byers, & Smith, 2005). Typical 

examples are multiple faults, parallel tasks, mental calculations required, large 

number of actions required, symptoms of one fault mask other faults, and large 

amount of communication required.   

 

D. Other Studies on Complexity Factors 

Complexity factors specific to a particular work domain have been much examined. 

We briefly introduce four studies conducted in four typical socio-technical systems. 

Woods and Roth (1986) identified four factors critical to the complexity of problem 

solving tasks in the nuclear industry: system dynamics of the process, the number of 

parts and the extent of interconnections between the parts, uncertainty and risk, and 

the multiple levels of control due to automation. Thelwell (1994) proposed more 

than twenty factors specific to process control systems, which include the number of 

control loops, the number of dynamic changing variables, the number of alarms, 

and so on. Another domain in which complexity factors has been much studied is 

air traffic control (ATC). Mogford, Guttman, Morrow, and Kopardekar (1995) offers 

a good summary of complexity factors pertinent to ATC. Typical factors include the 

number of departures and arrivals, the number of airport terminals, weather 

conditions, and sector size. Horsky, Kaufman, Oppenheim, and Patel (2003) 

examined complexity factors meaningful to the task of clinical ordering in a hospital 

system by using distributed cognition theory.  

Until now, most of the studies have been devoted to complexity factors of an 

individual’s task. But recently we have seen several studies examining the 

complexity factors for team task situations (Harvey, 2001; Rothrock, Harvey, & 
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Burns, 2005). For example, Harvey (2001) defined team task complexity along three 

primary characteristics: task scope, task structurability, and task uncertainty. Each 

characteristic is composed of several factors. For example, the task structurability 

has three factors: analyzability, alternatives, and coordination.  

Another line of research is to study how to use complexity measures to reduce 

the complexity of systems or user interfaces. In the early times of human-computer 

interaction (HCI) discipline, several attempts were made to predict task complexity 

and to design user interfaces lessening task complexity. Example studies are Goals-

Operators-Methods-Selection Rules (GOMS) model (Card, Moran, & Newell, 1983), 

Task Action Grammar (TAG) (Payne & Green, 1987), and Cognitive Complexity 

Theory (Kieras & Polson, 1985). Endsley, Bolte, and Jones (2003) suggested a set of 

interface design principles for enhancing situation awareness, which are based on 

the findings about the effectiveness of complexity factors on human cognitive 

performance. Axiomatic design theory, which is a very popular design 

methodology for dealing with complexity sources in the design of mechanical 

systems, has recently been applied to the design of socio-technical systems 

(Helander, 2007).  

 

E. Summary 

The earlier studies categorized several types of complexity and identified factors 

pertaining to the classified complexity of HSI. Thus they contributed to better 

understanding of the relationships between complexity and human performance 

and finding ways of reducing complexity. But it is not easy to understand how 

complexity factors were identified and how they are interrelated on what basis. This 

is because many of the earlier studies identified and organized the complexity 

factors without a comprehensive framework. As Campbell (1988) pointed out, deep 
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understanding of complexity factors and their relationships based on a sound 

theory or framework is absolutely required in this subject. Very few studies, 

however, have been made at developing such a framework. It is thus necessary to 

establish a conceptual framework for identifying and organizing the complexity 

factors of HSI, which can be generally used for any work domain, any task, and any 

human users.  

The purpose of our study is to propose a conceptual framework that helps 

researchers identify and organize complexity factors of HSI more systematically. We 

also aim to propose a complexity model based on knowledge types that human 

operators need to use to interact with socio-technical systems. For this, we regard a 

set of complexity factors as an abstract system and adopt a system thinking 

approach.  

 

3.1.3 Development of Conceptual Framework 

Considering the characteristics of the world of complexity factors, we can regard it 

as an abstract system (Waring, 1989).  It can be assumed that complexity as a 

conceptual construct is composed of a set of complexity factors, and that they have 

complicated interrelationships in determining the degree and the nature of 

complexity. Although complexity factors are supposed to constitute the complexity, 

complexity can also be considered an emergent property coming out of the 

interactions between them. Complexity factors can be classified in terms of their 

abstraction levels or other criteria. From these characteristics of complexity factors, 

it is reasonable to consider the world of complexity factors as an abstract system. 

We thus need to apply a system thinking approach to better understand and deal 

with problems related to complexity factors. 
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A. Requirements for Conceptual Framework 

To develop a conceptual framework systematically, we firstly derived a set of 

requirements to be satisfied in the developed framework. The main sources that we 

relied on to obtain the requirements are literature review results and our experience 

in complexity studies. However, we applied the conceptagon, which was proposed 

by Boardman and Saucer (2008), to the process of deriving the requirements in 

order to make it more systematic. The conceptagon specifies seven aspects to be 

considered in applying a system approach, thereby supporting more effective 

system thinking. As a time-related perspective is also an important element in a 

system approach, we added this perspective, which contains state, change, and 

history, to the conceptagon.  Thus, as depicted in Figure 3-3, we attempted to tackle 

the world of complexity factors holistically from the eight perspectives to make the 

requirements as comprehensive as possible. 

 

<Figure 3-3. Conceptagon-based system approach to complexity factors> 
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Based on these identified requirements, we sought to develop a framework 

addressing them. Table 3-1 summarizes the requirements and shows how we 

attempted to reflect them into the proposed framework. 

 

B. Conceptual Framework 

Before explaining the proposed conceptual framework, it is necessary to understand 

the roles and purposes of two different kinds of frameworks: conceptual and 

methodological. A conceptual framework aims to prescribe features or requirements 

that need to be represented in a model. In contrast, a methodological framework 

explains how to develop a model in a procedural way (Vicente, 1999). Taking 

account of this difference, the purpose of the proposed framework is to specify 

principles and viewpoints that should be kept in mind when identifying and 

organizing complexity factors or when establishing a complexity model. It is not 

intended to specify the detailed process for identifying and organizing complexity 

factors. 

Based on the requirements of Table 3-1, we propose a conceptual framework, 

as shown in Figure 3-4. It consists of five views, each of which gives a single unified 

dimension to identify and organize complexity factors.   

Knowledge view is about what types of knowledge human operators should 

possess and use to cope with complexity. For this view, we classify several types of 

knowledge: work domain (system) knowledge, task knowledge, strategic 

knowledge, collaboration knowledge, and interface knowledge. Cognitive resources 

required to deal with complex tasks also can be considered one item of this view. 
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Knowledge view is the central concept of this framework because all of other views 

are related to the use of knowledge. 
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<Table 3-1. Conceptagon-Based Requirements and Our Approach> 

Conceptagon Requirements Our Approach 

Emergence, 
Hierarchy, Openness 

Complexity should be regarded as a 
kind of emergent property 

(Fioretti and Visser, 2004; Xing and 
Manning, 2005) 

Our position is that 
complexity cannot be 

absolutely evaluated by 
only a combination of 

complexity factors. 
Instead several factors 

based on several views can 
collectively indicate it. 

Boundary, Interior, 
Exterior 

Complexity and its associated factors 
can be defined, depending on 

observers  
(Garcia and Gutierrez-Osuna, 2001; 

Vetersby, 2008) 

Several views should be 
offered to adjust the 
difference between 

observers 

Inputs, Outputs, 
Transformations 

Complexity of technical systems and 
human perceived complexity should 

be semantically connected 
(Garcia, 1998; Fioretti, 1998,1999) 

Our position is that task 
complexity should be a 

central complexity 
concept 

Boundary, Interior, 
Exterior 

Complexity and its associated factors 
should be defined under the scope/ 

boundary of  a system concerned 
 (Gill and Hick, 2006) 

The framework requires 
that Systems scope/  
boundary should be 

firstly defined 

All 

Complexity factors can be identified 
in either top-down manner or 

bottom-up manner  
(Campbell, 1988; Xing, 2004) 

The framework supports 
two different ways of 

identifying complexity 
factors 

Structure, Function, 
Process 

Coping with complexity enforces 
human operators to possess and use 
several types of knowledge as well 

as cognitive resources 
(Hollnagel and Woods, 2005) 

Knowledge view reflects 
this requirement 

Wholes, Parts, 
Relationships 

Complexity factors can be identified 
in relation to elements constituting 

human-system interaction 
(Li and Wieringa, 2000) 

Structure view reflects 
this requirement 

State, Change, 
History 

Nature of complexity factors should 
be considered in relation to design 

process  
(Albinson et al., 2004; Zamenopolous 

and Alexiou, 2005; Colwell, 2005) 

Design view reflects this 
requirement 

Variety, Parsimony, 
Harmony 

Diversity and category of complexity 
factors need to be considered in 

relation to context view 
(Woods and Roth, 1986;Thelwell, 

1994) 

Context view  reflects this 
requirement 

Command, Control, 
Communication 

Complexity factors can mediate or 
moderate the relationships between 
interfaces and human performance 
(Maynard and Hakel, 1997; Kirsh, 

2000) 

Role view reflects this 
requirement 
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In general, the interaction between humans and system can be modelled with 

five structural elements, which include work domain, task, interfaces, organization, 

and human operators. Structure view reflects this point. Many of earlier complexity 

studies have adopted this view (e.g., Thelwell, 1994).  

Design view claims that complexity factors can be classified along a design life cycle. 

This view divides complexity factors into three types: unavoidable (inherent) 

complexity factors, designed complexity factors, and situational complexity factors. 

Based on design knowledge, we can identify complexity factors originating from 

actually designed things, which can be systems, tasks, or other kinds of artefacts. 

For example, the number of visual objects at a user interface can be a designed 

complexity factor. In contrast, there are a group of complexity factors that cannot be 

removed or changed by designers’ attempts. The minimum number of valves and 

pipes required to operate a process control system, even if it is very large, cannot be 

changed during a design process. Thus we call them inherent or unavoidable 

complexity factors. The third category contributes to situational complexity, which 

cannot be completely predicted by designers. Their effects on the complexity 

generally occur when humans actually use systems or interfaces. Weather condition 

at air traffic control can be a good example of the situational complexity factors. 

Most of PSF in HRA are related to these factors. To identify situational complexity 

factors, a well defined theoretical framework like AUTOS can be effectively used 

(Boy & Bradshaw, 2006).  

Role view is concerned with the distinction between mediators and 

moderators. Considering the relationship between complexity factors and human 

performance, some complexity factors play a role of mediating the effects of 
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complexity on human performance. These factors thus explain how or why the 

effects of complexity occur. To the contrary, other factors moderate these effects,  

 

Structure View Design View

Role ViewContext View

Knowledge View

Top-Down 
Approach

Bottom-Up 
Approach

Scope of system 
concerned

 

 

(a) Five views of conceptual framework 

 

Determining system 
scope to study

Identifying 
complexity factors

Organizing
complexity factors

Using 
complexity factors

System scope and 
boundary

A set of complexity 
factors

Complexity model of 
categorized complexity factors

Structure View

Design ViewRole View

Context View

Knowledge View

 
 

(b) View-oriented process of identifying and organizing complexity factors 
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<Figure 3-4. Conceptual framework for complexity factors> 

 

thereby specifying when and how much the effects of complexity hold. But it should 

be noted that a complexity factor can be either moderator or mediator, depending 

on a contextual situation.  

Context view calls for that complexity factors should be examined in relation 

to contextual information. A context can usually be determined by task or work 

domain characteristics. For example, complexity factors specific to fault diagnosis 

task should be distinguished from those for planning task (Collier, 1998). Likewise, 

some factors specific to one work domain (e.g., the number of control loops in 

process control) are not meaningful to other work domains. But there is a class of 

factors that can be generalized to all the contexts (e.g., the number of actions to 

achieve a task goal).  

Complexity factors can usually be identified in two ways: bottom-up and top-

down. A bottom-up approach, which has been adopted by most of complexity 

studies, is a way of deriving complexity factors from empirical studies such as 

observation and questionnaire survey. Complexity factors identified within this 

approach well represent actual conditions increasing complexity of particular 

contexts. However, it could be difficult to generalize these factors into other 

contexts. Xing and Manning (2005) pointed out four shortcomings of a bottom-up 

approach and claimed the need to develop a framework or a set of objective 

measures, which are independent of several contextual factors including operators 

and thus can be used for a top-down approach. Technically speaking, a top-down 

approach should be regarded as a way of helping to conjecture or assume a set of 
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complexity factors. These assumed factors need to be validated with a bottom-up 

approach because they are just possible candidates influencing the complexity of 

HSI. It should be noted that there is a supplemental relationship between two 

approaches because they have their own strengths and drawbacks. Thus the 

proposed framework prescribes the supplementary use of two approaches.  

Depending on how to use the five views or combine the views, the process of 

identifying and organizing complexity factors can be characterized in several ways. 

However we suggest a process depicted in Figure 3-4(b).  Although all of the views 

can be used for each activity of the process, this process is believed to be sufficiently 

useful, based on our experience in complexity studies. But we admit that there can 

be a better efficient and effective process. One core idea of this process is that 

identification of complexity factors needs to be guided by the knowledge view. To 

support the use of knowledge view, we developed a complexity factor model 

paying particular attention to the knowledge view. 

 

C. Knowledge View-Based Complexity Factor Model 

In this study, we make a difference between a framework and a model. In general, a 

framework provides a set of constructs for understanding a system or a problem, 

whereas a model is the description of a thing that actually exists (Blandford, 

Butterworth, & Curzon, 2004). So a model can usually be obtained by instantiating 

its underlying framework. Considering this difference, it can be said that the 

complexity factor model proposed here is a model that takes account of the 

underlying principles of the proposed conceptual framework, laying emphasis on 

the knowledge view.  

As described previously, the knowledge view is concerned with the 

knowledge that humans should possess and use to interact with a system. Firstly it 
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is necessary to understand what kinds of knowledge are needed. The answer to this 

question can be obtained from the studies of human mental models and cognitive 

task analysis in the field of HSI.  Many studies on mental models support that there 

are five types of knowledge in a mental model: work domain (system) knowledge, 

task knowledge, strategic knowledge, collaboration knowledge, and interface 

(device) knowledge (Jonassen & Henning, 1996; Jonassen & Hung, 2006). Although 

cognitive resources available to humans do not appear as a form of knowledge, they 

need to be added to the knowledge view in that the use of knowledge cannot be 

explained without relation to them.  Studies on cognitive task analysis also support 

these distinctive knowledge types (Rasmussen, Pejtersen, & Goodstein, 1994; 

Vicente, 1999). Figure 3-5 shows a knowledge view-based complexity factor model, 

in association with a general model of human cognitive information processing in 

the context of HSI.  
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<Figure 3-5. Knowledge view-based complexity factor model> 

The proposed complexity factor model claims that six types of knowledge 

complexity should be distinguished to use the knowledge view. Additionally, each 

of the knowledge complexity has three aspects: structural aspects, functional aspects, 

and temporal aspects. This means that the use of knowledge needs to be considered 

in the three aspects. It is known from system theory that humans have an inherent 

inability making it difficult to clearly perceive a system (Bellinger, 2010). 

Particularly, humans have blindness in three aspects: space, time, and causality. 

Taking into consideration this fact, we can say that any knowledge should be used 

to remove this blindness and the use of knowledge needs to be understood in terms 

of these three aspects. For this reason, the proposed complexity factor model 
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specifies that complexity factors related to one knowledge complexity need to be 

further classified by the three aspects.  

 

3.1.4 Summary 

In this section, we presented a range of studies on the complexity factors of HSI and 

claimed the need of developing a conceptual framework. We regarded the world of 

complexity factors as an abstract system and then adopted a system thinking 

approach to establish such a framework in a more scientific way. The proposed 

framework for identifying and organizing complexity factors is composed of five 

different views and claims the supplementary use of top-down and bottom-up 

approaches. Emphasizing the roles of knowledge view, a complexity factor model 

based on the knowledge view is also proposed.  

The framework was proposed with the aim of enabling researchers and 

designers to understand and tackle the world of complexity factors in a more 

systematic way. We thus hope that the framework could be an effective means of 

conceptualizing how complexity factors can be identified and integrated into a 

comprehensive picture. But, as is usual with a conceptual framework, our proposed 

framework has the same limitation. It is too abstract and conceptual to be easily 

applied to the problems of the complexity factors. The effective use of the 

framework needs a sort of experience and expertise on the complexity factors. A 

detailed process of using the framework would be beneficial to less this difficulty. 

Another direction to improve the use of the framework is to secure as many case 

studies as possible. Through these case studies, we expect that various ways of 

customizing the framework to specific research purposes will be established. 
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3.2 Identification of Task Complexity Factors 

In the section 3.1, we presented a conceptual framework for complexity factors and 

a knowledge view-oriented model of complexity factors. Although these conceptual 

results help researchers look at the issues about task complexity more systematically, 

we still need a more practical model of task complexity factors and a set of task 

complexity factors, which are not be specific to a particular context and thus can be 

widely used in various task situations. In this section, we explain a model of task 

complexity factors and twenty-one task complexity factors derived based on the 

model.  

 

3.2.1 Research Motivation 

Human performance is a critical factor in securing the safety and productivity of 

human integrated system, such as NPPs and advanced manufacturing systems 

(Sheridan, 2002). Thus the problem of predicting and measuring human 

performance has been a major issue in the systems (Wickens, 1992). Although a 

range of factors is known to influence human performance, complexity is regarded 

as a central concept when evaluating human performance in the systems (Park, 

2009). As described in the section 3.1, it has been reported that complexity affects 

human performance in various aspects, such as task strategy, mental workload, 

cognitive resource usage, cognitive skill acquisition, and human error (Ham, Park, 

& Jung, 2008b; Rasmussen & Lind, 1981; Speier, 2006; Wickens, Gordon, & Liu, 

1998). It can therefore be said that the comprehensive study of complexity is 

definitely necessary to understand and enhance human performance in NPPs more 

systematically.  
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In the section 3.1, we explained that the distinction between objective 

complexity and subjective complexity is meaningful to human performance, and 

that task complexity can be a useful means of bridging the two types of complexity 

(Figure 3-2). Task complexity is the connection between task input and output in 

relation to human capabilities and limitations. As the nature of human interaction 

with the systems is increasingly cognitive, the task complexity is more related to 

cognitive aspects of human operators’ tasks. Thus the task complexity should 

address all the information processing steps from perception to action execution in 

terms of how to process information using cognitive skills and resources available.  

Task complexity should be a core complexity type to measure human 

performance more systematically. Thus it is necessary to understand and 

characterize the nature of task complexity. Like other types of complexity types, 

identifying and organizing complexity factors constituting task complexity is an 

essential research activity to better understand and measure task complexity.   

Several studies have attempted to find out task complexity factors in various 

work domains. For example, Campbell (1988) identified four primary sources 

characterizing complex cognitive tasks: multiple paths to a desired end-state or goal, 

multiple desired end-states, conflicting interdependence, and uncertainty or 

probabilistic linkages. Based on the possible combination of these four sources, he 

classified sixteen types of complex tasks. As another example, Harvey (2001) 

suggested a task complexity model that is composed of three orthogonal 

dimensions characterizing the task complexity: task space representing the breadth 

and size of a task, task structurability reflecting the structural relationships between 

sub-tasks, and task uncertainty representing the degree of predictability of task 

performance. Each of the dimensions has several factors that characterize task 
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complex in more detail. For example, the task space dimension has five factors, 

which include the number of sub-tasks and the number of variables to be dealt with.  

Some of earlier studies have focused on finding out task complexity factors 

meaningful to a particular work domain or task contexts (Hillburn, 2004; Horsky, 

Kaufman, Oppenheim, & Patel, 2003; Park, Jeong, & Jung, 2005; Rothrock, Harvey, 

& Burns, 2005; Thelwell, 1994; Xing, 2004; Xing & Manning, 2005). For example, 

Park, Jeong, and Jung (2005) identified five complexity factors that are significant to 

cope with emergency situations in NPPs.  The five factors are: step information 

complexity representing how much information human operators should tackle to 

achieve a task step, step size complexity indicating how many actions human 

operators should conduct to achieve a task, step logic complexity evaluating the 

complicatedness of logical relations between task steps, abstraction hierarchy 

complexity indicating how much knowledge of work domain human operators 

should deal with to achieve a task, and engineering decision complexity 

representing how much cognitive resources should be used to make engineering 

decisions needed to achieve a task. Based on these five factors, they established a 

TACOM (TAsk COMplexity) that is a measure for evaluating the complexity of 

tasks prescribed for emergency situations in NPPs (Park, 2009).  

The earlier studies having been devoted to identify task complexity factors 

surely contributed towards understanding what factors can construct task 

complexity and how they can increase the level of task complexity. However, it is 

not easy to understand from the earlier studies how task complexity factors were 

identified and how they are interrelated on what basis. This is because most of the 

earlier studies found out task complexity factors mainly on empirical basis, without 

a sound theoretical model or framework. Very few studies have attempted at 

developing such a model or framework so far. However, analytical identification of 
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task complexity based on a sound model or framework is absolutely necessary to 

evaluate and manage task complexity factors in a more scientific way (Hillburn, 

2004). In addition to that analytical approach to identifying and organizing 

complexity factors gives a useful theoretical basis for understanding and using them, 

it can generally be used for any work domain, any task context, and any human 

users. Therefore it is necessary develop a model to identify and organize various 

task complexity factors in an analytical manner.  

The purpose of our study is to propose a model for identifying and organizing 

various task complexity factors and a set of task complexity factors based on the 

model. The proposed model regards a task as a kind of designed non-physical 

system and thus emphasizes systems approach in discerning meaningful task 

complexity factors. The model has two dimensions: design perspective reflecting 

abstraction levels of task system and complexity perspective addressing different 

aspects of task complexity.   

The remainder of this section is organized as follows. Firstly we describe 

conceptual backgrounds underlying the proposed model. Then we propose a model 

for identifying and organizing task complexity factors analytically and also explain 

twenty-one complexity factors derived from the model.  

 

3.2.2 Research Background 

A. Task as a System 

Task complexity is an emergent and global property of a task; thus it is very difficult 

to measure it completely by merely summating its constituent factors (task 

complexity factors) (Ham, Park, & Jung, 2008b; Thelwell, 1994). Nonetheless, the 

currently most favourable approach to assessing the degree of task complexity is to 
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identify task complexity factors and evaluate the individual influence of each factor 

on the task complexity-reductionism approach (Park, 2009).  As an alternative to 

reductionism approach, we can employ a holistic approach to consider the task 

complexity as a whole. A practically plausible way of pursuing a holism approach is 

to use a model that can give some insights on the interrelationships among the task 

complexity factors and understand how these interrelationships increase or 

decrease the degree of task complexity on the basis of the model. As reductionism 

and holism approach have its advantages respectively, it is useful to adopt both of 

them to identify and organize the task complexity factors. That is, systems thinking 

approach is needed-seeing the forest for the tree. Thus an analytical method for 

identifying and organizing task complexity factors should help system designers 

find out those individual factors systematically and construct a model or framework 

for organizing them meaningfully.  

Another point to consider in defining the requirements of an analytical 

method to be developed is the purpose of discerning task complexity factors. A 

primary purpose of identifying task complexity factors is to evaluate the complexity 

of tasks and then to help system designers develop ways to improve task designs in 

a way that it burdens less cognitive demands to human operators (Park, 2009; Xing 

& Manning, 2005). The improvement of task designs should be a basis in 

interpreting the characteristics of identified task complexity factors and their 

interrelationships. The design knowledge structure of tasks therefore needs to be 

comprehensively considered in the identification of task complexity factors.   

For these reasons, we regards a task as a kind of designed non-physical 

systems and applies systems thinking skills to the identification of task complexity 

factors that can collectively indicate the degree of task complexity. As explained 

above, a key ingredient of system thinking approach is to integrate reductionism 
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and holism approaches in order to understand the given problem or system 

(Waring, 1996). So it is necessary to ponder the problem of how to implement both 

the approaches in an integrated way.   

A practical reductionism approach is to decompose a task to understand its 

components and their structural relationships. These decomposed task-relevant 

information items can offer clues about meaningful task complexity factors. In this 

regard, hierarchical task analysis (HTA) or its related task analysis methods can be 

effectively used to identify task complexity factors (Annett, 2003; Annett, 2004; 

Shepherd, 1998; Stanton, 2006). Interestingly, HTA is a task analysis method 

developed on the basis of system thinking ideas, such as goals, decomposition and 

redescription, and feedback theory (Stanton, 2006). As defined in HTA, this study 

also defines a task as a sequence of actions that are semantically related to achieve 

the goals of the task, which are usually to maintain or change the states of the 

system being controlled.  And, in the decomposition of tasks, it is usual that the 

actions can be further decomposed into the smaller units that have behavioural 

goal-means relationships with the actions.  

However, in the modernized human integrated system, particularly safety-

critical system, most of task complexity factors are related to cognition-related 

activities (Hollnagel & Woods, 2005). Thus a set of meaningful task complexity 

factors can be properly identified through a systematic cognitive analysis of task-

what cognitive activities are demanded to process what kind of information in what 

way to achieve the goal of tasks (Park, Jeong, & Jung, 2005). This means that a 

thorough, detailed cognitive task analysis is an essential activity to identify task 

complexity factors.  Although HTA offers several useful concepts to decompose 

tasks, it is not sufficient to deal with human operators’ cognitive activities (Hoffman 

& Militello, 2009). Inheriting several ideas from HTA, sub-goal-template (SGT) 
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method also addresses cognitive activities reasonably (Ormerod & Shepherd, 2004; 

Ormerod, Richardson, & Shepherd, 1998; Richardson, Ormerod, & Shepherd, 1998). 

SGT method specifies four types of information handling activities-cognitive 

activities, called subgoal templates (SGTs), which include act, exchange, navigate, 

and monitor. Each SGT is composed of more detailed cognitive task elements that 

have their own information requirements. Basic ideas underlying HTA method and 

the ways of dealing with cognitive activities in SGT method can be a good basis of 

applying reductionism approach to the problem of identifying task complexity 

factors.  

Then we need to consider the problem of how to implement holism approach 

while pursuing reductionism approach as well. As described above, a viable way is 

to develop a model in which task complexity factors can be organized in a coherent 

concept. At the same time, the model needs to accommodate the task analysis 

results of reductionism approach, that is, cognitive task analysis based on HTA and 

SGT. There are two other points to be noted in establishing the requirements that 

the model must satisfy. We explained previously that the design aspects of tasks 

should be considered in the identification of task complexity factors. And, as several 

studies pointed out (Hillburn, 2004; Zamenopoulos & Alexiou, 2005), the 

complexity of a system needs to be understood from several dimensions. Thus the 

model to be developed must reflect these two points-design aspects of a task and 

complexity dimensions of a task as system. Before describing the model proposed in 

this study, the two points are explained in more detail.  

 

B. Design aspects of a task 

As a task is regarded as a designed system, a design process model in system 

engineering can be used to describe how a task can be designed and what design 
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aspects a task can be characterized by. However, as we are mainly concerned with a 

cognitive task, cognitive information handling activities must be specified in the 

design process and design aspects of a task. Of design process models available in 

system engineering, function-behaviour-structure (FBS) framework can be 

effectively used for our purpose (Gero, 1990; Gero & Kannengiesser, 2004).  

The FBS framework distinguishes three design aspects of a system or artefact: 

function (F), behaviour (B), and structure (S) (Gero & Kannengiesser, 2004). It has 

been widely applied to several types of artefacts, including physical equipments, 

software, and conceptual artefacts, such as process (Vermaas & Dorst, 2007). In the 

FBS framework, the function of a system is defined as its teleology (what the system 

is designed for). The behavioural aspect of a system describes the attributes that are 

derived or expected to be derived from the structural aspect of the system. This 

means that the behavioural aspect is related to what the system actually does. The 

structural aspect describes the visible components of a system and their 

relationships. Thus it is related to the actual appearance of the system.  

Gero and Kannengiesser (2004) claim that designers construct the 

relationships between function, behaviour, and structure of a designed system 

through experience. Particularly, designers ascribe function to behaviour by 

establishing a teleological connection between the goals and observable or 

measurable effects of the system. There is no direct relationship between function 

and structure (Goel, Rugaber, & Vattam, 2009). Instead behaviour is concretized at 

the structure. The relationships between these three aspects are very similar to the 

goal-means relationships within abstraction hierarchy, which is a well-known 

multi-level hierarchical knowledge representation framework in the field of 

cognitive systems engineering (Rasmussen, 1985).  
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The FBS framework provides a very comprehensive, generalizable model for 

describing design activities. The FBS framework represents design activities using 

five design states and eight processes transforming the design states (Vermaas & 

Dorst, 2007). The five design states are: function (F), expected behaviour (Be), 

behaviour derived from structure (Bs), structure (S), and documentation (D). The 

eight processes are: formulation, synthesis, analysis, evaluation, documentation, 

reformulation type 1, reformulation type 2, and reformulation type 2. For example, 

formulation is a design process transforming design requirements, expressed in 

function (F), into behaviour (Be) that is expected to enable this function. As another 

example, reformulation type 2 is a process addressing changes in the design state 

space in terms of behavioural variables or ranges of values for them if the actual 

behaviour is evaluated to be unsatisfactory. For more detailed explanation of each 

process, see (Gero & Kannengiesser, 2004; Vermaas & Dorst, 2007).  

As such, the FBS framework can offer a good reference model for modelling 

the design process and aspects of a task. If task complexity factors can be identified 

in association with the model based on the FBS framework, it would be easier to 

find out the areas where task designs should be improved.  To apply the FBS 

framework to the design process and aspects of a task, we need to think of the three 

design aspects of a task (Figure 3-6). Considering the purpose of a designed task, we 

can easily conclude that the functional aspect of a task is interpreted as the goals of a 

task to be achieved by human operators or automation in the system. As the 

structural aspect of a task is its actual appearance, the decomposable syntactic task 

structure corresponds to the structural aspect. Lastly, as the role of behavioural 

aspect is to do some things to achieve the functional aspect of a task (the goals of a 

task), it can be said that the behavioural aspect includes some of cognitive 

information handling activities, such as information collection, information analysis, 
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and judgment. Although it is possible to classify the behavioural aspect into two 

types (expected behaviour, behaviour derived from state), it seems unnecessary 

because our main concern is to identify task complexity factors in association with 

the three design aspects of a task.  

 

 

<Figure 3-6. Three design aspects of task system> 

 

C. Complexity Dimensions 

The earlier studies on complexity emphasized that complexity is a multi-

dimensional characteristic of a system. To view the complexity of a system more 

thoroughly, it is necessary to look at the complexity in several dimensions. 

Although it is not absolute classifications, many studies agree on that three 

dimensions (size, variety, and order and organization) can meaningfully 

characterize the complexity of a system (Zamenopoulos & Alexiou, 2005). 

According to the study of Zamenopoulos and Alexiou (2005), complexity is defined 

in relation to the size or the resources needed to describe it. Complexity is also 
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identified with variety that is closely related to the concept of entropy. Order and 

organization is concerned with the constraints that a system satisfies. Sometimes it 

also represents a process towards a state of minimum entropy-the most predictable 

state with least uncertainty.  

The representativeness of these three complexity dimensions can be found in 

other studies as well. Harvey (2001), as described in section 1, classified three 

dimensions of task complexity, which are called task space, task structurability, and 

task uncertainty. The meaning of each dimension is similar to the three complexity 

dimensions (size, variety, and order/organization) described above respectively. 

Based on the earlier studies, it seems to be reasonable and sufficient to use the three 

complexity dimensions to identify task complexity factors.  

 

3.2.3 Model-Based Approach to Complexity Factors 

A. Model of complexity factors 

Based on the theoretical foundations described in section 2, we propose a model-

based method for identifying and organizing task complexity factors. A key element 

of the method is a model of task complexity factors, which appears as a form of 

matrix consisting of two facets-design aspects of tasks and complexity dimensions 

(Figure 3-7). 
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Complexity Dimension 
Design Aspect of Task 

Size Variety Order/Organi
zation 

Note Situation Awareness 

Functional Aspect of Task    Related to task 
level Level 1 Level 2 Level 3 

Information 
Collection       

Information 
Analysis       

Decision and 
Action Selection       

Action 
Implementation       

Behavioural 
Aspect of Task 

(Part of 
cognitive 

activities to be 
considered for 
Automation or 

Aiding) 

Action Feedback    

Related to step 
level (Selection of 
complexity factors 

is dependent on 
the objective of 
actions (action 

verbs)) 

   

Structural Aspect of Task    Related to task 
level 

: much related   
: moderately related  

: little related 
 

<Figure 3-7. Model for identifying and organizing complexity factors> 
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The design aspects of tasks, which are based on FBS design framework, leads 

system designers to identify task complexity factors along design abstraction levels 

and to understand the relative influence of the factors on the degree of complexity. 

Thus this helps to decide and prioritize the task design areas in which some efforts 

should be made to reduce task complexity. The complexity dimensions ask system 

designers to consider the nature of complexity related to each design aspect from 

the three viewpoints.  

 However, two points need to be noted as for the design aspect. The proposed 

model classifies the behavioural aspect of a task into five cognitive activity types. As 

explained previously, the behavioural aspect is concerned with the cognitive 

activities needed to achieve the goals of a task. As most of task complexity factors 

are believed to be related to this behavioural aspect, more detailed analysis of this 

aspect is useful to find out as many different task complexity factors as possible. The 

five cognitive activity types are: information collection, information analysis, 

decision and action selection, action implementation, and (dealing with) action 

feedback from the system. They are classified on the basis of typical cognitive 

information processing models, such as Rasmussen’s decision ladder (Rasmussen, 

Pejtersen, & Goodstein, 1994). And this classification also seems to be meaningful to 

the identification of task complexity factors. 

Another thing to note is related to the complexity of different levels of task 

hierarchy. In this study, decomposed sub-tasks of a task are called steps and further 

decomposed sub-steps of a step are called actions. An action is usually composed of 

an action verb and an action object. Proceduralized tasks designed for coping with 

emergency or abnormal situations in NPPs are good examples showing the 

hierarchical structure of tasks. An example of task hierarchy comprising steps and 

actions is shown in Figure 3-8. However, the proposed model specifies that the 
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functional and the structural aspects address the complexity of task level, whereas 

the behavioural aspect is concerned with the complexity of step level. Complexity 

factors related to the goals of a task and its structural forms need to be considered at 

the level of task. But the level of task is too broad to identify complexity factors 

related to cognitive activities; thus it is necessary to identify complexity factors 

relevant to the behavioural aspect at the level of step. Because the complexity factors 

of a step are not linked to all of the cognition activity types in the behavioural aspect, 

it is necessary to determine meaningful cognition activity types for the step and to 

evaluate its relevant complexity factors.  

 

 

<Figure 3-8. Part of task procedure for coping with Steam Generation Tube Rupture 

(SGTR)> 
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Depending on the size or the structure of a step, it would be sometimes more 

reasonable to divide the actions of the step into several groups that are logically 

related and then to consider the complexity of each group individually. In Figure 4, 

all the two steps are composed of two parts: instructions and contingency actions, 

which are the usual case in the task procedures for emergency situations in safety-

critical systems. Depending on the outcomes of conducting instructions, 

contingency actions can be conducted or not. In this case, instead of considering all 

the actions in a step at the same time, it would be more meaningful to evaluate the 

complexity of each group of actions separately.  

The matrix of the model has twenty-one cells, each of which corresponds to 

one unique task complexity factor. Thus we can identify twenty-one complexity 

factors by using the model. However, task decomposition and other analysis 

activities, which are usually conducted in HTA and SGT method, are required to 

identify task complexity factors in due consideration of two facets, particularly the 

design aspects. This means that reductionism approach is accommodated in the 

model, though its use is not explicitly specified.  As twenty-one complexity factors 

can be interpreted and associated by the concepts underlying two facets, it can be 

said that the model facilitates the use of holism approach.  

The model has another two features to be noted. Firstly, the detailed 

identification of task complexity factors in the behavioural aspect can be used as a 

reference scheme for dealing with the problems of task allocation and information 

aiding. A cognitive action type that results in the high increase of task complexity 

can be allocated to automation system to reduce the mental load of human 

operators (Endsley & Kaber, 1999; Parasuraman, Sheridan, & Wickens, 2000). 

Instead of relying on automation, some type of information aiding relevant to the 

cognitive action can be designed to support human operators (Yoon & Hammer, 
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1988). Such a consideration connected to task allocation and information aiding is 

important to support human operators’ cognitive tasks, together with task design 

improvement (Hollnagel & Bye, 2000).  

Secondly, the model specifies the relationships between situation awareness 

and five cognitive action types of the behavioural aspect. These relationships are 

based on the studies of Endsley and Kaber (Endsley & Kaber, 1999; Kaber, Wright, 

Prinzel, & Clamann, 2005). Although they are not absolute relationships and 

situation awareness is influenced by various factors, we can fairly predict how the 

complexity of a task or steps can affect the level of situation awareness.  Such a 

prediction can be used as a basis for enhancing situation awareness of human 

operators.  

 

B. Complexity factors based on the model 

The proposed model specifies conceptual requirements that must be considered 

when identifying task complexity factors and offers a conceptual scheme with 

which identified complexity factors can be meaningfully construed and organized. 

It does not specify particular task complexity factors; there is no absolute, standard 

method of identifying them. The users of the model need to identify task complexity 

factors for themselves, taking into consideration the meaning of each cell in the 

matrix of the model. Thus different set of task complexity factors can be derived, 

depending on the model users’ subjective judgment, experience, viewpoint on 

complexity, and so on. However, based on the authors’ experience on complexity 

studies and literature review results, we propose twenty-one complexity factors, 

each of which is believed to reflect the meaning of their corresponding cell in the 

matrix of the model (Figure 3-9). Although the twenty-one factors shown in Figure 

3-9 would not be the complexity factors making the most of the proposed model  
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Complexity Dimension 
Design Aspect of Task 

Size Variety Order/Organization 
Situation Awareness 

Functional Aspect of Task Span of Abstraction-
Decomposition space Number of task goals Number of precoditions Level 

1 
Level 

2 
Level 

3 

Information 
Collection 

Number of variables to 
collect/identify 

Number of different 
types of collected 

variables 

Number of sources to 
collect information    

Information Analysis 
Number of variables to 

be derived/produced 
cognitively 

Number of different 
types of derived 

variables 

Number of cognitive 
operations to be 

conducted 
   

Decision and Action 
Selection 

Number of decision 
making variables 

Number of possible 
paths to achieve a step 

goal 

Number of subjective 
judgment needed for 

decisions 
   

Action 
Implementation 

Number of control 
items to act on 

Number of different 
types of control items 

Number of 
considerations to be 

paid at the same time 
   

Behavioural Aspect 
of Task 

(Part of cognitive 
activities to be 
considered for 
Automation or 

Aiding) 

Action Feedback Number of variables to 
confirm 

Number of different 
types of variables to be 

confirmed 

Number of sources to 
get feedback from    

Structural Aspect of Task Number of steps Logical relation 
between steps 

Number of warning or 
referential information 

: much related  
: moderately related 

: little related 
 

<Figure 3-9. Task complexity factors identified based on the model> 
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and the most representative factors, we believe that they have no critical deficiencies 

in evaluating the degree of task complexity.  

We do not explain all of them here in detail. Instead we take a close look at six 

complexity factors to give examples of how they characterize the complexity of 

tasks individually and collectively from a particular viewpoint. The three factors 

characterizing the complexity of tasks at the functional aspect are: Span of 

abstraction-decomposition space, Number of task goals, and Number of preconditions. 

When human operators conduct a task, he needs to know the knowledge about the 

system affected by the results of the task. The size of the system knowledge needed 

to achieve a task can be influential in increasing the degree of the task complexity. 

Span of abstraction-decomposition space is aimed at addressing this perspective. It 

evaluates what part of the controlled system must be considered to achieve a task in 

terms of functional abstraction and physical decomposition. In human integrated 

systems, the most widely used framework for representing the system knowledge is 

abstraction hierarchy (AH) proposed by Rasmussen (1985). The AH represents the 

system knowledge with two dimensions: functional abstraction and physical 

decomposition. The factor Span of abstraction-decomposition space employs the AH 

concept to evaluate the size of the system knowledge that human operators need to 

know to achieve a task.  

If a task has multiple goals to be achieved at the same time or in sequence, 

human operators would perceive the task more complex than a task with a single 

goal. If a task has multiple goals, the way of conducting the task would be various 

depending on the nature of the goals. The factor Number of task goals reflects this 

perspective of task complexity. Thus the purpose of this factor is to evaluate how 

many goals a given task should achieve. Sometimes we can find a task with 

multiple goals that are not explicitly specified in the sentence describing the task. 
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Thus the description of tasks should be carefully examined to identify the exact 

number of task goals. 

 There are some tasks that cannot be conducted until certain preconditions are 

satisfied, most of which are clearly specified in the description of tasks. In this case, 

human operators must check whether the preconditions are met or not. Such a 

checking process can surely be a factor making it more difficult to conduct a task. 

The factor Number of preconditions captures this perspective of task complexity.  

The three task complexity factors explained next are related to information 

analysis activity at the behavioural aspect. The purpose of this cognitive activity is 

to analyze the collected information that is needed for the task and to produce other 

information that is more useful to decision making and planning. The complexity of 

task steps concerned primarily with information analysis activity can be examined 

by the three factors: Number of variables to be derived/ produced cognitively, Number of 

different types of derived variables, and Number of cognitive operations to be conducted.  

If the number of variables to be derived from collected information increases, 

it would be more difficult to finish information analysis activity successfully. Thus 

the factor Number of variables to be derived/ produced cognitively can be a useful 

complexity factor to address the complexity of information analysis.  Consider the 

following simple task step requiring information analysis activity: ‘Confirm that the 

difference between the flow rate of valve A and that of valve B is larger than the 

difference between the flow rate of valve C and that of valve D.’ Let’s assume that 

all the required information for information analysis are acquired, which include 

the flow rates of four valves (A: 6 ml/sec, B: 3 ml/sec, C: 10 ml/sec, D: 8ml/sec). 

Then three variables (information) must be newly derived for this step, which are 

the difference between the flow rate of valve A and that of valve B (6 – 3 = 3), the 

difference between the flow rate of valve C and valve D (10 – 8 = 2), the result of 
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determining whether the former difference is larger than the latter (yes or no). Thus 

the value of the factor Number of to be derived/ produced cognitively in this task step is 3.  

If the types of variables to be derived are different, human operators might 

accordingly use different ways of using limited cognitive resources, such as 

attention and working memory. Thus the factor Number of different types of derived 

variables can be a meaningful indicator for the complexity of information analysis 

activity. In the example step above, two derived variables (two differences) are 

integer type, whereas the other derived variable (the result of judgment is binary 

type (yes or no). Thus, in this case, the value of the factor Number of different types of 

derived variables is 2.  

In order to derive or produce variables required of information analysis 

activity, human operators must perform several cognitive operations, such as 

memorizing, calculating addition, and comparison, which can be regarded as the 

cognitive unit smaller than the five types of cognitive actions at the behavioural 

aspect of tasks.  If the way of deriving or producing variables is not well organized, 

the number of required cognitive operations to obtain them would increase, thereby 

making it more difficult to do information analysis. The factor Number of cognitive 

operations to be conducted reflects this perspective of the complexity of information 

analysis activity. In the example step above, four cognitive operations are needed. 

They include: calculating the difference between the flow rate of valve A and that of 

valve B, calculating the difference between the flow rate of valve C and that of valve 

D, comparing the two differences, and making a judgment whether the compared 

value is positive or negative.  
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3.2.4 Summary  

This section described a model of task complexity factors from which task 

complexity factors can be deductively derived. The proposed model emphasizes 

that a task is a designed system and thus the design model of a task should be 

reflected in a model of task complexity factors. And it also emphasizes that task 

complexity should be considered from several perspectives. Based on the model, we 

identified twenty-one task complexity factors that collectively characterize the 

complexity of tasks. 

 

3.3 Model-Based Evaluation of Task Complexity 

Based on the model and the factors proposed in the section 3.2, this section proposes 

a model-based approach to evaluating the complexity of tasks. Firstly, we explain 

how to use the twenty-one task complexity factors shown in Figure 3-9. Secondly, 

we suggest a process to use the model of task complexity factors, which emphasizes 

systematic task analysis. Lastly, complexity factors identified by some of the earlier 

studies are reviewed in the proposed model and compared with the twenty-one 

complexity factors identified in this study, which gives some insight to improve the 

proposed model.  

 

3.3.1 Use of Complexity Factors 

It would be difficult for the users of the model to manipulate the suggested twenty-

one factors systematically for task situations that they are concerned with. Therefore 

we made the detailed description of each factor to facilitate the use of the model and 

the factors.  Figure 3-10 shows the examples of detailed description of two factors 

explained above: Span of abstraction-decomposition space and Number of cognitive  
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Design Aspect Functional Aspect of Task 
Complexity Dimensions Size 

Code of Factor CF-FS 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Span of 
abstraction-

decomposition 
space 

What part of the 
controlled system 

must be 
considered to 

achieve this task 
in terms of 
functional 

abstraction and 
physical 

decomposition? 

Count the number of 
cells of abstraction-

decomposition matrix, 
which correspond to the 
functions or parts to be 
considered for this task 

X = the number of cells of the 
spanned matrix S 

 
HF = the cell for the function at 

the highest abstraction level 
and the highest decomposition 

level 
LF = the cell for the function at 

the lowest abstraction level 
and the lowest decomposition 

level 
S = Matrix containing HF and 

LF 

1 <= X <=15 
The larger is the 
more complex 

Absolute 

X = 
Count 

S = 
Matrix 
(Size) 
HF = 

Location 
LF = 

Location 

Note: 
1. Abstraction-Decomposition matrix has 15 cells, which is formed by five functional abstraction levels and three physical decomposition levels. 
It follows the idea studied by Jens Rasmussen. 
2. It is assumed that all the functions included in the spanned matrix S are explicitly or implicitly considered for the task.  
 
Example: 
The second task in the procedure for steam generator turbine rupture (SGTR) is: “Providing a sufficient safety injection (SI) flow.” 
This task has two steps. The system knowledge needed for these two steps can be analyzed by the use of abstraction hierarchy. Human 
operators need to know the system knowledge at three abstraction levels and two decomposition levels. Thus the spanned matrix S has six (3 x 
2) cells. The value of this factor for this task is 6.  
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<Figure 3-10. Example of detailed description of task complexity factors> (Cont.) 

Design Aspect Behavioural Aspect of Task – Information Analysis 
Complexity Dimensions Order/Organization 

Code of Factor CF-B(IA)O 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of 
cognitive 

operations to be 
conducted 

How many 
different cognitive 

operations are 
needed to achieve 

the goal of this 
step? 

Make a detailed 
cognitive task analysis 
and identify cognitive 
operations for the step; 
Count the number of 

distinguished cognitive 
operations 

X = the number of 
distinguished cognitive 
operations for the step 

X >= 0 
The larger is the 
more complex 

Absolute X = 
Count 

Note: 
1. It is assumed that at least one cognitive operation is needed to derive one intermediate variable. 
2. Traditional cognitive task model, such as decision ladder, should be useful to identify this complexity factor. 
 
Example: 
The step 5.5 in the procedure for the abnormal situation ‘Loss of Condenser Vacuum’ is: 
“By confirming the states of condenser vacuum destruction manipulation switch (HS-367, 368, 369) in the panel PM-08J of main control room, 
examine whether any condenser vacuum destruction valves are opened. If there are opened valves, close them manually.” 
 
The variables to be derived cognitively are: the set of destruction valves that should be examined, the state (closed or opened) of all the 
destruction valves. 
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- There are one cognitive operation to identify the set of the destruction valves 
- There are one cognitive operation to judge the state of each destruction valve 
- The number of cognitive operations is: the number of all the destruction valves plus one 

 

<Figure 3-10. Example of detailed description of task complexity factors> 
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operations to be conducted. This description clarifies the meaning of the factors and 

specifies a standardized way of using them, otherwise the use of the model and the 

factors can vary according to their users. It is thus expected to reduce the differences 

between the users of the model and the factors in using them.  Appendix A offers 

the detailed descriptions of all the twenty-one complexity factors. 

 

3.3.2 Process of Using Model and Factors 

The model and the twenty-one complexity factors proposed in this study can be 

variably used for the purposes of their users and task situations they are concerned 

with. However, as shown in Figure 3-11, a normative process of using them may be 

useful to make the most of the model and the factors proposed in this study. 

Although the process was partly explained previously, its whole process is 

summarized here with some notes.   

 

<Figure 3-11. Process of using the model and the complexity factors> 
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Firstly, cognitive task analysis should be thoroughly conducted. The results of 

cognitive task analysis become a basis for identifying and using task complexity 

factors. Thus this is a very important phase in the process of using the model and 

the factors. Any of cognitive task analysis methods can be used in this phase. 

However, the results of analysis should specify the hierarchical structure of tasks 

(three layers consisting of task-step-action are recommended in this study), 

cognitive demands required of achieving tasks, the goals of tasks, the structural 

forms of tasks, logical flow of task steps, the knowledge of the controlled system 

required of achieving tasks, and so on. The normative process recommends the 

combined use of HTA method (Annett, 2003; Annett, 2004; Shepherd, 1998; Stanton, 

2006), SGT method (Ormerod & Shepherd, 2004; Ormerod, Richardson, & Shepherd, 

1998; Richardson, Ormerod, & Shepherd, 1998), and AH-based system analysis and 

decision ladder (DL)-based task analysis in cognitive work analysis (CWA) 

framework (Vicente, 1994).  

As the model requires consideration of design aspects of tasks to identify and 

organize task complexity factors, task analysis process needs to reflect this point. 

The functional aspect of a task is related to the goals that the task must achieve; thus 

it is important to distinguish a task with its relevant goals from other tasks. A 

problem related to this is the level of task, which is a traditional issue in task 

analysis (Stanton, 2006). There is no absolute answer to this problem. A sub-task 

(called a step in this study) within a task can be regarded as a meaningful task in 

other contexts, depending on the purposes of analysis. It would be insignificant 

issue in the work domains, such as NPPs and air traffic control systems, where task 

systems are well defined and organized by task procedure. However, in many cases, 

determining the proper level of tasks is not easy and needs a careful consideration 

of system knowledge, domain experts’ opinions, observations, and so on. 
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As explained earlier, detailed cognitive analyses of task steps are basis for 

identifying the behavioural aspect of a task. However, all the five cognitive activities 

in the model don’t need to be considered in a task step. Taking account of cognitive 

processes needed to perform a task step, the types of cognitive activities relevant to 

the task step should be selected.  

In comparison to the other two aspects, the structural aspect of tasks can be 

easily specified. The written task descriptions or diagrams depicting the hierarchical 

structure of tasks can be directly used to identify the structural aspect. However, 

hidden assumptions or logical relations between task steps should not be unnoticed.    

In the second phase of the process, task complexity factors should be 

identified. This identification involves the specification of three design aspects of a 

task, which is explained above. All the three complexity dimensions in the model 

should be considered for the design aspects of a task. And the functional and the 

structural aspect of a task should be always considered. Thus, if the types of 

cognitive activities related to a task at the behavioural aspect are determined, task 

complexity factors for the task are selected from the twenty-one factors suggested in 

this study.  

Next, the identified complexity factors need to be measured. For this, the 

detailed description of the factors, which are also provided in this study, can be 

usefully used. Although our approach offers a way of measuring each complexity 

factor, we do not propose a way of calculating the total complexity of a task based 

on the measured value of its complexity factors. This does not mean that the 

quantification of task complexity is not necessary. The quantification of task 

complexity is useful in several situations, as seen in the study of TACOM (Ham, 

Park, & Jung, 2009; Park, 2009), which is explained in detail in the section 3.4.  
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The measured value of task complexity factors can give some insights for 

several activities for improving human task performance. However, the proposed 

model aims to help system designers use the measured complexity factors for the 

three problems, which include the effective allocation of tasks between humans and 

automation, prediction of situation awareness, and redesign of tasks.  

 

3.3.3 Some Points to Be Considered 

The main characteristics of the proposed model-based approach can be more 

clarified by comparing it with earlier studies on complexity factors in human 

integrated systems. Here five previous studies are compared with the proposed 

approach. Table 3-2 summarizes the comparison of our model-based approach with 

the five previous studies. Firstly, Xing (2004) adopted a model-based approach to 

identifying information complexity factors in air traffic control. His model has two 

facets, one of which is three cognitive stages (perception, cognition, and action) and 

the other is three complexity dimensions (numeric size, variety, and relation). By 

associating one cognitive stage with one complexity dimension, nine complexity 

factors are derived. For example, the complexity factor related to ‘perception’ and 

‘numeric size’ is Number of (eye) fixation groups.  He recognized the need of a model 

to derive complexity factors more deductively and considered several complexity 

dimensions. However, his model does not address the design aspects of tasks. 

Though his model uses a general cognitive processing model, this model is only 

related to the behavioural aspect of tasks. While the complexity factors derived in 

our study is general so that they can be widely used, nine complexity factors 

derived in his study are very domain specific-information display for air traffic 

control. His study does not provide a process to use his model and complexity 
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factors. Although he explained how the complexity factors could be measured, 

detailed formulae to measure them were not offered.  

Secondly, Harvey identified eleven team task complexity factors and grouped 

them into three categories (Harvey, 2001; Rothrock, Harvey, & Burns, 2005). The 

three categories are task scope, task structurability, and uncertainty, which are 

similar as three complexity dimensions of the proposed model. For example, the 

category, task structurability, has three complexity factors: Number of sub-tasks with 

imperfect mappings to outcomes, Number of paths available to reach desired outcome 

characteristics, and Number of required relationships among sub-tasks. He derived the 

eleven complexity factors based on comprehensive literature review. Although he 

organized the factors by three complexity dimensions, it is difficult to say that his 

study adopted a model-based approach. His main concern is the complexity factors 

making the performance of team tasks difficult; but the identified factors in this 

study can be generalized into other task situations. He and his colleagues provided 

some ways of using the eleven complexity factors in the domain of air traffic control 

(Rothrock, Harvey, & Burns, 2005).  

Thirdly, Thelwell (1994) conducted a literature review on the complexity 

factors specific to process control systems and identified a range of complexity 

factors. He distinguished four different types of complexity: process complexity at 

system level, task complexity at operational level, interaction complexity at interface 

level, and subjective complexity. Each complexity type is characterized by several 

complexity factors. Task complexity in his study is closely related to our study. The 

task complexity factors in his study are classified into three groups: number of 

underlying problems in a task scenario, logistic complexity, and strategic 

complexity. Some examples of complexity factors belonging to logistic complexity 

are Number of pathways to adverse outcome, Ideal path for diagnosis, Number of decisions  
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<Table 3-2. Comparison of the proposed model-based approach with other studies> 

Study 
 
Criteria 

Xing [19] Harvey [14] Thelwell [17] Park & Jung  
[3, 16] Hillburn [20] The proposed 

approach 

Model-based approach       

Multiple complexity 
aspects       

Linkage to design aspect       

Focused design artefact Display Team 
organization N/A Task 

Procedure N/A Interactive 
task 

Task-specific factors No 
Team task  
(but can be 

generalized) 
No No No No 

Domain-specific factors Display for air 
traffic control No Process 

control 

Process 
control  

(but can be 
generalized) 

Air traffic 
control No 

Process to use factors       

Formula to measure 
factors       

 : Much consideration, : Moderate consideration,  : Little consideration 
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and decision options, and Time available. His study summarized a set of meaningful 

task complexity factors in process control domain. But there is no consideration on a 

model underlying complexity factors, the measurement of the factors, and the use of 

the factors for design improvement.  

Fourthly, as described previously, TACOM developed by Park and Jung (Park, 

2009; Park, Jeong, & Jung, 2005) provides a simplified, but very predictive 

complexity measure comprising five complexity factors. They identified the five 

factors based on comprehensive literature review, interview with operators in NPPs, 

and observation studies in training simulator. Although the five factors were 

identified in the domain of process control, they can be generally used because they 

can be objectively measured from the results of cognitive task analysis, irrespective 

of domain characteristics. To measure each complexity factor, TACOM offers a 

specific way based on the entropy theory of a graph. A big advantage of using 

TACOM is that it specifies a very detailed process including cognitive task analysis 

to measure each complexity factor. Using the measurements of the complexity 

factors, Park and Jung improved task procedures designed for coping with 

emergency situations. But there is a lack of sound theoretical model underlying the 

five complexity factors of TACOM.  

Lastly, Hilburn (2004) summarized various complexity factors specific to air 

traffic control system through comprehensive literature reviews. Because many of 

those factors are very specific to air traffic control system, they are not meaningful 

to other domains. And it is difficult to discover a semantic relation between those 

factors from his study. From this point, the need of a model-based approach to 

identifying complexity factors can be more emphasized.  

From the comparison described above, it can be said that the proposed model-

based approach contributed towards improving ways of identifying and organizing 
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task complexity factors. It is believed that the model and the twenty-one complexity 

factors, which are key elements of our proposed approach, can be a useful reference 

point for studies about task complexity and cognitive task design and evaluation. 

Most of all, four important concepts must be noted, all of which are considered in 

this study. Firstly, system thinking approach should be employed to identify and 

organize task complexity factors; a comprehensive model should be developed to 

realize this approach. Secondly, task complexity factors must be identified in due 

consideration of the design aspects of tasks. Thirdly, the concept of complexity 

should be considered from multiple perspectives because it cannot be explained 

completely by a single viewpoint. Lastly, to enhance the use of task complexity 

factors, some ways of measuring them should be devised. We do not say that our 

approach is the best reflecting the four concepts; we made an attempt to consider 

them as much as possible. As Hillburn (2004) stated, there is no perfect model for 

complexity and complexity factors. Thus a better model and model-based method 

for identifying and organizing task complexity factors can and must be developed. 

The proposed model-based approach emphasizes that cognitive task analysis 

is a very critical activity in the identification and organization of task complexity 

factors. The importance of cognitive task analysis is also emphasized in other 

studies (Horsky, Kaufman, Oppenheim, & Patel, 2003; Park, Jeong, & Jung, 2005; 

Rothrock, Harvey, & Burns, 2005; Xing, 2004). It is obvious that factors influential in 

the complexity of tasks can be meaningfully discovered through a detailed 

understanding of information and action requirements, detailed cognitive 

operations, nature of information to be handled, task structure, and so on. Another 

benefit of identifying task complexity factors through thorough cognitive task 

analysis is that cognitive task performance can be predicted by the measurements of 

the factors in a more systematic way. 
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3.3.4 Summary  

This section described a model-based approach to evaluating the complexity of 

tasks. Firstly, we explain how to use the twenty-one task complexity factors 

identified in the section 3.2. Secondly, we suggest a normative process to use the 

model of task complexity factors that was proposed in the section 3.2. Lastly, 

complexity factors identified by some of the earlier studies are reviewed in the 

proposed model and compared with the twenty-one complexity factors, which gives 

some insight to improve the proposed model. The results of the section 3.2 and this 

section are core elements of a model-based approach developed in this study. 

 

3.4 Application of TACOM to Abnormal Situations and 
Daily Operations 

 
The complexity of tasks designed for abnormal situations and daily task situations, 

such as maintenance and testing, has less been studied than that of tasks for 

emergency situations in NPP. The model-based method described in the section 3.3 

can be used to identify the complexity factors of tasks and to evaluate the 

complexity of tasks in those situations. As an alternative to evaluate the complexity 

of tasks in those situations, we examined whether TACOM can be used to evaluate 

the complexity of procedure-based tasks in those situations. As TACOM has several 

practical advantages in the evaluation of task complexity, it is sensible to examine 

its applicability to those situations. This section describes our study on this issue, 

paying particular attention to abnormal situations. 
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3.4.1 Research Background 

Cognitive human performance is influential in enhancing and maintaining the 

safety of nuclear power plants (NPPs) (de Carvalho, Riey, Shepley, Gomes, & 

Gerlain, 2006). It is well known that automation-based technological design alone is 

not sufficient to address the safety problems, and thus human operators’ cognitive 

activities are inevitable to guarantee the safe operation of NPPs (Burns, Dismukes, 

& Barshi, 2008). Harmonious collaboration between human operators and 

automation-based devices-joint cognitive systems (JCS)-is increasingly important in 

task situations challenging the safety of NPPs (Hollnagel & Woods, 2005). It is, 

however, not easy to design effective JCS as human operators’ performance is 

inherently variable and limited in terms of cognitive information processing and 

decision-making (Endsley, Bolte, & Jones, 2003). For this reason, cognitive human 

performance issues have always been at the centre of studies related to the design 

and evaluation of safe NPPs.  

To support human operators’ cognitive activities in NPPs, several types of 

human-system interfaces (HSI) have been designed, which include mimic console, 

CRT-based information display, alarm systems, and operating procedures. One 

primary purpose of these HSI is to make human operators form an accurate, 

coherent mental model of the technical functions and mechanisms of NPPs. Another 

purpose is to help human operators conduct their cognitive tasks with a reasonable 

degree of mental workload by several ways (e.g., offering artificial cognitive 

resources and automating some parts of information processing activities) (Ham, 

Park, & Jung, 2008a).  

In comparison with other elements of HSI, operating procedures (simply 

procedures) have some interesting features to be noted in relation to human 

performance. Procedures are pre-designed sets of decisions and actions that 
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operators can follow to monitor the system states in normal situations and to cope 

with abnormal and emergency situations in NPPs (Lee, Hwang, & Wang, 2005). In 

this regard, procedures can be seen as an explicit expression of prescriptive tasks 

that are specially designed to deal with predictable situations and events (de Brito, 

2002).  

In terms of knowledge type, procedures enforce operators to use procedural 

knowledge intensively to deal with their tasks, rather than principle knowledge. It 

is known than the use of procedural knowledge requires less cognitive resources 

than that of principle knowledge (Ham & Yoon, 2007). Thus the use of procedures 

generally helps operators escape from heavy mental simulation and logical 

inference, thereby saving their cognitive resources (Ockerman & Pritchett, 2000). 

Another advantage of using procedures is the minimization of variability of human 

operators’ performance (Park, 2009). As tasks prescribed in procedures are usually 

an optimized way of dealing with certain situations, procedures can make operators 

rely on them, rather than their unreliable individual knowledge and experience.   

However, following the procedures entails several cognitive actions not 

specified in the procedures (Wright & McCarthy, 2003). For this reason, several 

studies developed a cognitive model explaining the use of procedures. As an 

example, de Brito (2002) proposed a model that helps understand the use of written 

procedure in dynamic environments. She identified nine cognitive steps involved in 

the use of procedures: detection of triggering condition, elaboration of diagnosis, 

determining whether a procedure is needed, accessing and searching for procedure, 

reading and understanding instructions, assessing the relevance of the procedure, 

planning action, executing the planned action, and evaluating the outcome of the 

action. She emphasized that these cognitive steps are not always conducted as a 

sequential process; they are optional and iterative, depending on task contexts.  



 

67

 There are several types of procedures that are commonly classified by two 

criteria: presentation medium and context of use (Lee, Hwang, & Wang, 2005). In 

general, operating procedures are presented in two media. Traditional procedures 

are paper-based and are still extensively used in most of NPPs. However, with the 

introduction of computer-based technology to the control room of NPPs, 

computerized procedures have recently been designed and are expected to replace 

traditional ones in the future. But several design issues regarding operators’ 

interactions with computerized procedures remain very challenging.  

Another criterion of classifying the type of procedures is the context of use, 

which is related to the operating situations of technical systems. Usually, complex 

systems like NPPs have three kinds of operating situations: normal, abnormal, and 

emergency (Burian, Dismukes, & Barshi, 2003; Burian, Barshi, & Dismukes, 2005). 

The procedures for normal situations define the basic system states that should be 

satisfied when all the system functions are used correctly. The procedures for 

abnormal and emergency situations prescribe to-do-list to diagnose the faults of 

wrong system states and recover the situations as quickly as possible. In the case of 

NPPs, all the nuclear reactors should be stopped when emergency situations 

happen. But abnormal situations can be managed without stopping the reactors. So 

the difference between two situations reflects the degree of safety criticality. 

Procedures for conducting maintenance and testing tasks are another type of 

procedures to be used when the system states are normal. Supervising normal 

situations and coping with abnormal and emergency situations are conducted 

inside the control room of NPPs. But maintenance and testing tasks are usually 

carried out outside the control room, though they involve communications with 

operators working inside the control room.   



 

68

While procedures give several cognitive benefits to human operators, the 

violation of procedure-based tasks can lead to hazardous consequences. To give the 

cognitive benefits of procedures, they need to be cognitively well engineered 

(Wieringa & Farkas, 1991). However, there are several evidences proving that badly 

designed procedures can lead to critical errors challenging the system safety 

(Degani & Wiener, 1997). Even though procedures are well designed, as described 

previously, it is inevitable for operators to conduct several cognitive tasks to use the 

procedure adaptively, taking account of contexts surrounding them (Hutchins, 

1996). This means that procedure-based tasks cannot be conducted without thinking, 

unlike computer programming algorithms that can be blindly executed.  

Thus the problem of how to identify a cognitively well-designed procedure is 

a critical issue. Although there are several criteria to evaluate the cognitive quality 

of procedures, complexity seems to be viable (Park & Jung, 2006). Complexity has 

been the central concept for evaluating the quality of cognitive artefacts (Rasmussen, 

Pejtersen, & Goodstein, 1994). Although there are several types of complexity, task 

complexity is most relevant to examine the quality of procedures in NPPs because it 

can be a bridge connecting the cognitive characteristics exhibited by the tasks 

specified in procedures and human cognitive behaviour and performance in actual 

situations (Ham, Park, & Jung, 2008b).  

For this reason, KAERI developed TACOM (TAsk COMplexity) that is a novel 

measure for evaluating the complexity of proceduralized tasks designed to cope 

with emergency situations in NPPs (Park & Jung, 2006). The usefulness of TACOM 

has been comprehensively validated for last several years (Ham, Park, & Jung, 

2008a; Park & Jung, 2007b, 2008). In particular, task completion time and cognitive 

load showed to be proportionally related to TACOM score. This means that 
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TACOM can be reasonably used to predict human subjective complexity, though it 

is an objective complexity measure.   

The most critical operating situations are surely emergent situations. But the 

importance of managing abnormal situations and normal situations cannot be 

neglected (Ezzedine & Kolski, 2005). Thus the complexity of tasks designed for 

abnormal and normal situations should also be evaluated by using appropriate 

measures. Figure 3-12 compares the three task situations in NPPs and point out a 

research problem. For this problem, we can consider the applicability of TACOM to 

those situations. This section is particularly focused on investigating its applicability 

to abnormal situations through case studies. But it should be noted that our study 

concerns the applicability in terms of the process of applying TACOM to those 

situations. Our study does not address the validity of TACOM as a complexity 

measure for those situations-the problem of whether TACOM-based complexity 

score has a high correlation with actual human performance measures in abnormal 

situations.  

The remainder of this section is composed of four parts. Firstly, we offer a 

brief review of TACOM measure. Five complexity factors comprising TACOM are 

described, and the process of using TACOM to calculate a task complexity score is 

explained as well. As cognitive task analysis of tasks is a key process of using 

TACOM, it is explained in detail. Secondly, we apply TACOM to the task situations 

for abnormal operation, which are believed to be archetypes of abnormal situations 

in NPPs. Thirdly, we point out three points to be considered in the use of TACOM 

and discuss how to address them to enhance the practicality of TACOM in 

abnormal situations. Lastly, we conclude by suggesting some future research 

directions to leverage the value of TACOM.  Although this section mainly describes 

the application of TACOM to abnormal situations, we believe that most of the  
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<Figure 3-12. Three different task situations in NPPs >
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results hold in daily task situations as well, based on other case studies we 

conducted, which are not described here.   

 

3.4.2 Review of TACOM 

A. Complexity Factors and Process of Using TACOM 

TACOM is composed of five sub-measures, each of which is a complexity factor 

addressing a particular aspect of task complexity.  All of them are quantitatively 

measured by the entropy values of their corresponding graph that depicts the 

particular aspect of task complexity. The process of obtaining the entropy values is 

based on a graph entropy concept, which is found in Mowshowitz’s work 

(Mowshowitz, 1968). There are two entropy measures for a graph: the first-order 

and the second-order entropy.  The first-order entropy can be used to measure the 

complexity of logical structure and the like, whereas the second-order entropy can 

be used to measure the amount of knowledge or actions required.  

TACOM claims that a task complexity is calculated as a weighted Euclidean 

norm of the following five sub-measures. 

TACOM = (α × SIC)2 + (β × SLC)2 + (χ × SSC)2 + (δ × AHC)2 + (ε × EDC)2  

- SIC (Step Information Complexity) measuring the amount of 

information the operators should process 

- SLC (Step Logic Complexity) measuring the logical sequence of 

required actions 

- SSC (Step Size Complexity) measuring the number of required 

actions 

- AHC (Abstraction Hierarchy Complexity) measuring the amount of 

system knowledge needed to understand the problem space  

- EDC (Engineering Decision Complexity) measuring the amount of cognitive 

resources used in establishing an appropriate decision criterion 
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Figure 3-13 shows the process of using TACOM to evaluate task complexity. 

Firstly, several types of information, particularly information and control 

requirements needed to execute a task, should be identified through cognitive task 

analysis. To perform the task analysis, several sources of information regarding 

plants and procedures should be referred to. Based on the results of the task 

analysis, four kinds of graphs are constructed:  information structure graph (ISG) 

for calculating SIC, action control graph (ACG) for SLC and SSC, abstraction 

hierarchy graph (AHG) for AHC, engineering decision graph (EDG) for EDC. 

Thirdly, the complexity value of each five sub-measure is obtained by calculating 

the first-order or the second-order entropy of its corresponding graph. For example, 

SLC is the first-order entropy of ACG because the entropy represents the logical 

structure of ACG. Using the values of five sub-measures and the formula stated 

above, TACOM score is finally calculated.  

 

<Figure 3-13. Process of obtaining task complexity score based on TACOM > 
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Here it should be noted that a procedure in NPPs has hierarchical structure 

that goes down from procedure to tasks to steps to actions. SIC, SSC, and SLC are 

concerned with the complexity of a step, whereas AHC and EDC are focused on the 

complexity of a task. But the former three sub-measures can be used at the level of 

task based on the graph theory concept (see (Park & Jung, 2007a) for more detailed 

information).  

A high TACOM score means high cognitive complexity in carrying out a task. 

From this, we can expect that conducting a task with a high TACOM score would 

need more time and result in more errors in emergent situations. 

 

B.  Cognitive Task Analysis for Using TACOM 

As the complexity value of five sub-measures comprising TACOM is calculated 

from their associated graphs, the graphs should exactly and coherently represent 

the cognitive structure and contents of tasks. Thus a critical part in the process of 

using TACOM is cognitive task analysis of procedure-based tasks. Most extensive 

attempts should be made for this task analysis to use TACOM effectively.  

The basic nature of procedures is to specify what to do-action prescription. 

Thus the task analysis should firstly focus on examining what actions are needed 

and how they should be executed. The results of this action analysis specify a set of 

information used to construct ACG and form a basis of other analyses for 

constructing the other graphs.  

It is supposed that an action description is composed of three parts: Action 

Verb, Object, and Action Specifications. The Object is usually tangible and visible; thus 

it is not difficult to identify it. In the case of Action Verb, TACOM categorized 39 

verbs (e.g., determine, maintain, and stabilize) that are frequently used in the 
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emergency operating procedures (EOP) of NPPs (Park, 2009). Action Specifications 

refer to information that helps operators carry out an action or phrases that make an 

action distinguished from its similar actions. For example, let’s compare two action 

descriptions: “Cool down the temperature of reactor coolant system (RCS) to 275°C 

by using valve A” and “Cool down the temperature of RCS”. Action Verb and Object 

of both actions are cool down and the temperature of RCS. However, their 

difference comes from that the former has action specifications: “to 275°C by using 

valve A”. It is assumed that an action with more detailed action specifications 

require less cognitive resources and thus can be achieved more easily.  

Action Specifications can be further distinguished by three elements: Means, 

Acceptance Criterion, and Constraint. A Means indicates an explicit method specifying 

how to achieve the expected state of a given action. An Acceptance Criterion is a 

measure by which operators can make a judgment whether the goal of an action is 

achieved or not. A Constraint specifies some conditions restricting the operators’ 

behaviour when executing an action. The attribute of each element is defined by its 

predefined properties. For example, there are four properties about the Means: 

designated means, inherent means, no means, and local operation.   

In addition to Action Specifications, Peculiarity related to the performance of an 

action needs to be considered. There are two kinds of peculiarities: selection of an 

action and continuous control of an action. 

Through such a detailed action requirements analysis, a distinctive action, 

which has action specifications and peculiarities different from others, can be 

systematically discerned. A group of distinctive actions and their structure are 

represented as ACG.  

Based on the results of the action requirements analysis, a set of information 

that operators need to know and process to carry out actions is derived. Particularly, 
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information related to Means and Acceptance Criterion should be analyzed to 

construct ISG. The information necessary to conduct actions can be expressed by the 

combination of five types of basic information: Boolean, Float, Integer, Array of 

Boolean, and Array of Float.  

AHG is used to measure the amount of work domain knowledge required to 

achieve actions. It is well known that abstraction hierarchy (AH) is a viable 

framework for representing work domain knowledge (Rasmussen, 1985). For this 

reason, the abstraction level of domain knowledge that operators need to deal with 

determines the elements and structure of AHG. In general, five abstraction levels 

are used to represent the domain knowledge for NPPs. However, TACOM asserts 

that customized four abstraction levels are sufficient to represent domain 

knowledge of NPPs and more practical to study complexity issues (Park & Jung, 

2007a). Therefore, AHG uses four abstraction levels: abstract function (AF), process 

function (PF), system function (SF), and component function (CF).  

EDG is constructed to represent the amount of cognitive resources that should 

be used to establish the decision criteria of required actions. One assumption to 

establish EDG is that operators conduct a high-level cognitive activity demanding 

more cognitive resources by decomposing it into a series of low-level decisions 

demanding less cognitive resources. Four levels of engineering activities are used to 

distinguish the amount of the required cognitive resources.  The first level (ED-1) is 

a decision that can be achieved by an explicit criterion. The second level (ED-2) 

needs integration of lower-level information to create higher-level information. The 

third level (ED-3) requires a sort of mental simulation in addition to cognitive 

activities of ED-2 to reach a conclusion. An action requiring a continuous control is 

also considered ED-3. Lastly, ED-4 means a decision that involves selection of 

proper actions.      
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3.4.3 Application of TACOM to Abnormal Situations 

In order to examine the applicability of TACOM to abnormal situations, we 

conducted two case studies by using the tasks prescribed in two abnormal operating 

procedures (AOPs): ‘Condenser Vacuum Loss (CVL)’ and ‘Turbine Generator Trip 

(TGT)’. The used AOPs are not full-version documents that are actually used in 

NPPs. They are simplified versions based on task scenarios that are developed to 

train operators to cope with the abnormal situations in a full-scope simulator of 

Korean standard NPP (KSNPs). Although they are not full-version procedures and 

only addresses a small part of abnormal situations, domain experts of NPPs 

confirmed that the task contexts in those two procedures could be enough to be 

archetypes of abnormal situations. Thus we believe that the case studies of using 

these two procedures could not be a critical flaw threatening the methodological 

soundness of our study. As our main focus is on the applicability of TACOM in 

terms of application process, it is not necessary to explain both the case studies in 

detail. Thus we describe the case studies centring on the TGT procedure.  

 

A. Cognitive Task Analysis of TGT Procedure 

To apply TACOM to the TGT procedure, we followed the eight phases specified in 

the practical guidelines for using TACOM (Park & Jung, 2006; Park, 2009). We 

explain this application process along the eight phases, giving examples related to 

the TGT procedure, if necessary.  

The first phase is to extract the task structure of a procedure. Referring to the 

TGT procedure, we identified all the tasks and their associated steps that should be 

conducted to recover from TGT event. As AOPs prescribe a series of tasks to be 
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conducted in a clear way, it is not difficult to identify them. Figure 3-14 illustrates 

the eighth task prepared to cope with TGT situation and its structure composed of 

six steps that can be further decomposed of several actions.  

Secondly, based on the results of the first phase, all the required actions and 

their sequences should be analyzed. Table 3-3 shows examples of three action 

descriptions (steps) prescribed in the TGT procedure and their required actions. But 

it should avoid making a mistake of dividing an action description into its actions 

just structurally. In TACOM, an action means the smallest cognitive unit that uses 

data or information to produce another data or information to be used in other 

actions. Thus a low-level cognitive analysis of an action description is needed to 

identify its required actions correctly.  For example, the third action description in 

Table 3-3 seems superficially to have two actions (‘Verify the leakage rate of reactor 

coolant’ and ‘Compare charging and letdown flow’). However, ‘Compare charging 

and letdown flow’ needs three different actions in terms of information processing, 

which include ‘Determine the charging flow’, ‘Determine the letdown flow’, and 

‘Determine the difference between the charging flow and the letdown flow’. Such a 

detailed cognitive analysis to identify required actions helps TACOM-based 

objective complexity evaluation to be a better indicator of subjective complexity that 

human operators experience in actual task contexts. In contrast to EOPs, the 

required actions specified in AOPs are usually conducted in sequence without any 

conditional branch. 

The third phase is to identify distinctive actions among the required actions 

obtained in the second phase. As stated previously, action requirements analysis 

characterizes an action with its six attributes: Action Verb, Object, Means, Acceptance 

Criterion, Constraint, and Peculiarity. When two required actions are the same in 
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terms of the six attributes, they can be regarded as an identical action, distinct from 

other actions. As all the tasks examined in this case study have different Object, all 
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<Figure 3-14. Example of task structure of TGT procedure > 
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<Table 3-3. Example of identifying required actions> 

Action Description Required Action 

Stop all charging pumps Stop all charging pumps when 
pressurizer level keeps increasing Determine pressurizer level keeps increasing 

Verify the increase of EDT level Verify the increase of EDT level 
and temperature Verify the increase of EDT temperature 

Verify the leakage rate of reactor coolant 

Determine the charging flow 

Determine the letdown flow 

Verify the leakage rate of reactor 
coolant by comparing charging 
and letdown flow 

Determine the difference between the charging 
flow and the letdown flow 

 

 

the required actions identified in the second phase were considered distinctive 

actions. This might be partly due to the fact that the used AOPs are simplified-

version documents.  Table 3-4 shows an example of action requirements analysis 

The next phase is to derive all the information needed to conduct the 

distinctive actions. Examining the information types related to the three elements of 

Action Specifications identifies the information. For example, the information type 

related to the action ‘Verify the increase of emergency drain tank (EDT) level’ is: 

Means (EDT level: Float), Acceptance Criterion (EDT level: Float). 

The fifth phase is concerned with assigning the level of work domain 

knowledge to each distinctive action. The correct understanding of Object and its 

properties is the prerequisite to this phase. Then, the assignment can be facilitated 

with the use of six rules and knowledge-mapping table provided in the practical 

guidelines of using TACOM (Park & Jung, 2006).  Table 3-5 shows three distinctive 

actions and their corresponding level of domain knowledge. 

Considering the first action in Table 3-5, the object (pressurizer) contains its 

specific property (level). One rule in the practical guidelines is “If the objects of the 
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required actions contain the specific property of an entity, then the level of domain 

knowledge should be determined based on its entity.” Following this rule, domain 

knowledge level of the first action can be determined by the pressurizer. And 

according to the knowledge-mapping table, pressurizer corresponds to the level of 

system function (SF). Other objects pertaining to the SF level include reactor vessel, 

steam generator, and reactor coolant pump, etc.  

Another interesting rule of the practical guidelines is about communicaton or 

collaboration between control room operators and local operators. In many 

collaborative working contexts, it is not rare to observe that there exists a gap 

between the abstraction levels of domain knowledge that the operators participating 

in the collaboration use to communicate each other. Thus highest-level domain 

knowledge is needed to guarantee the successful communication between the 

operators. Taking account of this fact, TACOM has a rule that abstraction function 

(AF) should be assigned to all the local operations. In table 3-5, AF is assigned to the 

third action by this rule.  

The sixth phase is to determine the level of engineering decision related to 

each distinctive action. TACOM also provides twelve rules to help this assignment 

(Park, 2009). Table 3-5 shows the decision level assigned to the three actions as well. 

According to one rule, the second level of the engineering decision (ED-2) is 

assigned to an action if the property of the Acceptance Criterion is trend. In Table 3-5, 

the acceptance criterion for the second action is the trend of EDT level (increase or 

not); therefore ED-2 is assigned to this action.  
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 <Table 3-4. Example of action requirements analysis > 

Action description Required Action Action 
Verb Object Means Acceptance 

Criterion Constraints Peculiarity 

Stop all charging pumps Stop All charging 
pumps INH OBJ NIL - Stop all charging pumps 

when pressurizer level 
keeps increasing Determine pressurizer level 

keeps increasing Determine Pressurizer 
level INH OBJ NIL - 

Test the possibility of off-
site power Test Off-site 

power NM NC NIL - Test the possibility of 
off-site power and 

inspect the common 
causes of other systems 

Inspect the common causes 
of other systems Inspect Other 

systems NM SUB NIL - 

 

<Table 3-5. Example of AH analysis and ED analysis> 

Action description Level of domain 
knowledge 

Level of 
engineering 

decision 

Determine pressurizer level keeps increasing SF ED-2 

Verify the increase of EDT level CF ED-2 

Request the readiness relief valve 345 to mechanical system department AF ED-4 
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B. Establishing Four Graphs 

The remaining two phases are constructing four kinds of graphs and quantifying 

five kinds of complexity factors. If the results of the earlier six phases are correctly 

obtained, these two phases can be facilitated by a software tool developed by 

KAERI (Park, 2009). Figure 3-15 shows four graphs for the seventh task specified in 

the TGT procedure, which consists of three procedural steps.  

TACOM provides the step-by-step detailed instructions of establishing four 

graphs from the results of cognitive task analysis. Instead of explaining here how to 

construct the four graphs shown in Figure 3-15 in detail, we touch on only several 

points to be noted when constructing them. From the three procedural steps of the 

task in Figure 3-15, we can identify four required actions through action 

requirements analysis, as shown in Table 3-6. Some of analysis results essential to 

build the four graphs are also shown in Table 3-6.  

Firstly, the four required actions are conducted sequentially without any 

conditional branch. Thus the structure of ACG is apparently the sequence of nodes 

representing required actions.  

Secondly, the type of information that should be used to conduct the required 

actions is the basis for establishing ISG. For example, DA1 enforces human operators 

to understand not only the states of battery chargers (BCs) but also the states of 

some components connected to the battery chargers, which is distinctive required 

information (DI1). This is plausible because diagnosing the cause of a component 

usually needs information about other components linked to the component as well 

as its information. Considering the required information and the context of DA1, the 

information type for this action is ‘Array of Array of Boolean.’ (i.e. Boolean for the 

state of each BC, Array of Boolean for a group of BCs, and Array of Array of 

Boolean for a group of components linked to each BC in the group of BCs) If 
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<Figure 3-15. Four graphs (ACG, ISG, AHG, EDG) of the seventh task of TGT procedure> 
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<Table 3-6. Required actions and key analysis results of the seventh task of TGT procedure> 

ID Required Action Required 
Information 

Information 
Type 

Level of domain 
knowledge 

Level of 
engineering 

decision 

DA1 Determine the cause of 03NN Battery Charger (BC) Trip 
BCs and their 

related 
component (DI1) 

Array of Array 
of Boolean PF ED-4 

DA2 Insert 06NN input/output breaker Breakers (DI2) Array of Boolean CF ED-1 

DA3 
Change the electricity power source of power receiving 
system to ALT in the corresponding direct current (DC) 

motor control centre (MCC) 

Electricity power 
sources (DI3) 

Array of Array 
of Boolean CF ED-1 

DA4 Request maintenance of Electrical Department Request Call 
(DI4) 

Boolean AF ED-4 
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information type is ‘Array of Array of Boolean’, three nodes are sequentially 

connected down a node representing distinctive information (e.g. DI1). This is the 

way TACOM constructs ISG.  

Thirdly, the number of nodes and the structure of AHG are determined by the 

level of domain knowledge pertaining to required actions. TACOM has an idea that 

higher abstraction levels can be represented as array of their adjacent lower level (i.e. 

AF is array of PF, PF is array of SF, and SF is array of CF). Then the way of 

constructing AHG is the same as that of ISG. Thus if a required action needs some 

information at the level of AF, four nodes are connected down to a node 

representing the action (e.g. DA4).  

Lastly, the way of building EDG is similar to that of AHG. Higher levels of 

engineering decision are represented as array of their adjacent lower level. It is 

therefore apparent why DA1 and DA4, where ED-4 level decision is required, are 

graphically represented as shown in Figure 3-15.   

 

C. Calculating Complexity Score 

As the value of task complexity is the weighted Euclidean norm of the five sub-

measures, the value of each sub-measure needs to be firstly calculated. Either the 

first-order entropy or second-order entropy of the four graphs should be calculated. 

Figure 3-16 shows how to quantify the values of SLC and SSC for the task in Figure 

3-15. As explained in the subsection 2.1, SLC is the first-order entropy of ACG, and 

SSC is the second-order entropy of ACG. 

To calculate the first-order entropy of a graph, the combinatorial pattern 

formed by the number of input links entering to a node and output links leaving 

from the node needs to be identified. A set of identical nodes in the graph is 

obtained based on the combinatorial pattern. Looking at the left part, which is for 



 

87

SLC, in Figure 3-16, three classes of identical nodes are distinguished by their input-

output pattern. The three nodes (DA1, DA2, and DA3) are grouped as a same 

identical node because all of them have one input link and one output link.  After 

identifying identical nodes, a formula calculating the entropy is applied to them, 

which is shown in the bottom part in Figure 3-16.   

 

Node classification scheme for SLC  
(the first-order entropy) 

Node classification scheme for SSC 
(the second-order entropy) 

Class In Out Identical nodes Class Neighbour nodes Identical 
nodes 

1 0 1 {T7} 1 {DA1} {T7} 

2 1 1 {DA1, DA2, 
DA3} 

2 {T7, DA2} {DA1} 

3 1 0 {DA4} 3 {DA1, DA3} {DA2} 

    4 {DA2, DA4} {DA3} 

    5 {DA3} {DA4} 

Entropy = − p(Ai
i=1

n

∑ ) log2 p(Ai)  

Ai= the ith distinctive class in a graph 
n = the total number of distinctive classes 

p(Ai) = the number of identical nodes in Ai

total number of nodes in a graph
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<Figure 3-16. Quantifying the values of the SLC and SSC for a task> 

 

In the case of the second-order entropy, identical nodes are categorized by 

their neighbouring nodes that are connected by input links or output links. In 

contrast to the first-order entropy, the three nodes (DA1, DA2, and DA3) belong to 

different classes of identical nodes because they have different neighbouring nodes. 

Thus, as shown in the right part in Figure 3-16, five different classes of identical 
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nodes should be used to calculate the second-order entropy of the ACG in Figure 3-

15. 

 

Complexity 
Factor 

How to 
measure? Calculation Quantified 

Value 

SIC 

The second-
order 

entropy of 
ISG 

− 14 × 1
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× log2
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⎛ 
⎝ 
⎜ 

⎞ 
⎠ 
⎟ 

⎧ 
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⎭ 
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− 2
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× log2
2
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EDC 

The second-
order 

entropy of 
EDG 

− 2
15

× log2
2

15
⎛ 
⎝ 
⎜ 

⎞ 
⎠ 
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15
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Task 
Complexity 

2)774.32.0(2)664.32.0(2)322.22.0(2)371.12.0(2)807.32.0( ×+×+×+×+×

 
= 1.406 

(if α=β=χ=δ=ε=0.2) 
 

<Figure 3-17. Quantifying the complexity of a task> 

 

The quantified values of the other three sub-measures can be calculated in the 

same way explained above. Figure 3-17 shows the values of all the five sub-

measures.  Lastly, the complexity score of the task in Figure 3-15 is obtained by 

assigning appropriate weighting value to each sub-measure and calculating their 

Euclidean norm. Although equal weighting value for each sub-measure was used in 
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Figure 3-17, several ways of assigning weighting values can be used depending on 

the task contexts, which is beyond the scope of this study. From the values of each 

sub-measure, we can understand that SSC and EDC are higher in comparison with 

the other complexity factors. This implies that the task in Figure 3-15 needs to be 

improved, mainly paying attention to the amount of information to be processed 

and cognitive resources needed to make a decision.  

 

3.4.4 Some Points to Be Considered 

Through the case studies, we could draw the conclusion that TACOM could 

reasonably be applied to evaluate the complexity of tasks designed for abnormal 

situations in NPPs. Three points, however, need to be noted to use TACOM more 

effectively for abnormal situations.  

Firstly, the eight-phases to use TACOM and a set of practical guidelines 

prepared to help conduct cognitive task analysis and construct four graphs were 

found to be useful; thus it can make smaller the difference of analysts’ subjective 

judgement, which cannot be avoided when measuring a conceptual construct such 

as task complexity. This contributes towards enhancing the reliability in the use of 

TACOM. But it is true that some degree of expertise in work domain and task 

knowledge is still needed to make use of TACOM. Particularly, although the 

guidelines offer detailed examples and instructions for assigning domain 

knowledge level and engineering decision level to a required action, these 

assignments can be much easier with the proper use of domain and task knowledge. 

Discerning required actions from action descriptions is also the area where analysts’ 

judgement and prejudice can be influential and thus it is recommended to ask for 

advice of domain experts and experienced operators.  
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Next we need to consider the difference between AOPs and EOPs in terms of 

their task structure and task abstraction levels. In the case of EOPs, most of tasks 

have two parts: ‘Instructions’ specifying what to do and ‘Contingency Actions’ 

prescribing what to do when the results of the actions of the instructions are not 

satisfied. But it is often the case that the tasks of AOPs do not have ‘Contingency 

Actions’. The tasks and their steps of AOPs are conducted in sequence without 

branching or other kinds of logical complicated relationships. This difference is well 

reflected in ACG; the ACGs for AOPs usually do not show a sort of logical 

complicatedness that is frequently found in those for EOPs. As regards the task 

abstraction levels, the procedural steps of EOPs are described in much detail. But 

we could find that not a few steps of AOPs are described at a higher abstraction 

level. Thus it is believed that the AHGs and EDGs for AOPs are more convoluted 

than those for EOPs. Based on these differences, we could get an idea that AHC and 

EDC are the most critical complexity factors of tasks prescribed in AOPs. 

Lastly, we need to think about the issue of whether five complexity factors of 

TACOM are sufficient to reflect the authentic complexity of tasks designed for 

abnormal situations. As TACOM calculates task complexity as weighted Euclidean 

norm of its constituent complexity factors, the types and number of the complexity 

factors would be the most critical issue. TACOM attempts to measure objective 

complexity exhibited by tasks, rather than capture subjective complexity that 

human operators actually perceive. It is generally assumed that subjective 

complexity is influenced by other factors (e.g. time constraints and cognitive style) 

as well as objective complexity factors (Li & Wieringa, 2000). Thus non-objective 

complexity factors don’t need to be considered for the issue about the coverage of 

the five complexity factors of TACOM.  
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Although there are several definitions of cognitive task complexity, a widely 

used definition is the amount and variety of knowledge and cognitive skills and the 

amount of cognitive resources to be used to conduct a task (Campbell, 1988; Gill & 

Hicks, 2006).  Accordingly, it seems reasonable to identify the objective complexity 

factors of a task in terms of knowledge and cognitive resources. In general, 

conducting procedure-based tasks requires human operators to employ several 

types of knowledge. Procedures are explicit representation of optimized ways of 

achieving the goals of a task-explicit description of procedural knowledge. But 

discretionary, adaptive use of procedures needs other types of knowledge 

mentioned above as well as procedural knowledge.   

Two studies provide useful classification of knowledge types. Jonassen and 

Hanning (2006) categorized five types of knowledge: domain knowledge, 

device/interface knowledge, performance/procedural knowledge, strategic 

knowledge, and experiential knowledge. Cognitive Work Analysis (CWA) 

framework distinguishes four types of knowledge affecting human cognitive 

behaviour: domain knowledge, task knowledge, strategic knowledge, and 

collaboration knowledge (Vicente, 1999). The concept of task knowledge of CWA is 

similar to that of performance/procedural knowledge in the categorization of 

Jonassen and Hanning. Experiential knowledge and strategic knowledge have more 

human subjective natures, rather than objective ones determined by designed task 

features. Thus those two types of knowledge are irrelevant to the issue of objective 

complexity factors.  

Collectively, we can say that four types of knowledge should be considered 

for objective complexity factors: domain knowledge, task knowledge, collaboration 

knowledge, and device knowledge. Required cognitive resources, such as working 

memory and attention, also need to be addressed to identify objective complexity 
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factors.  In this regard, it is meaningful to consider which complexity factors of 

TACOM have a relation with which type of knowledge to evaluate the construct 

validity of the five complexity factors. Complexity related to the use of domain 

knowledge is reflected in AHC. Complexity pertaining to the features of task 

procedural knowledge, such as task structure and data and information to be 

processed, is addressed in the three complexity factors: SLC, SSC, and SIC. The 

amount of cognitive resources is reflected in EDC. Though both AHC and EDC 

reflect collaboration works between operators, it is difficult to say that they deal 

with collaboration knowledge comprehensively. Thus it can be said that TACOM 

currently gives relatively less consideration to two types of knowledge: 

collaboration knowledge and device knowledge. 

 

3.4.5 Summary 

This section reviewed TACOM that was developed to measure the complexity of 

proceduralized tasks designed for emergency situations of NPPs and raised a 

research question of whether TACOM can be applied to abnormal situations and 

daily task situations.  Examining its applicability to those situations needs to be 

approached from two perspectives-reliability or methodological aspect, which 

concerns the process of applying TACOM to those situations, and validity aspect 

that addresses the problem of how well TACOM-based measures reflect the actual 

task complexity of those situations.  

This section described its applicability to abnormal situations focusing on the 

methodological aspect through two case studies. We described the process of using 

TACOM giving the examples pertaining to ‘turbine generator trip (TGT)’ procedure, 

which includes cognitive task analysis of TGT procedure, construction of four 

graphs (ACG, ISG, AHG, and EDG), and calculation of task complexity score. Based 
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on the case studies, it seems reasonable to conclude that TACOM can be reliably 

used as a task complexity measure for abnormal situation. Certainly, its validity 

needs to be examined thoroughly in an empirical way, and more case studies with 

other AOPs will be beneficial. However, considering the nature of tasks designed 

for abnormal situations and their structure and contexts, we can cautiously say that 

the value of TACOM will not suffer significantly in terms of its validity in abnormal 

situations. 

Based on the results described in this section and other case studies we 

conducted that are not described here, we believe that TACOM can also be reliably 

applied to daily task situations. However, in comparison to abnormal situations, 

daily task situations are somewhat different from emergent situations in terms of 

task structure and content. Thus the applicability of TACOM to the tasks in normal 

situations, such as maintenance and testing, needs to be examined in a more 

comprehensive way. And TACOM currently does not deal with complexity factors 

related to interface-based or interface-oriented operations. Some of the tasks of daily 

task situations are highly dependent on interface operations. Thus this issue needs 

to be addressed to enhance the practicality of TACOM.  

 

3.5 Application Examples 

This section describes three examples to demonstrate the use of the theoretical 

results that are explained in the section 3.1 to 3.3. Firstly we an example of 

identifying and organizing the complexity factors analytically by using the 

proposed conceptual framework and complexity model in the section 3.1. Secondly, 

some of the earlier studies on complexity factors are then compared from the 

perspectives offered by the framework. Thirdly, we describe an application example 
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to demonstrate the process of identifying and using task complexity factors based 

on the proposed model and model-based method in the section 3.2 and 3.3. 

 

3.5.1 Example of Using Conceptual Framework 

A. Analytical Identification and Organization of Complexity Factors 

The primary use of the conceptual framework is to support analytical identification 

and organization of the complexity factors of HSI. It is expected to help researchers 

have more holistic viewpoint when dealing with complexity factors.  Considering 

the research purposes or task situations, researchers can give more focus on some 

views in the framework. However, we have a stance that the knowledge view is a 

principal element in many cases.  

It should, however, be noted that the framework does not support automatic 

generation of complexity factors. It also does not guarantee that identified factors 

are complete. As with other conceptual frameworks, identification of complexity 

factors using the proposed framework needs subjective judgment and analysis. But 

the subjective thinking process can be more comprehensive and systematic with the 

use of the proposed framework. 

Figure 3-18 shows an example of identifying complexity factors with emphasis 

on the knowledge view; thus the knowledge view-based complexity model in 

Figure 3-5 is used as a supporting tool. Again it should be noted that the set of 

complexity factors identified here is not the full coverage of meaningful complexity 

factors. But the relationships between them can be easily clarified by the framework 

and the model. Accordingly we can compare these identified factors in terms of the 

types and the use of the knowledge.  
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<Figure 3-18. Example of identified complexity factors based on knowledge view> 

 

For example, in Figure 3-18, we can compare two factors related to structural 

aspects of knowledge: ‘span of functional abstraction levels’ and ‘task structure and 

number of required action steps’. The former means the number of levels of 

functional abstraction in the knowledge representation of work domain or system; 

thus it is related to work domain knowledge. For example, a process control system 

is generally represented with five functional abstraction levels (Rasmussen, 1985). If 

we assume that human operators need to use three abstraction levels to conduct a 

task in the system, then the value of the factor ‘span of functional abstraction levels’ 

becomes three. When we perform a task, we can achieve the goal of a task by 

carrying out a series of action steps. If we assume that human operators need to 

carry out eight distinctive action steps to achieve a task, then the value of the factor 

‘task structure and number of action steps’ becomes eight, and it is related to task 

knowledge structure.  

 



 

96

B. Assessment of Earlier Studies on Complexity Factors 

Although the primary use of the framework is to identify and organize complexity 

factors, it can be used for other purposes. For example, the framework enables us to 

reinterpret and integrate earlier studies on complexity factors and complexity 

models. Table 3-7 compares six studies in terms of eight criteria, all of which come 

from the conceptual framework. Table 3-7 points out some directions to supplement 

each of the studies. For example, the complexity factors studied by Gill and Hicks 

(2006) can be further considered and organized by using the structure view and the 

context view. 

As an example of detailed analysis of the earlier studies, we consider TACOM 

(TAsk COMplexity) explained in the section 3.4. TACOM is made up of five sub 

measures (complexity factors) addressing different aspects of the task complexity: 

SIC, SLC, SSC, AHC, and EDC. 

The framework was applied to assess the complexity factors identified in the 

study of TACOM analytically and examine research directions to advance it. When 

we consider two approaches of examining complexity factors, TACOM was 

developed by using a top-down approach, rather than a bottom-up approach, 

although opinions from human operators of NPPs were reflected to identify five 

complexity factors. Thus, as a supplementary study for TACOM, we can think of a 

development of questionnaire items, which qualitatively examine the validity of the 

five complexity factors.   

Regarding the structure view, TACOM focuses on task complexity, which is a 

core complexity type to be examined for better design of HSI. Five complexity 

factors of TACOM can be regarded as designed complexity factors because they can 

be analyzed by referring to design knowledge. Considering the context view, we 

can say that the five factors are not limited to the context characterized by the  
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<Table 3-7. Review of Earlier Studies on Complexity Factors Based on the Proposed Conceptual Framework> 

 Rothrock et al. 
(2005) 

Gill & Hicks 
(2006) 

Park & Jung 
(2006) Hillburn (2004) Xing (2004) Thelwell (1994) 

Work domain Air traffic control Information 
system 

Nuclear power 
plant Air traffic control Air traffic control Process control 

Scope of system 
concerned Team tasks Individual tasks Individual tasks System and Task User interfaces System and Task 

Approach Top-down and 
Bottom-up Top-down Top-down and 

Bottom-up Top-down Top-down Top-down 

Knowledge view       

Structure view       

Design view       

Context view       

Role view       

 

(  : Much consideration, : Moderate consideration,  : Little consideration) 
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nuclear industry and thus easily generalizable to other work domains, though 

TACOM has been developed in nuclear industry. However, with regard to the role 

view, TACOM has not been studied enough to identify the roles of each complexity 

factors in relation to human performance. This should be more clearly examined in 

the future.  

We can make a corresponding relationship between five complexity factors 

and their associated knowledge types: AHC and work domain knowledge, SIC and 

SSC and task knowledge, SLC and strategic knowledge, and EDC and cognitive 

resources. From this, it can be said that TACOM does not address complexity 

factors related to the aspects of collaboration knowledge and interface knowledge. 

To apply TACOM to other task situations requiring high collaboration between 

human operators, complexity factors related to collaboration knowledge need to be 

added to TACOM. Additionally, we found that the five complexity factors of 

TACOM have not been further studied in detail, taking account of three aspects 

(structural, functional, and temporal) specified in the knowledge view-based 

complexity factor model. 

 

3.5.2 Example of Model-Based Evaluation of Task Complexity 

To demonstrate the use of the proposed model and the complexity factors in the 

section 3.3, we identified the complexity factors of the task 2 of the task procedure 

for coping with SGTR, which is shown in Figure 3-8. As SGTR is one of very critical 

accidents to threatening the safety of NPPs, all the tasks in this procedure must be 

effectively achieved within certain time limit. Thus human operators experience 

high degree of cognitive complexity when following the tasks in the procedure. In 

this regard, it seems appropriate to analyze the complexity factors of the task 2 in 

order to demonstrate the use of the proposed model-based approach and to assess 
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its usefulness. The task procedure specifies that the task 2 should be conducted by 

two steps (step 4 and step 5), each of which is further divided into two parts-

instructions and contingency actions. When following steps specified in procedures, 

human operators should conduct contingency actions whenever the results of 

performing instructions are not satisfactory.  This means that two contingency 

action parts of two steps in the task 2 don’t need to be always conducted. It would 

be more meaningful to regard the two contingency action parts as separate steps 

when identifying task complexity factors.  Thus the task 2 is considered to have four 

steps: S 4-1, S 4-2, S 5-1, and S 5-2.  

As specified in Figure 3-11, cognitive task analysis should be firstly conducted 

for the task 2 to specify information requirements, detailed cognitive actions, and 

required knowledge of the system, all of which are the good source of identifying its 

complexity factors. The proposed model stipulates that a task should be 

decomposed into step levels comprising several actions, as a starting point for 

cognitive task analysis. However, task procedures designed for coping with 

emergency situations (e.g. STGR) in NPPs are usually formulated by a hierarchical 

structure consisting of three levels (task-step-action). Thus, the description of the 

task 2 shown in Figure 3-8 can be directly used without any further decomposition 

or synthesis of its elements.  

Figure 3-19 summarizes the task analysis results of the task 2. Each step of the 

task is composed of several distinctive actions (DAs). As explained previously, one 

action verb and an object to act on generally characterize a DA. It should be noted 

that one action description in the procedure (Figure 3-8) is decomposed into several 

smaller DAs that are cognitively meaningful, as shown Figure 3-19. For example, 

one action description in the procedure ‘Verify all the HPSI pumps are running’ is 

decomposed into two DAs: ‘Identify the number of all the HPSI pumps to be 
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checked’ and ‘Verify all the HPSI pumps are running.’ To perform a DA, operators 

need to be aware of some information-information requirements. Figure 3-19 shows 

the information requirements for each DA. In consideration of the purpose of each 

DA and information flow between DAs in a step, each DA should be mapped to one 

of five cognitive activity types in the behavioural aspect of tasks. For example, it is 

evident that the action ‘Identify the pressure of pressurizer’ has the purpose of 

collecting information requirements-pressure of pressurizer. Thus it can be 

regarded as information collection activity. As another example, the DA ‘Verify that 

SIAS are not automatically actuated’ has the purpose of assessing the current 

situation related to SIAS, by using the collected information-state of SIAS. Thus it 

can be regarded as information analysis activity. Taking account of information 

requirements of each DA in a step and the parts of the system influenced by the 

performance of the step, we can specify the knowledge of the system required to 

accomplish the step. Our proposed approach uses the abstraction-decomposition 

matrix, developed by Rasmussen (Rasmussen, Pejtersen, & Goodstein, 1994), to 

specify the scope of the knowledge. For example, the step S 5-1 requires the use of 

the knowledge at three functional abstraction levels and two physical 

decomposition levels. In more detail, SI flow corresponds to abstract function level, 

the actual state of charging pumps related to generalized function level, and the 

configuration of charging pumps are the knowledge at physical function level. And 

RCS is at the level of subsystem and pumps are at the level of component. 

Collectively the scope of system knowledge required of each step, we can think that 

the task 2 requires the use of system knowledge at three functional abstraction 

levels and two physical decomposition levels (see Figure 3-10).   
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<Figure 3-19. Task analysis results of the task 2 of STGR procedure > 
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Based on the results of cognitive task analysis, the complexity factors of the 

task 2 are identified, as shown Figure 3-20. All the six complexity factors related to 

the functional and the structural aspects of the task 2 should be considered in 

evaluating its complexity. Based on the types of cognitive activities related to DAs 

of the task 2, shown in Figure 3-19, its relevant complexity factors are identified at 

the behavioural aspect. As decision and action selection activity is not related to any 

DA of the task 2, its related three complexity factors are excluded. To state it again, 

the twenty-one complexity factors suggested in this study are never the best 

complexity factors for all the situations. Thus if one think that other complexity 

factors are more suitable to the task 2 and conform to the concepts underlying the 

proposed model, it can never be a problem. 

After identifying the eighteen complexity factors shown in Figure 3-20, we 

measured them by using the formula and referring to examples provided in their 

detailed descriptions. Figure 3-21 shows the measured value of the complexity 

factors of the task 2. Due to the limitation of space, we do not explain all the 

measurements in detail. Instead, let’s consider the measurement of three complexity 

factors relating to information collection activity of step S 5-1. This step prescribes 

that all the actions must be achieved. In this example, it is assumed that there are 

three HPSI pumps, three LPSI pumps, two charging pumps, three SI valves, and 

two auxiliary systems for HPSI/LPSI respectively. The information to be collected 

for the step S 5-1 includes: state of SIAS, SI flow, judgment criteria (reference value 

in SI delivery curve), number of HPSI, number of LPSI, number of charging pumps, 

state of each HPSI, state of each LPSI, state of each charging pump, and four action 

records indicating whether four actions specified in the procedure are actually 

conducted. Thus the total number of variables to be collected is 17. The types of the 

seventeen variables can be classified into three: real, integer, and binary. And we  
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Complexity Dimension Level 
Design Aspect 

Size Variety Order/Organization Task 
2 

Step 
 4-1 

Step 
 4-2 

Step 
 5-1 

Step 
5-2 

Functional Aspect of Task 2 Span of Abstraction-
Decomposition space Number of task goals Number of precoditions      

Information 
Collection 

Number of variables to 
collect/identify 

Number of different 
types of collected 

variables 

Number of sources to 
collect information      

Information 
Analysis 

Number of variables to 
be derived/produced 

cognitively 

Number of different 
types of derived 

variables 

Number of cognitive 
operations to be 

conducted 
     

Decision and 
Action 

Selection 
        

Action 
Implementation 

Number of control 
items to act on 

Number of different 
types of control 

items 

Number of 
considerations to be 

paid at the same time 
     

Behavioural 
Aspect of 

Task 2 

Action 
Feedback 

Number of variables to 
confirm 

Number of different 
types of variables to 

be confirmed 

Number of sources to 
get feedback from      

Structural Aspect of Task 2 Number of steps Logical relation 
between steps 

Number of warning or 
referential information      

   

<Figure 3-20. Identified task complexity factors for task 2 of SGTR procedure> 
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Complexity Dimension 

Design Aspect 
Size Variety 

Order/ 
Organizatio

n 

Note 

Functional Aspect of Task 2 6 1 0 

- Three function levels are concerned  
(Abstract-General-Physical) 
- Two decomposition levels are concerned  
(Subsystem-unit) 

Information Collection 3 2 1 - Collected variables: Pressure, state of SIAS and CIAS Step 
4-1 Information Analysis 0 0 3 - One comparison and Two judgments are needed 

Information Analysis 0 0 2 - Two Judgments are needed Step 
4-2 Action 

Implementation 2 1 0 - Two controls must be identified 

Information Collection 171 3 1 
- Collected variables: state of SIAS, SI flow, Judgment criteria, 
Number of HPSI/LPSI/charging pumps, State of 
HPSI/LPSI/Charging pumps, Action Records 

Information Analysis 0 0 9 - One comparison, Eight Judgments 
Action 

Implementation 2 1 0 - Two controls must be identified 

Step 
5-1 

Action Feedback 3 1 0 - Three action records 

Information Collection 5 1 1 
- Collected variables: Number of SI valves, Number of Aux. 
systems for HPSI/LPSI, Number of components related to 
one action, Action Record,  

Information Analysis 0 0 2 - Two judgments 
Action 

Implementation 32 1 0 - Maximum number of controls needed for each action: 3 

Behavioura
l Aspect of 

Task 2 

Step 
5-2 

Action Feedback 1 1 0 - One action record 
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Structural Aspect of Task 2 4 4 0 - Each step has one logical branch 

(Note 1: Assumption-> number of HPSI pumps: 3, number of LPSI pumps: 3, number of charging pumps: 2) 
(Note 2: Assumption -> number of SI valves: 3, number of Aux. systems for HPSI/LPSI: 2) 

<Figure 3-21. Measurement of identified complexity factors for task 2 of SGTR procedure> 
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assume in this example that all the information can be obtained through a local 

panel.  

The measurement of complexity factors related to the step S 5-2 needs a 

careful consideration of action descriptions in the procedure. While the step S 5-1 

requires that all the actions must be achieved, the step S 5-2 specifies that only one 

of the six actions can be performed to achieve the purpose of the step. This task 

prescription should be reflected in the measurement of complexity factors. Among 

the six actions, the action ‘Energize electrical power to SI valves’ has the maximum 

number of variables to be collected, which include the state of three SI valves, the 

number of SI valves, and one action record indicating whether this action has been 

conducted. Thus the measured value of the factor Number of variables to 

collect/identify becomes 5 for this step.  

 

3.6 Task Complexity-Based Principles for Designing 

Display 

The concept of task complexity can be effectively used when evaluating information 

displays. Designing information displays for complexity technologically systems, 

such as NPPs, entails several decision making problems that are too difficult to 

resolve intuitively. Thus a set of principles and guidelines have been developed to 

help designers tackle their design problems more systematically. This section is 

concerned with how well-known display design principles can be interpreted in 

terms of task complexity and what principles can be derived from the studies of 

TACOM. The description of this section can be a starting point to apply the concept 

of task complexity to the design of information displays in NPP. 
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3.6.1 Overview of Information Display Design 

Information displays are one element of human-system interfaces, which shows the 

states of the controlled system and other information relevant to tasks (O’Hara, 

Brown, Lewis, & Persensky, 2002). Designing information displays for NPPs is itself 

a very cognitively complex task that includes requirements analysis and modelling, 

conceptual architecting, trade-off analysis of design options, predicting the quality 

of conceptual designs, consideration of available technologies, and so on. Thus a 

cognitively well engineered display cannot be achieved in an ad hoc manner. The 

process of designing high-quality displays for NPPs absolutely needs a set of well-

defined methods, principles, and guidelines (Ogden, 2001).  

As with other design activities, designing information displays of NPPs needs 

designers’ logical problem solving and their creative innovation. Thus all the design 

activities should be accompanied by evaluations that can give proper feedback to 

design options and drive design solutions to be optimized. Evaluation activities 

play the central role during the development of information displays.  

In terms of the purpose and timing, evaluations can be categorized into two 

types: formative evaluations and summative evaluations. Formative evaluations are 

conducted during the design process of displays in order to form or influence 

design decisions. They aim to answer the question ‘what and how to conceptualize 

and redesign?’ Summative evaluations are conducted after the display design is 

finished to ensure that it meets certain requirements, criteria, standards, etc. They 

aim to answer the question ‘how well did designers do?’ (Rosson & Carroll, 2002) 

Most of evaluation studies, however, on the information displays of complex 

socio-technical systems, such as NPPs, have been focused on developing methods 
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and measures for summative evaluation. Comparatively, less attention has been 

given to formative evaluations. But formative evaluations can be very strategic 

activities to enhance the quality of display designs because it directly influences 

design decisions. Several concepts and methods can be employed to conduct 

formative evaluations; however, our stance is that task complexity can be a key 

concept for formative evaluations of display designs. This does not mean that task 

complexity is not useful to summative evaluations. It can surely be a meaningful 

criterion for assessing the quality of finished display designs. Considering the 

efficiency of formative evaluations, we can say that it would be better to conduct 

them analytically based on a model or principles.  

There are two more things to be considered when designing and evaluating 

information displays. One thing is the design factors of information displays, which 

are the elements constituting displays semantically or syntactically. In general, there 

are seven typical design factors of displays for NPPs. It is very difficult to consider 

all the seven design factors simultaneously. Thus designers need to deal with each 

of separately under a unified design framework. Dealing with each design factor 

involves several design problems to be resolved. Table 3-8 summarizes the six 

design factors and their related design problems in NPPs (Ham, 2001). 

The other thing to note is the difference between function-oriented displays 

and task-oriented displays. Function-oriented displays are designed to deliver 

human operators the entire set of functions and structures of the system being 

controlled. Task-oriented displays aim to provide human operators with a set of 

information directly relevant to the tasks they must conduct. When we think of a 

tube map, the static tube map showing all the tube lines and their relationships can 

be regarded as a function-oriented display, whereas a particular path on the tube 

maps indicating a starting point to a ending point as a task-oriented display. In this 
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regard, Ecological Interface Design (EID) framework, which is becoming a de facto 

standard in designing displays for process control systems, is more related to 

function-oriented displays. This is because EID emphasizes that all the work 

domain knowledge of the controlled system should be modelled by AH and 

represented in a display. Displays designed based on EID framework do not 

support a particular task. Task procedures and displays supporting the execution of 

procedures are typical examples of task-oriented displays.  

 

<Table 3-8. Six design factors of information displays> 

Design Factors Design Problems 

Display Content 
Entire set of information that should be provided to 
operators so that they can cope with all kinds of task 
situations effectively 

Display Pages 
A defined set of information to be displayed as a single 
unit. Display pages usually have a label and designation, 
so it can be accessed as a single display 

Display Formats 

Visual formats that convey the meaning of display 
content. Typical examples are text, mimics and P & ID, 
trend graphics, and flowcharts. Usually, a display 
contains several display formats, rather than a single 
format 

Display Elements 
Basic components that are used to make up the display 
format. Typical examples are labels, abbreviations, 
colours, icons, symbols, and highlighting 

Display Networks Organizational scheme within which all display pages 
are structured 

Display Management 
and Navigation Features 

Means by which operators manipulate displays and 
move within a single display page and between pages 

Functions for Error 
Prevention Entire set of functions designed to prevent errors 

 

To summarize, we stated three issues related to the design and evaluation of 

displays for NPPs: formative and summative evaluation, seven display design 

factors, and function-oriented and task-oriented designs. Our concern is how to use 

the concept of task complexity in the design and evaluation of displays, paying 

particular attention to the three issues. Table 3-9 shows what design activities the 
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concept of task complexity can be used for.  Based on Table 3-9, pursuing the 

concern, we formulated the problem of how to complement EID framework with 

task complexity and TACOM and reinterpreted well-known design principles in 

terms of task complexity. 

 

<Table 3-9. The use of task complexity concept to display design activities> 

Display Type 
 
 

Evaluation Type & Design Factors 

Function-oriented 
displays 

Task-oriented 
displays 

Display Content -  

Display Pages   

Display Formats   

Display Elements - - 

Display Networks   

Display Management and 
Navigation Features   

Formative 
evaluation 

Functions for Error 
Prevention   

Summative evaluation   

 
(  : Highly related, : Moderately related,  : Lowly related) 

 

3.6.2 Application of TACOM to Ecological Interface Design 

We can think of two ways of applying the studies of TACOM to EID framework. 

One is to consider the complexity of tasks designed by ecological displays and the 
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other is to consider the complexity of tasks when incorporating task-relevant 

information into function-oriented ecological displays.  

 

A. Complexity of Task Designed by Ecological Displays 

As described previously, the goal of ecological displays is to portray the actual 

semantics of the system being controlled-actual work domain knowledge 

represented by AH. They are not designed to facilitate the execution of a particular 

task; they aim to make human operators build the right mental model of the system 

and help them cope with all task situations, particularly unexpected situations. EID 

framework specifies that display content should contain all the function levels of 

AH; there is no need of considering task complexity.  

Task complexity can be considered when comparing two ecological displays 

that are the same in terms of information content and different in terms of other 

design factors, such as display formats and display management. Because of the 

difference in these design factors, the task requirements needed to achieve a task 

can be different by each ecological display. In this case, SIC, SLC, and SSC in 

TACOM can be used to assess the complexity of tasks designed on ecological 

displays. This measurement can be a basis for making a judgement on the quality of 

several ecological displays. However, it should be noted that the measured 

complexity of tasks designed on ecological displays is highly dependent on the 

nature of considered tasks.  

 

B. Incorporating Task-Relevant Information to Ecological Displays 

The original design philosophy of ecological displays does not consider task-related 

information. However, several studies claimed that the problem of incorporating 
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task-related information into ecological displays would be an important research 

topic to advance EID framework (Jamieson, Miller, Ho, & Vicente, 2007). Then an 

arising question is how to incorporate task-relevant information-adaptive 

presentation of task-relevant information in ecological displays. In comparison to 

the way of applying TACOM to EID explained above, the studies of TACOM can be 

usefully applied to this case.  

Task-relevant information can be adaptively presented towards reducing task 

complexity. From the studies of TACOM, we can derive several design principles or 

guidelines for reducing task complexity. For example, if an action can be done only 

with the use of information at low abstraction level, its complexity is low, in terms 

of AHC. Thus design principles we can derive are: ‘Redesign a task so that all the 

required actions of it can be performed at low abstraction level’ and ‘Identify and 

visualize high level information related to several actions.’ Other examples of 

design principles that can be derived from EDC are: ‘If possible, provide a clear 

decision criterion,’ ‘Visualize the trend of variables to be monitored to achieve a 

task,’ and ‘Identify and visualize high-level information integrating all the observed 

variables.’ 

 

3.6.3 Display Design Principles in Terms of Task Complexity 

In order to help designers deal with display design problems, several design 

principles have been established. Of those, the principles described in the book 

written by Wickens, Gordon, and Liu (1998) are worthy of note. They provide 

thirteen useful principles for designing information displays, which are divided into 

four distinct information-processing perspectives (perception, attention, mental 

model, and memory). The principles are summarized as follows, and if they are 

related to a certain complexity factor of TACOM, it is mentioned together with them. 
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Perception perspective 

- Avoid absolute judgment limits: The display should not require the operator to judge 

the level of a represented variable that contains more than five to seven possible 

levels.  (Related complexity factor: EDC) 

- Top-down processing: Humans tend to perceive and interpret information according 

to their mental models and knowledge structures established by the past 

experiences. Thus, when it is necessary to present information unexpected to the 

operator, more physical evidence of that information should be provided. 

(Related complexity factor: AHC) 

- Redundancy gain: If the same information (data) is presented in alternative physical 

forms (e.g., print and pictures), it will be more likely to be perceived correctly. 

(Related complexity factor: SIC, EDC) 

- Discriminability: The display should not make the operator confuse different 

variables due to their similar features. Instead, dissimilar features are presented 

to make them easily distinguishable. (Relate complexity factor: SSC, EDC) 

 

Attention perspective 

- Minimizing information access cost: Good display minimizes the time and effort for 

the operator to find and get the required information. (Relate complexity factor: 

SSC) 

- Proximity compatibility principle: Task proximity should match display proximity. 

(Relate complexity factor: AHC) 

- Principle of multiple resources: When a lot of information should be represented, 

their processing will be enhanced if they are presented in various cognitive 

resources/modes (e.g., auditory and verbal). (Relate complexity factor: SIC, EDC) 

 

Mental model perspectives 

- Principle of pictorial realism: The way display presents a variable should reflect its 

inherent properties. For instance, thermometer should be oriented vertically, 

since temperature has high and low value. (Relate complexity factor: AHC, EDC) 
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- Principle of the moving part: The moving part of the display should move in the 

same direction that is compatible with the human's mental model about its 

movements. (Relate complexity factor: EDC) 

- Ecological interface design: The ecology of the work domain should be well 

represented to the display. (Relate complexity factor: AHC, EDC) 

 

Memory perspectives 

- Principle of predictive aiding: Good display supports the operator's cognition about 

the future states of some variables. (Relate complexity factor: EDC) 

- Principle of knowledge in the world: Human's memory load can be greatly reduced if 

the display directs what they should do and how to do it by showing information 

related to it, rather than relying on the human's memory about it. (Relate 

complexity factor: EDC) 

- Principle of consistency: Display should make the operator process information in a 

consistent manner. (Relate complexity factor: SLC, SSC) 
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IV. Goal Achievement and Contribution 

4.1 Goal Achievement 

The purpose of this project is to develop a model-based method for identifying 

cognitive task complexity factors and evaluating the complexity of tasks, which can 

be generally used in diverse situations in NPPs that include abnormal situations and 

daily task situations. The purpose was achieved by six work packages, each of 

which studied sub research topics. Table 4-1 shows the research results of each work 

package, the degree of achievement, and criteria for judging the degree of 

achievement.  

<Table 4-1. Research results and achievement> 

No Time Main Research Results Achieve-
ment (%) Judgment Criteria 

WP-
2 

1st 
year 

Conceptual framework 
and model for addressing 

task complexity issues 
100 

- Theoretical soundness and 
coverage of framework and 
model 
- Organization of 
complexity factors 

WP-
3 

1st 
year 

Practical model of task 
complexity and 

Identification of twenty-
one complexity factors 

100 

- Practicality of model and 
factors 
- Representativeness of 
factors 

WP-
4 

1st to 
2nd 

year 

Model-based method for 
evaluating task 

complexity 
100 

- Practicality of method 
- Provision of detailed 
process and principles to 
use the method 

WP-
5 

2nd 
year 

Confirmation of 
applicability of TACOM to 

abnormal situations and 
daily operations 

100 - Validity of method of 
examining the applicability 

WP-
6 

2nd to 
3rd 

year 

Reinterpretation of 
principles for designing 
information displays in 

terms of task complexity 

100 

- Provision of new insight 
on the use of principles 
-Provision of insight on the 
use of task complexity in 
conceptual design of 
display 

WP-
7 

2nd to 
3rd 

year 

Application examples 
demonstrating the use of 

conceptual research 
results 

100 

- Validity of selected 
examples 
- Detailed description on 
the use of conceptual results 
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Each of the research results were explained in detail in the following sections.  

- A conceptual framework for addressing complexity factors and a model of 

complexity focusing on knowledge types that human operators employ 

(section 3.1: Framework and Model of Task Complexity Factors) 

- A more practical model of task complexity and identification of twenty-one 

task complexity factors based on this model (section 3.2: Identification of 

Task Complexity Factors) 

- Development of a model-based method for identifying task complexity 

factors and evaluating cognitive task complexity (section 3.3: Model-Based 

Evaluation of Task Complexity) 

- Confirmation of the applicability of TACOM (TAsk COMplexity) to 

abnormal situations and daily task situations (section 3.4: Application of 

TACOM to Abnormal Situations and Daily Operations) 

- Development of application examples demonstrating the use of conceptual 

research results (section 3.5: Application Examples) 

- Reinterpretation of well-known principles for designing information 

displays, based on the concept of cognitive task complexity (section 3.6: Task 

Complexity-Based Principles for Designing Display) 

 

4.2 Contribution 

The main contributions of this study to the academics and nuclear industry can be 

summarized from the four perspectives. Firstly, this study provided a 

comprehensive framework by which various research issues related to complexity 

can be understood and studied in a coherent and integrated way. It is not easy for 

researchers and designers to make sense of the meaning of complexity appropriate 

to their research problem because there are various definitions of complexity and a 

number of different complexity factors. The conceptual framework proposed in this 

study will be useful to help researchers in this aspect.  

Secondly, this study developed a model of task complexity factors, twenty-

one complexity factors, and a method for evaluating task complexity qualitatively 
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based on the model. These research results can be practically used in cognitive task 

analysis emphasizing on task complexity and task design in NPPs. As these 

conceptual research results are not specific to particular task types, they can be 

generally used in various task situations. And they can be used as a complementary 

method to other existing methods for identifying task complexity and evaluating 

task complexity. One point characterizing the model is the concept that task is a 

system to be designed. Thus this model and the model-based evaluation method are 

expected to be a good starting point of research on cognitive task design in the field 

of CSE and HCI.   

Thirdly, this study examined the applicability of TACOM to abnormal 

situation and daily task situation and confirmed that it can be fairly used in those 

situations. TACOM provides a simplified, powerful method of evaluating task 

complexity quantitatively. And, as several studies proved, it is predictive of task 

performance time and mental workload. For this reason, the fact that it can be 

reasonably used in other task situations as well as emergency situations is 

favourable to researchers working on human performance and system safety in 

NPPs.  

Lastly, this study examined the problem of evaluating the conceptual design 

of HMI and reinterpreted existing design principles in terms of complexity, though 

they are not deeply delved into. There is no HMI design method or framework that 

employs the concept of task complexity systematically in the evaluation of 

conceptual designs.  Thus this research results can be used as a basis for extending 

well-known HMI design framework, such as EID.  
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V. Applications 

5.1 Application Plan 

This study developed several theoretical results, which include a conceptual 

framework for addressing complexity issues, knowledge view-oriented complexity 

model, a practical model of task complexity factors, twenty-one complexity factors, 

and a model-based method for evaluating task complexity. These results can be 

used as a thinking tool or conceptual basis when dealing with issues related to task 

complexity, system complexity, and human performance in NPPs. Additionally, as 

the proposed model-based method is specified in detail, it can be directly used to 

evaluate the complexity of tasks designed for controlling and supervising NPPs.  It 

is suggested to use the evaluation results to redesign the procedure-based tasks of 

high complexity and to devise some ways of reducing the cognitive complexity of 

the tasks.  

TACOM, which was developed by KAERI, can be used to evaluate the 

complexity of tasks for coping with abnormal situations and daily operations in 

NPPs. As this study confirmed that TACOM could be reliably applied to those 

situations in terms of its application process through case studies, there will be no 

great difficulty in using it based on the task analysis results of the procedures used 

in those situations. However, this study could not confirm the validity of TACOM 

in those situations. Thus it would be safer to apply TACOM to those situations after 

conducting some further studies to secure its validity.  

The research results of this study can be applied to other industrial domains 

as well as NPPs. As most of the theoretical results are developed on the basis of 

concepts and principles of CSE and systems engineering, they can be applied to 

other complex systems in which managing cognitive task complexity is significant.  
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5.2 Further Studies 

The theoretical results developed in this study would be too abstract to researchers 

and designers without background knowledge on CSE and systems thinking.  One 

approach to enhance their usefulness is to develop as many application examples as 

possible. And more practical, detailed guidelines for using them would be beneficial. 

Particularly, the measurement of twenty-one complexity factors is a complicated 

process including thorough cognitive task analysis. Thus it is necessary to develop 

many examples that can be referenced in the measurement process.  

As described above, the validity of TACOM in abnormal situations and daily 

task situations in NPPs was not dealt with in this study. Through case studies, we 

could tentatively conclude that there would be no significant problem with its 

validity in those situations. Nonetheless, it is inevitable to investigate it validity 

thoroughly to make the most of the practical advantages of TACOM. Our stance is 

that the research results of this study can serve as a foundation for the future studies 

examining its validity.  

EID becomes a de-facto standard in designing information displays for 

process control system, including NPPs. However, the EID framework does not 

offer any practical method of evaluating the conceptual design of information 

display analytically. We claimed that the concept of task complexity would be a key 

concept in the analytical evaluation of information displays. Thus it is 

recommended to study the problem how to incorporate the concept of task 

complexity into the EID framework.  
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Appendix A. Twenty-One Complexity Factors in Task Complexity Model 

- The second task of the procedure for Steam Generator Tube Rupture (SGTR) is used as the example of the factor Span of Abstraction-

Decomposition Space.  

- The examples of the other factors use the task descriptions in the simplified version of procedures for abnormal situations or daily task 

situations. The procedures used to give the examples are as follows: 

: Procedure for ‘Auxiliary Feedwater Pump Operability Testing’ 

: Procedure for ‘Turbine Valve Periodic Testing’ 

: Procedure for ‘Loss of Condenser Vacuum’ 
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Design Aspect Functional Aspect of Task 
Complexity Dimensions Size 

Code of Factor CF-FS 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Span of 
abstraction-

decomposition 
space 

What part of the 
controlled system 

must be 
considered to 

achieve this task 
in terms of 
functional 

abstraction and 
physical 

decomposition? 

Count the number of 
cells of abstraction-

decomposition matrix, 
which correspond to the 
functions or parts to be 
considered for this task 

X = the number of cells of 
the spanned matrix S 

 
HF = the cell for the 

function at the highest 
abstraction level and the 

highest decomposition level 
LF = the cell for the function 

at the lowest abstraction 
level and the lowest 
decomposition level 

S = Matrix containing HF 
and LF 

1 <= X <=15 
The larger is the 
more complex 

Absolute 

X = 
Count 

S = 
Matrix 
(Size) 
HF = 

Location 
LF = 

Location 

       
Note: 
1. Abstraction-Decomposition matrix has 15 cells, which is formed by five functional abstraction levels and three physical decomposition levels. 
It follows the idea studied by Jens Rasmussen. 
2. It is assumed that all the functions included in the spanned matrix S are explicitly or implicitly considered for the task.  
 
Example: 
The second task in the procedure for steam generator turbine rupture (SGTR) is: “Providing a sufficient safety injection (SI) flow.” 
This task has two steps. The system knowledge needed for these two steps can be analyzed by the use of abstraction hierarchy. Human 
operators need to know the system knowledge at three abstraction levels and two decomposition levels. Thus the spanned matrix S has six (3 x 
2) cells. The value of this factor for this task is 6.  
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Design Aspect Functional Aspect of Task 
Complexity Dimensions Variety 

Code of Factor CF-FV 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of task 
goals 

How many goals 
does this task 

achieve? 
How many goals 
are related to this 

single task? 

Examine the part of 
‘Objective’  in the 

procedures for the task; 
 Count the task goals or 
situations for which the 

procedure should be 
used 

X = the number of task 
goals that should be 

achieved by conducting the 
task 

X >= 1 
The larger is the 
more complex; 

The most desirable 
is X = 1 

Absolute X = 
Count 

Note: 
1. It is usual that several task goals are described in one sentence and not explicitly specified in the ‘Objective’ part in the procedure; thus it 
should be carefully examined through reading procedures.  
 
Example: 
The procedure for the task ‘Auxiliary Feedwater Pump Operability Testing’ has three task goals (objectives) 
- Testing operability and reliability of motor-driven auxiliary feedwater pumps in the auxiliary feedwater system 
- Testing operability and reliability of diesel-driven auxiliary feedwater pumps in the auxiliary feedwater system 
- Testing operability and reliability of safety-related valves in the auxiliary feedwater system  
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Design Aspect Functional Aspect of Task 

Complexity Dimensions Order/Organization 
Code of Factor CF-FO 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of 
preconditions 

How many 
preconditions 

should be checked 
and satisfied 

before doing this 
task? 

Examine the part of 
‘Initial Condition’  in 

the procedures for the 
task; 

 Count the 
preconditions that 
should be satisfied  

X = the number of 
preconditions specified in 

the task procedure 

X >= 0 
The larger is the 
more complex 

Absolute X = 
Count 

Note: 
It is unlikely that procedures for abnormal situations and emergency situations have the part of ‘initial condition’. It is usual that procedures for 
maintenance and testing tasks have this part. 
 
Example: 
The procedure for the task ‘Turbine Valve Periodic Testing’ has eight preconditions, some examples of which are as follows. 
- Turbine generator is on mode (is running). 
- Turbine RUNBACK/SETBACK is not running 
- In Digital Control Monitoring (DCM), TSPL is off state 
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Design Aspect Behavioural Aspect of Task – Information Collection 

Complexity Dimensions Size 
Code of Factor CF-B(I)S 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of 
variables to 

collect/identify 

How many 
variables 

(information) 
should be 

collected or 
identified to 

execute this step? 

Examine the 
prescription of the step;  

Identify the variables 
that should be observed 

and identified for the 
step  

X = the number of variables 
to be identified in the 

prescription of the step 

X >= 1 
The larger is the 
more complex 

Absolute X = 
Count 

Note: 
N/A 
 
Example: 
 
The step 10.1.2.7 in the procedure for the task ‘Auxiliary Feedwater Pump Operability Testing’ is: 
“Stop diesel-driven auxiliary feedwater pump (02PA) by using an manipulation switch (HS-011A) in the main control room (PM-07J).” 
 
There are two variables to be identified are:  
- Current state of diesel-driven auxiliary feedwater pump (02PA) 
- Current state of manipulation switch (HS-011A) 
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Design Aspect Behavioural Aspect of Task – Information Collection 

Complexity Dimensions Variety 
Code of Factor CF-B(I)V 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of 
different types of 

collected 
variables 

How many 
different types of 
variables exist in 

the information to 
be collected? 

Make the list of 
variables that should be 

collected for the step; 
Categorize the types of 
variables and count the 

number of different 
types 

X = the number of different 
types of variables to be 

collected for the step 

X >= 1 
The larger is the 
more complex 

Absolute X = 
Count 

Note: 
N/A 
 
Example: 
The step 5.3.2 in the procedure for the abnormal situation ‘Loss of Condenser Vacuum’ is: 
“Confirm that primary steam generator pressure control valve (CA-V060: PM-08J, HS-60) is open and the steam generator pressure 5 kg/cm2 
(local PI-061).” 
 
This step has two different types of variables: state of valve and pressure 
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Design Aspect Behavioural Aspect of Task – Information Collection 

Complexity Dimensions Order/Organization 
Code of Factor CF-B(I)O 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of 
sources to collect 

information 

How many 
different sources 

can be used to 
acquire the 

information to be 
used for this step? 

If the sources are 
designated or implied 

in the procedure, count 
the number of them; 
If it is not specified, 

guess the number of the 
sources in consideration 

of the task contexts 

X = the number of sources 
from which the required 
information should be 

obtained 

X >= 1 
The larger is the 
more complex 

Absolute X = 
Count 

Note: 
1. The typical sources to collect information are: other operators, sensor, information display or dedicated panel, alarm, other procedures, and 
operators’ internal memory. 
2. It is possible that one variable can be obtained from multiple sources at the same time. 
 
Example: 
The step 10.2.4.4 in the procedure for the task ‘Auxiliary Feedwater Pump Operability Testing’ is: 
“Confirm that diesel-driven auxiliary feedwater pump lube oil pump (04PB) is being operated in the local panel (AF-02J). If not, start the 
operation by using manipulation switch (HS-180).” 
 
This step has one specified source: local panel (AF-02J). 
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Design Aspect Behavioural Aspect of Task – Information Analysis 

Complexity Dimensions Size 
Code of Factor CF-B(IA)S 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of 
variables to be 

derived/produced 
cognitively 

How many 
variables should 

be cognitively 
derived or 

produced to 
achieve the goal of 

this step?  

Make a detailed 
cognitive task analysis 

and identify a set of 
information 

requirements for the 
step; 

Count the number of 
intermediate variables 
that are not collected at 

the activity of 
‘Information 

Collection’, but are 
derived and used for 

the step 

X = the number of variables 
to be derived from 

cognitive operations for the 
step 

X >= 0 
The larger is the 
more complex 

Absolute X = 
Count 
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Note: 
1. It is not easy to identify this complexity factor; thus it is critical to make a careful cognitive task analysis for the task. 
2. Traditional cognitive task model, such as decision ladder, should be useful to identify this complexity factor 
 
Example: 
The step 5.5 in the procedure for the abnormal situation ‘Loss of Condenser Vacuum’ is: 
“By confirming the states of condenser vacuum destruction manipulation switch (HS-367, 368, 369) in the panel PM-08J of main control room, 
examine whether any condenser vacuum destruction valves are opened. If there are opened valves, close them manually.” 
 
The variables to be collected are: the states of three switches (HS-367, 368, 369) 
The variables to be derived cognitively are: the set of the destruction valves that should be examined, the state (closed or opened) of all the 
destruction valves; the number of the derived variables are the twice of the number of elements of the set. 

 
Design Aspect Behavioural Aspect of Task – Information Analysis 

Complexity Dimensions Variety 
Code of Factor CF-B(IA)V 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of 
different types of 
derived variables 

How many 
different types of 
variables exist? 

Make a detailed 
cognitive task analysis 

and identify a set of 
information to be 

derived cognitively for 
the step; 

Count the number of 
different types of the 

derived variables 

X = the number of different 
types of derived variables 

X >= 0 
The larger is the 
more complex 

Absolute X = 
Count 

Note: 
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N/A 
 
Example: 
The step 5.5 in the procedure for the abnormal situation ‘Loss of Condenser Vacuum’ is: 
“By confirming the states of condenser vacuum destruction manipulation switch (HS-367, 368, 369) in the panel PM-08J of main control room, 
examine whether any condenser vacuum destruction valves are opened. If there are opened valves, close them manually.” 
 
The variables to be derived cognitively are: the set of destruction valves that should be examined, the state (closed or opened) of all the 
destruction valves. 
 
There are two types of variables: nominal value and binary value 
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Design Aspect Behavioural Aspect of Task – Information Analysis 

Complexity Dimensions Order/Organization 
Code of Factor CF-B(IA)O 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of 
cognitive 

operations to be 
conducted 

How many 
different cognitive 

operations are 
needed to achieve 

the goal of this 
step? 

Make a detailed 
cognitive task analysis 
and identify cognitive 
operations for the step; 
Count the number of 

distinguished cognitive 
operations 

X = the number of 
distinguished cognitive 
operations for the step 

X >= 0 
The larger is the 
more complex 

Absolute X = 
Count 

Note: 
1. It is assumed that at least one cognitive operation is needed to derive one intermediate variable. 
2. Traditional cognitive task model, such as decision ladder, should be useful to identify this complexity factor. 
 
Example: 
The step 5.5 in the procedure for the abnormal situation ‘Loss of Condenser Vacuum’ is: 
“By confirming the states of condenser vacuum destruction manipulation switch (HS-367, 368, 369) in the panel PM-08J of main control room, 
examine whether any condenser vacuum destruction valves are opened. If there are opened valves, close them manually.” 
 
The variables to be derived cognitively are: the set of destruction valves that should be examined, the state (closed or opened) of all the 
destruction valves. 
 
- There are one cognitive operation to identify the set of the destruction valves 
- There are one cognitive operation to judge the state of each destruction valve 
- The number of cognitive operations is: the number of all the destruction valves plus one 
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Design Aspect Behavioural Aspect of Task – Decision and Action Selection 

Complexity Dimensions Size 
Code of Factor CF-B(D)S 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of 
decision making 

variables 

How many 
decision points 

are required and 
how many 

decision making 
variables are 

needed for the 
points? 

Make a detailed 
cognitive task analysis 
and identify decision 

making points needed 
for the step; 

Identify the decision 
making variables, 

including historical 
information, current 

senor values, and future 
predictions 

X = )(
1

VD
n

i
i∑

=

 

 
N = the number of decision 

points 
Di(V) = the number of 

decision making variables 
of ith decision 

X >= 0 
The larger is the 
more complex 

Absolute 

X = 
Count 

N = 
Count 
Di(V) = 
Count 

Note: 
1. Some decision making variables are also the variables that are cognitively derived at the activity of ‘Information Analysis’ or that are 
collected at the activity of ‘Information Collection.’ 
 
Example: 
The step 5.1 in the procedure for the abnormal situation ‘Loss of Condenser Vacuum’ is: 
“If the pressure of condenser is increasing abnormally, then start the operation of vacuum pumps manually.” 
 
This step has one decision-making point. 
This decision point needs the following variables: the past and the current pressure of the condenser, the difference between them, and the 
permitted difference 
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Design Aspect Behavioural Aspect of Task – Decision and Action Selection 

Complexity Dimensions Variety 
Code of Factor CF-B(D)V 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of 
possible paths to 

achieve a step 
goal 

How many 
different paths 

exist to finish this 
step? 

Make a detailed 
cognitive task analysis 
and identify decision 

making points needed 
for the step; 

Considering the 
decision points, draw a 

flow-chart type diagram 
to show all the possible 
paths to finish the step; 

Count the number of 
possible paths 

X = the number of possible 
paths 

X >= 1 
The larger is the 
more complex 

Absolute X = 
Count 

Note: 
N/A 
 
Example: 
The step 5.6 in the procedure for the abnormal situation ‘Loss of Condenser Vacuum’ is: 
“By confirming the states of circulation water pump manipulation switch (HS-001 ~ 006) in PM-08J of main control room, examine whether 
circulation water pump is stopped. If yes, start operating it manually. If it does not start, follow contingency action 6.2.” 
 
This step has two decision-making points and the number of possible paths is 3. 
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Design Aspect Behavioural Aspect of Task – Decision and Action Selection 

Complexity Dimensions Order/Organization 
Code of Factor CF-B(D)O 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of 
subjective 
judgments 
needed for 
decisions 

How many 
subjective 

judgments are 
needed for 

making decisions 
in this step? 

Make a detailed 
cognitive task analysis 
and identify decision 

making points needed 
for the step; 

Considering the 
semantic relations 
between decision 

making variables and 
decision outcomes, 

examine if any 
subjective judgments 

are needed; 
If exist, count the 

number of subjective 
judgments 

X = the number of 
subjective judgments 
needed for decisions 

X >= 0 
The larger is the 
more complex 

Absolute X = 
Count 

Note: 
N/A 
 
Example: 
The step 5.9 in the procedure for the abnormal situation ‘Loss of Condenser Vacuum’ is: 
“If there is a possibility that condenser steam bypassing prohibit signal is actuated with the rise of the pressure of condenser, reduce the turbine 
output to the level of 30%.” 
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This step requires operators make a subjective judgment about the possibility, not judgment based on the objective or referential value. 
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Design Aspect Behavioural Aspect of Task – Action Implementation 

Complexity Dimensions Size 
Code of Factor CF-B(A)S 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of 
control items to 

act on 

How many 
control items do 

operators 
physically act on? 

Examine the 
prescription for the 

step; 
Identify the control 
items that operators 

must manipulate 
physically; 

Count the number of 
the control items 

X = the number of control 
items to act on 

X >= 1 
The larger is the 
more complex 

Absolute X = 
Count 

Note: 
N/A 
 
Example: 
The step 10.1.1.7 in the procedure for the task ‘Auxiliary Feedwater Pump Operability Testing’ is: 
“Stop motor-driven auxiliary feedwater pump (01PA) by using manipulation switch HS-009A in the PM-07J of main control room.” 
 
This step has one control items: manipulation switch (HS-009A) 
 
The step 10.1.2.1 in the same procedure is: 
“Close the flowrate control valve (VAF-0045) of auxiliary feedwater pump by using manipulation switch (HS-045A) and controller (LIK-045A) 
in the PM-07J of main control room.” 
 
This step has two control items: manipulation switch (HS-045A) and controller (LIK-045A) 
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Design Aspect Behavioural Aspect of Task – Action Implementation 

Complexity Dimensions Variety 
Code of Factor CF-B(A)V 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of 
different types of 

control items 

How many 
different types of 

control items 
exist? 

Examine the 
prescription for the 

step; 
Identify the control 
items that operators 

must manipulate 
physically; 

Categorize the types of 
control items and count 
the number of the types 

X = the number of different 
types of control items 

X >= 1 
The larger is the 
more complex 

Absolute X = 
Count 

Note: 
N/A 
 
Example: 
The step 10.1.2.1 in the procedure for the task ‘Auxiliary Feedwater Pump Operability Testing’ is: 
“Close the flowrate control valve (VAF-0045) of auxiliary feedwater pump by using manipulation switch (HS-045A) and controller (LIK-045A) 
in the PM-07J of main control room.” 
 
This step has two types of control items: manipulation switch (HS-045A) and controller (LIK-045A) 
 
The step 10.1.2.2 in the same procedure is: 
“Close auxiliary feedwater isolation valves (VAF-0037/0043/0035) by using manipulation switches (HS-037A/043A/035A) in the PM-07J of 
main control room.” 
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This step has three control items (three switches), but one type of control item-switch. 
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Design Aspect Behavioural Aspect of Task – Action Implementation 

Complexity Dimensions Order/Organization 
Code of Factor CF-B(A)O 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of 
considerations to 

be paid at the 
same time 

How many things 
must be 

considered when 
executing this 

action? 

Make a detailed 
cognitive task analysis 

for the step; 
Identify variables or 

other things that should 
be considered when 
executing the action 

X = the number of things to 
be considered  

X >= 0 
The larger is the 
more complex 

Absolute X = 
Count 

Note: 
N/A 
 
Example: 
The step 5.7 in the procedure for the abnormal situation ‘Loss of Condenser Vacuum’ is: 
“Confirm the level of condenser water tank. If it is below 50%, recover the level after blocking condenser supplant water valve (CD-V1203) 
manually, in consideration of the level of condenser.” 
 
There is one variable to be considered at the same time: the level of condenser. 
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Design Aspect Behavioural Aspect of Task – Action Feedback 

Complexity Dimensions Size 
Code of Factor CF-B(F)S 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of 
variables to 

confirm 

How many 
variables should 

be confirmed after 
executing this 

step? 

Examine the 
prescription for the 

step; 
Identify what variables 
should be checked to 

examine the success or 
failure of doing the step 

X = the number of variables 
to be confirmed 

X >= 1 
The larger is the 
more complex 

Absolute X = 
Count 

Note: 
N/A 
 
Example: 
The step 5.7 in the procedure for the abnormal situation ‘Loss of Condenser Vacuum’ is: 
“Confirm the level of condenser water tank. If it is below 50%, recover the level after blocking condenser supplant water valve (CD-V1203) 
manually, in consideration of the level of condenser.” 
 
There are two variables to be confirmed as results of this step: the level of condenser water tank and the state of condenser supplant water valve 
(CD-V1203) 
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Design Aspect Behavioural Aspect of Task – Action Feedback 

Complexity Dimensions Variety 
Code of Factor CF-B(F)V 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of 
different types of 

variables to be 
confirmed 

How many 
different types of 
variables exist in 

the information to 
be confirmed 

Make the list of 
variables that should be 

confirmed after 
executing this step; 

Categorize the types of 
variables and count the 

number of different 
types 

X = the number of different 
types of variables to be 

confirmed 

X >= 1 
The larger is the 
more complex 

Absolute X = 
Count 

Note: 
N/A 
 
Example: 
The step 5.7 in the procedure for the abnormal situation ‘Loss of Condenser Vacuum’ is: 
“Confirm the level of condenser water tank. If it is below 50%, recover the level after blocking condenser supplant water valve (CD-V1203) 
manually, in consideration of the level of condenser.” 
 
There are two variables to be confirmed as results of this step: the level of condenser water tank and the state of condenser supplant water valve 
(CD-V1203) 
There are two different types: water level (real value) and state of the valve (binary value) 
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Design Aspect Behavioural Aspect of Task – Action Feedback 

Complexity Dimensions Order/Organization 
Code of Factor CF-B(F)O 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of 
sources to get 
feedback from 

How many 
different sources 

can be used to 
acquire the 

information to be 
used for this step? 

If the sources are 
designated or implied 

in the procedure, count 
the number of them; 
If it is not specified, 

guess the number of the 
sources in consideration 

of the task contexts 

X = the number of sources 
from which the required 
information should be 

obtained 

X >= 1 
The larger is the 
more complex 

Absolute X = 
Count 

Note: 
1. The typical sources to get feedback are: other operators, sensor, information display or dedicated panel. 
2. It is possible that one variable can be obtained from multiple sources at the same time. 
 
Example: 
The step 10.2.4.4 in the procedure for the task ‘Auxiliary Feedwater Pump Operability Testing’ is: 
“Confirm that diesel-driven auxiliary feedwater pump lube oil pump (04PB) is being operated in the local panel (AF-02J). If not, start the 
operation by using manipulation switch (HS-180).” 
 
This step has one specified source to get feedback: local panel (AF-02J). 
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Design Aspect Structural Aspect of Task 

Complexity Dimensions Size 
Code of Factor CF-SS 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of steps 
How many steps 

does this task 
procedure have? 

Count the total number 
of steps specified in the 
procedure for the task, 

all of which are 
distinguished 
semantically 

X = the number of 
distinguished steps 

X >= 1 
The larger is the 

more time 
consuming and 

complex 

Absolute X = 
Count 

Note: 
N/A 
 
Example: 
The procedure for the abnormal situation ‘Loss of Condenser Vacuum’ has 18 distinguished steps 
 
- One step of step number 5.1, 5.4, 5.5, 5.6, 5.7, 5.10, 5.11 
- Two steps of step number 5.2, 5.8 
- Three steps of step number 5.9 
- Four steps of step number 5.3 
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Design Aspect Structural Aspect of Task 

Complexity Dimensions Variety 
Code of Factor CF-SV 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Logical relation 
between steps 

How much are the 
steps related 

logically? 

Examine the procedure 
for the task; 

Count the number of 
logical branches 
between steps; 

Count the number of 
steps to be referenced 

by other steps 

X = L + C 
 

L = the number of logical 
branches existing between 

steps 
C = the number of steps 

referenced by other steps 
within a task 

X >= 0 
The larger is the 
more complex 

Absolute 

X = 
Count 

L = Count 
C = 

Count 

Note: 
1. The logical branches to be counted here are for the relationships between steps, not within a step. The logical relationship existing in a step is 
addressed in the factor CF-B(A)V 
 
Example: 
The procedure for the abnormal situation ‘Loss of Condenser Vacuum’ has  2 logical branches 
- Two semantically distinguished steps 5.2 and 5.2.1 is interrelated in terms of ‘if-then’ relation. 
- Two semantically distinguished steps 5.3 and 5.4 is interrelated in terms of ‘if-then’ relation. 
 
The sub-procedure 10.1 in the procedure for the task ‘Auxiliary Feedwater Pump Operability Testing’ has 4 steps to be referenced by other 
steps 
- 10.1.1.1 to be referenced by 10.1.1.7 
- 10.1.2.1 to be referenced by 10.1.2.9 
- 10.1.3.1 to be referenced by 10.1.3.7 
- 10.1.4.1 to be referenced by 10.1.4.9 
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In each case above, the initial states before performing the former step should be referenced by the latter step. 
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Design Aspect Structural Aspect of Task 

Complexity Dimensions Order/Organization 
Code of Factor CF-SO 

Factor Name Purpose of Factor Method of Application Measurement and Formula Interpretation of 
Measured Value 

Metric 
Scale Type 

Measure 
Type 

Number of 
warning or 
referential 

information 

How many 
warning or 
referential 

information 
should be 

followed for this 
task? 

Examine the procedure 
for the task; 

Count the number of 
warning or referential 

information that 
operators need to 

consider 

X = the number o f warning 
or referential information 

X >= 0 
The larger is the 
more complex 

Absolute X = 
Count 

Note: 
N/A 
 
Example: 
The procedure for the abnormal situation ‘Loss of Condenser Vacuum’ has 4 warning information (messages). 
 
 



 

 

서 지 정 보 양 식 

수행기관보고서번호 위탁기관보고서번호 표준보고서번호 INIS 주제코드 

 KAERI/CM-1253/2009   

제목/부제  

모형 기반의 인지적 직무 복잡도 평가 및 직무 설계 기법 개발 

연구책임자 및 부서명 함동한 (미들섹스대학교, 영국) 

연구자 및 부서명  

 

출판지 한국 대전 발행기관 한국원자력연구원 발행년 2010.05 

페이지 143 p. 도표 있음 ( ), 없음 ( ) 크기   30 Cm. 

참고사항  

공개여부 공개 ( ), 비공개 ( ) 
보고서종류  연구보고서 

비밀여부 대외비 ( ), _급 비밀 

연구수행기관 미들섹스대학교 (영국) 계약번호  

초록 (15-20줄내외)  

본 연구는 모형 기반의 직무 복잡도 평가 방법을 개발하였으며 원전에서의 비정상 상황 및 
일상직무 상황에서의 직무 복잡도 평가를 위한 방법들을 연구하였다. 본 과제의 주요 결과는 
다음과 같이 정리할 수 있다. 첫째, 복잡도 요소들을 체계적으로 연구하기 위한 개념적 틀을 
제안하였고 운전원이 원전에서 사용해야 하는 직무의 다양한 형태에 초점을 둔  복잡도 요소의 
모형도 함께 제안하였다. 둘째, 직무 복잡도 요소에 대한 보다 실용적인 모형을 제안하였고 이 
모형에 기반해서 21개의 직무 복잡도 요소를 도출하였다. 이 모형은 직무는 설계 되어야 하는 
하나의 시스템이며 복잡도는 여러 관점에서 접근해야 함을 강조한다. 셋째, 제안된 모형에 
기반해서 직무 복잡도 요소를 연역적으로 도출하고 직무 복잡도를 정성적으로 평가할 수 있는 
방법을 개발하였다. 이 모형 기반의 방법은 다양한 직무 상황에 폭넓게 사용될 수 있다. 넷째, 
원전의 비정상 상황 및 일상직무 상황에서의 직무 복잡도 평가의 한 방법으로 TACOM의 적용 
가능성을 조사하였다. 조사 결과 TACOM이 별 무리없이 신뢰성 있게 이들 상황에서 적용될 
수 있음을 확인할 수 있었다. 다섯째, 본 연구에서 개발된 여러 개념적인 연구결과들의 
활용성을 높이기 위해 여러 사례연구가 이루어졌다. 마지막으로 복잡도의 개념에 기반해 
정보디스플레이 설계 원칙들을 재해석했으며 직무 복잡도 개념을 이용해 디스플레이의 
개념적 설계를 분석적으로 평가 할 수 있는 방법을 제안하였다. 본 연구의 결과들은 원전에서 
운전절차서 및 디스플레이에 설계된 직무의 복잡도를 평가하거나 인적 수행도를 향상시키기 
위한 방법들을 고안하는데 활용될 수 있을 것이다.  

주제명키워드 
(10단어 내외)  

직무 복잡도, 복잡도 요소, 인적 수행도, 인지시스템공학, 인지적 직무 분석, 직무 설계, 
정보화면 설계 



 

  

BIBLIOGRAPHIC INFORMATION SHEET 

Performing Org. 
Report No. 

Sponsoring Org. 
Report No. 

Standard Report 
No. INIS Subject Code

 KAERI/CM-1253/2009   

Title/ Subtitle  
Development of Model-Based Method for Evaluating Cognitive Task Complexity and 
Human-Machine Interface Design in Nuclear Power Plants 
Project Manager and 

Department Dong-Han Ham (Middlesex University, UK) 

Researcher and 
Department  

 

Publication 
Place 

Daejon 
South Korea Publisher KAERI Publication 

Date 2010.05 

Page 143 p.  Figure & 
Table Yes ( ), No ( ) Size   30 Cm. 

Note  

Open Open ( ), Closed ( ) 
Report Type Research Report 

Classified Restricted ( ), _Class 
Document 

Performing 
Org. Middlesex University (UK) Contract No.  

Abstract  
(15-20 Lines)  

This study developed a model-based method for evaluating task complexity and examined 
the ways of evaluating the complexity of tasks designed for abnormal situations and daily 
task situations in NPPs. The main results of this study can be summarised as follows. First, 
this study developed a conceptual framework for studying complexity factors and a model 
of complexity factors that classifies complexity factors according to the types of knowledge 
that human operators use. Second, this study developed a more practical model of task 
complexity factors and identified twenty-one complexity factors based on the model. The 
model emphasizes that a task is a system to be designed and its complexity has several 
dimensions. Third, we developed a method of identifying task complexity factors and 
evaluating task complexity qualitatively based on the developed model of task complexity 
factors. This method can be widely used in various task situations. Fourth, this study 
examined the applicability of TACOM to abnormal situations and daily task situations, such 
as maintenance and confirmed that it can be reasonably used in those situations. Fifth, we 
developed application examples to demonstrate the use of the theoretical results of this 
study. Lastly, this study reinterpreted well-know principles for designing information 
displays in NPPs in terms of task complexity and suggested a way of evaluating the 
conceptual design of displays in an analytical way by using the concept of task complexity. 
All of the results of this study will be used as a basis when evaluating the complexity of 
tasks designed on procedures or information displays and designing ways of improving 
human performance in NPPs.  

Subject Keywords 
(About 10 words)  

Task Complexity, Complexity Factors, Human Performance, Cognitive Systems 
Engineering, Cognitive Task Analysis, Task Design, Display Design 


	표 제 지
	제 출 문
	요 약 문
	CONTENTS
	I. Introduction
	1.1 Purpose and Research Motivation
	1.2 Research Scope

	II. Trends of Research and Development
	2.1 State of the Art in Evaluating Task Complexity
	2.2 Importance of This Study

	III. Methodologies and Results
	3.1 Framework and Model of Complexity Factors
	3.2 Identification of Task Complexity Factors
	3.3 Model-Based Evaluation of Task Complexity
	3.4 Application of TACOM to Abnormal Situations andDaily Operations
	3.5 Application Examples
	3.6 Task Complexity-Based Principles for Designing

	IV. Goal Achievement and Contribution
	4.1 Goal Achievement
	4.2 Contribution

	V. Applications
	5.1 Application Plan
	5.2 Further Studies

	VI. References
	Appendix A. Twenty-One Complexity Factors in Task Complexity Model
	서 지 정 보 양 식



