
  

COMPILATION OF TASK ANALYSIS 
METHODS: PRACTICAL APPROACH OF 

HIERARCHICAL TASK  ANALYSIS, 
COGNITIVE WORK ANALYSYS AND 

GOALS, OPERATIONS, METHODS AND 
SELECTION RULES 

 

 
 
 
 

TXOMIN ASTIASUINZARRA BERECIARTUA 
 

 
 

  

Master of Science Thesis 
Stockholm, Sweden 2011 

 

 

 



  



 
 
 
 
 
 
 
 

 
 
 
 

COMPILATION OF TASK ANALYSIS 
METHODS: PRACTICAL APPROACH OF 

HIERARCHICAL TASK  ANALYSIS, 
COGNITIVE WORK ANALYSYS AND 

GOALS, OPERATIONS, METHODS AND 
SELECTION RULES 

 
 
 

Txomin Astiasuinzarra Bereciartua 
 
 
 
 

Master of Science Thesis INDEK 2011:154 
KTH Industrial Engineering and Management 

Industrial Management 
SE-100 44  STOCKHOLM 

 



  



 
 

 
 

 Master of Science Thesis INDEK 2011:154  
 

COMPILATION OF TASK ANALYSIS METHODS: 
PRACTICAL APPROACH OF HIERARCHICAL 

TASK  ANALYSIS, COGNITIVE WORK 
ANALYSYS AND GOALS, OPERATIONS, 

METHODS AND SELECTION RULES 
   
  Txomin Astiasuinzarra Bereciartua 

Approved 

2011-09-02 
Examiner 

Thomas Westin 
Supervisor 

Fredrik Barchéus 
 Commissioner Contact person 

Txomin Astiasuinzarra 
Bereciartua 

 
Abstract 
Progressively Human Factor methods are becoming more and more relevant in 
companies. Companies are more conscious about how affect work environment in 
workers and those in productivity. Globalization also affect to the companies given that 
they have to be more competitive, effective and flexible. In this context, Human Factors 
carry out very important role. 
With this perspective, this thesis is oriented to get acquainted some of the different 
methods of Human Factors. Human Factor's area is very extensive, for this reason in 
the thesis are included some of the most important methods. The main objective is to 
achieve a general perspective, a practical perspective. 
According with the previous paragraph, in this thesis the most relevant variables and 
constraints are analyzed and compared. It is theoretical based; different papers, articles 
and books are the platform of the thesis. The most prestigious authors’ works are 
included. 
Hierarchical Task Analysis (HTA), Cognitive Work Analysis (CWA) and Goal, Operator, 
Method, and Selection (GOMS) are the chosen methods. There are comparisons 
between HTA and CWA, and a general comparison between different techniques of 
GOMS. At the end, there are conclusions in order to underpin the previous analyses 
and comparisons. 
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1 INTRODUCTION 

1.1 THE AIM OF THE THESIS 
The main aim is to try to bring Task Analysis closer for another style companies in order to 
become more attractive and promote them. 

An important aspect is that this thesis is going to have a different point of view in comparison of 
the existing articles and papers. The thesis is going to encompass new areas and the perspective is 
going to be more practical, given advices and recommendations. The aim will be achieved from a 
general perspective avoiding focusing in a concrete method. Therefore, sometimes also may have 
a look of a guide. 

Regarding the previous paragraph, the main goal is that the readers can easily identify the possible 
solution according the limitations that they can have. It is related with the implementation phase, 
it may help to choose the most suitable methodology depending on the specific case. 

Furthermore, it is well known that the most important measure of the human factors usually is 
the part of cost and benefits. This thesis is oriented to try to get evidences of they are 
economically beneficial but it is not enough, this thesis can be the beginning or start point of 
that. As a future work, it would be important to assess economical benefits of these methods. It 
is hard to associate human factors with cost/benefits. 

There are a great quantity of variables and derivations that make the economical analyse 
confusing and difficult. The most arduous variables to correlate with cost/benefits are the 
cognitive ones, there are not any specific measurement to quantify exactly them. These variables 
usually are related with the improvement of the worker environment. 

It is not clear how to assess worker environmental improvements economically, especially which 
are health derived. Human is very complex but there are more and more studies that they relate 
productivity increase with environmental improvements. 

In conclusion, this thesis will be the platform or the beginning of how to asses economical 
benefits derived of the application of the methods. It will be interesting as a future work 
continuing this thesis in order to asses economical benefits associated of the application of the 
methods given that TA can be used in general terms in a different kind of industry successfully. 
For that, it is going to present them deeply but from a practical point of view and giving clear 
evidences that they can be profitable or they offer especially attractive features. 

1.2 CONTENTS ADDRESSED IN THE THESIS 
The thesis is theoretical based; the main source is internet and books. Scientific papers and 
articles are the most used documents. They give newer information than book or other sources, 
the last ones depend on the publisher to publish and it takes more than internet published ones. 
This makes appealing internet based information, it is fresh and current. 

First of all, it is important to examine carefully the theory and understand everything. 
Consequently, every doubt has to be solved and it is necessary to take a critical point of view 
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about information. It cannot believe everything and also it is essential to have critical awareness 
in this point. All articles and papers are not valid. 

Once everything is understood, the following step lies on finding evidences of their usability 
focusing on key points such as advantages and disadvantages. For this point, it is of paramount 
importance to know the variables and their interactions. It is not possibly to do it without the 
first step. This sections is focused from a practical point of view, the main goal is to give a useful 
guide for the reader. 

It continues with advices and recommendations section. This section is related with the previous 
section´s inconveniences, they are oriented to solve them or to explain how to deal with them 
easily. The theoretical perspective is superseded by the practical again. It might have a guide 
looking in many cases. 

There is going to be a comparison of every methods and variations. The aim is to distinguish the 
method´s characteristics and try to choose the most suitable depending on the situation. It is the 
essence of the thesis. 

At the end, summarizing the thesis there is going to be conclusions and reasonable criticisms. 
The main idea is to gather the thesis shortly and put the finishing touches to the thesis. 

1.3 REASON FOR BEING OF THE THESIS 
Task Analysis are relatively new methods because they are closely related with computer’s 
development. They are not very used in general terms as previous mentioned. Some of the 
reasons could be because they can lead to long time application what means time consuming, it 
can be necessary to hire a specialist to carry out the analysis and sometimes it might be a resource 
intensive exercise. 

I personally believe that it is because there are not enough specialists and the knowledge is 
limited in this area. It is necessary to promote this area in order to get more investments and 
improve it. It is a similar case as very technological products; in the beginning they were created 
to use them in a very concrete situation. The cellular phone or internet are some examples of 
them, they were developed by the army and then gradually it was approached to other private 
companies and other uses. Therefore, it may happen the same with TA, they only need to be 
supported by another industry. 

In order to achieve that, this thesis may give some key points. An important key point might be 
to give this area homogeneity and unit to every existing method. Moreover, it is considered as a 
key point to approach it for another point of view closer for real interest of companies and 
avoiding going into theory in any depth. This thesis can open up new perspectives and make 
them more appealing. 

I consider TA are very interesting issue. They offer very attractive features for companies; they 
provide a wide range of practical and systematic methods for collecting data. They can help 
identifying training requirements, developing good procedures, determining the best layout for 
equipment, estimating the number of staff required for a job, estimating workload, investigating 
human error or making recommendations for improvement (Osborne, 1987). 
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These methods can evaluate the training requirements after the analysis was done. After a deep 
analysis it can get a completely clear idea of the task. Therefore, it can evaluate the knowledge 
requirements to tackle the problems and then it can be compared with the employees knowledge 
concluding if they need training. It is similar for the rest features, Task Analysis can help to better 
understanding of the processes and then it can get the aforementioned features. 
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2 CURRENT THEORETICAL BACKGROUND 

2.1 TASK ANALYSIS INDUSTRY 
Currently TA are more used in high risk level and high technological industry such as energy 
plants, aerospace, civil airplane and defense than in industries in which risk is the primary 
question. It is because they need to be very systematic and to have clear everything in order to 
avoid any probability to have an accident or incident which might entail a serious problem. 
Obviously it is not the same safe level for a “common” company for example sawmill or 
metallurgic to have an incident that it entails in the most of the cases only problems in 
economical terms than aforementioned companies. The last ones have also human safe terms 
that they are critical. They work with dangerous products such as radioactivity or explosives. 

Practitioners and researchers routinely advocate building user-centered systems which enable 
people to reach their goals, take account of natural human limitations, and generally are intuitive, 
efficient and pleasurable to use (Preece et. al, 2002). Companies need modern and effective tools 
to get everything's under control. As define in the previous section, TA provides very useful and 
effective information. 

2.2 HISTORY OF TASK ANALYSIS 
Task Analysis methods are quite recent methodology. It is associated with new labour 
organizational point of view. Tavistock Institute of Human Relations started researching the 
relation between the social and technical systems existed, the social and technical subsystems of 
an organization and how these subsystems interact (Trist et. al, 1990). Although some argue that 
the sociotechnical approach failed to fully integrate technology with user needs to improve the 
tasks being performed (Preece et al., 2002). This was the beginning of the Sociotechnical 
Approach. It is clear that in some cases organizational performance was generally enhanced 
(Crystal and Ellington, 2004). For that purpose, it was needed the using of ethnographic and 
participatory action methods. Consequently, the researchers needed a new point of view of the 
organizational area. They reconsidered the traditional point of view which considered only 
technical requirements and they started focusing on the participation of the worker in an 
organization. This change affected in another features of the company such as technology or 
team work philosophy, which were integrated rather than imposed. 

Companies which took this point of view had more variables than the companies which had 
continued with the traditional point of view. The main reason is that psychology is the most 
important of the new variables. It is very complex and it entails also more complex tasks. 
Therefore, the researchers began to look for more rigorous, systematic, and cost-effective 
analytical techniques. It was the beginning of the Human Computer Interaction (HCI) 
techniques. HCI is s the study, planning and design of the interaction between people (users) and 
computers (Card et al., 1983). As computing power expanded, HCI became more relevant 
involving inside a great area of this new perspective and ideas and task analysis took on greater 
scope and complexity. Since then TA are becoming more used and taking more relevance in the 
companies. 
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2.3 DEFINITION OF TASK ANALYSIS 
Task analysis method were developed essentially focusing in the assessment and reduction of 
human error, but currently they are used in several other ways which are explained later. There 
are a wide variety of different methods and also these methods have another techniques and 
variations. 

Task analysis is the analysis of how a task is accomplished, including a detailed description of 
both manual and mental activities, task and element durations, task frequency, task allocation, 
task complexity, environmental conditions, necessary clothing and equipment, and any other 
unique factors involved in or required for one or more people to perform a given task (Aubin et 
al., 1999). 

The term Task Analysis (TA) can be applied very broadly to encompass a wide variety of human 
factors techniques (Embrey, 2000). Most of the methods provide effective information of the 
some observable aspects of the task as indications of the structure of the task. Those are 
provided in different levels of detail. There exist differences between these methods and other 
that they are focused on the mental processes which are underpinned in an observable behaviour 
such as decision making or problem solving. The main difference is based on TA are referred to 
as action oriented approaches. However the seconds are based on as cognitive approaches. 

Different ways to process can be compared and they can differ from the prescribed way of 
performing the operation, and TA provides a means of explicitly identifying such differences 
(Embrey, 2000). Task analysis methods are especially useful to predict the problems before they 
occur. As it has been aforementioned, they can define extremely exactly all processes. Thus, the 
possible errors can be predicted and also it is possible to develop prototypes without spent a big 
amount of money at the investment (Crystal and Ellington, 2004). Furthermore, they are used as 
a helpful tool to design stage of a new system or modify an existing one. An audition might be 
another way to use it. In important incidents they provide detailed information in a retrospective 
mode which is a very important feature. 
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3 METHODOLOGY 

3.1 METHODOLOGY APPLIED AT THE THESIS 
The thesis is secondary bibliography style, what means that it is based on information from other 
publications. The information is searched in Google or Google Scholar and KTH database. 
Scientific papers and articles are the platform of the work, but also consulting companies works 
are used. 

In order to achieve the aim of the thesis a methodology or way to work is followed, it is 
explained hereafter. The Task Analysis methods chosen for analysis in this thesis are selected 
based on their popularity which is in turn assessed based on the number of hits of a Google 
search. To be the most popular means that may be the most used one or that there is going to be 
more sources to find data. It is easier at first to examine the most popular ones because it is easier 
to find useful information. 

Once interesting paper or article is found, the most interesting references are considered and read 
in order to have more information related with the previous one. 

There are few specific researchers for each method. Therefore, the systematic methodology is to 
find their papers and articles. Each method is backed by few researchers, usually they are the 
creators. Thus, it is sure that there is first hand information. 

First of all, it is necessary to understand and to have a general idea of each method. It means that 
it is necessary to know the method but leaving out of the details. Because of that, the first step is 
to search general information in order to know the key points of the method. After the general 
idea is perfectly understood, it starts the following step which is to find more in detail data. 

In this point, all relevant variables are identified and then it has to find data about these variables. 
When the data is enough, I start writing. Writing and looking for more data are mixed in many 
times. 

The most arduous and laborious part is to find economical evidences. This is made after the 
writing is almost done. However, not always evidences are found. 

Finally, personal comments and additions are included to the writing in order to enrich it and 
achieve the main aim. 

3.2 RESEARCH AND GENERAL DIRECTION OF THE RESEARCH 
There is not a big amount of practical information given that it is intrinsic feature of the industry. 
Aforementioned industries (Defense, nuclear plants and so on) cannot offer open information 
about their procedures for safety reasons. The processes and information are restricted; therefore 
it is not easy to find technical data of that. 

Nevertheless, there is a great amount of data oriented to explain and give a general idea of the 
methods. Mostly they inform about the main line and not very in deep. 
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Most of the task analysis researchers are focused on searching more variations or ways of the 
different methods. There are several articles and paper related with this. Most of the information 
is oriented to add and improve the actual methods. Moreover, they are oriented to explain their 
own methods and corresponding programming sentences and so on. 

Another important aspect is that there are groups of few researchers only specialized in each 
method. For example, David Kieras is a well known researcher of GOMS methodology, but he is 
only specialized in this method. He has not covered other methods. It makes difficult to promote 
the Task Analysis for another kind of companies and also enrich it. Since they do not work 
together, it causes to be more burdensome to get improvements and develop better methods. In 
conclusion, if they would work together they might provide improvements and make them more 
attractive for companies. It might be an impetus for Task Analysis. 
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4 DESCRIPTION OF THE TASK ANALYSIS METHODS 

4.1 Hierarchical Task Analysis method (HTA) 
It is the most popular method. Originally developed in response to the need greater 
understanding of cognitive tasks (Annett, 2000). The main line is based on a hierarchical structure 
of the actions. It is an organization of the operations schematically drawn taking a tree shape. An 
operation may be broken down into suboperations, these suboperations in other and so on. It 
uses to examine potential errors and their consequences, the interface design verification, 
identification of training procedures, development and verification of operating procedures, 
workload assessment and communication analysis. 

For this method there are several relevant variables such as application time, knowledge 
requirements, complexity of the tasks, data collection ways and analysts description. These 
variables are problematic in the most of the cases. These variables make the method burdensome 
and sometimes unusable. There are tasks that they are very complex and it is very laborious to get 
an acceptable HTA. A complex task requires more knowledge of the task and better 
understanding than a simple one. 

The following example (very simple one) might give a better idea to understand it: 

 

As a general perspective the following figure can show the general procedure (Annet, 2000): 
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There are more operations and suboperations doing the method longer and arduous. A complex 
task requires a very thorough and exhaustive analysis what entails a long application time and 
high knowledge requirements. It needs analyst who knows how can obtain information and can 
work with a really important amount of information. 
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This person has to make interviews, questionnaires and observations. A complex task needs to 
make the aforementioned procedures properly, it means that analyst must be competent, 
something that depending on the task is not easy. The experience and extensive wisdom in this 
area provide the analysts the platform with which they can work and solve the problems related 
with the complexity. The application time and knowledge requirements are strongly related with 
task complexity, they are directly proportional of the last one. 

The workload in these cases is very heavy and costly in terms of economics and also in terms of 
stress and fatigue (Stanton and Hummer, 1999). It is usual in this kind of projects to have a 
stipulated period of time to finish it that it entails pressure and stress. For this reason, it is 
important to take enough time in order to reach to a good analysis. Interviews, questionnaires 
and observations have to be done carefully, taking notes and being enough concentrated. It is 
essential for avoid future problems and succeed. 

Moreover, the reliability of the method may be questionable in some instances (Jonassen et.al, 
1989), different analysts may produce very different task descriptions. It is related with data 
collection phase, this phase requires making interviews, questionnaires and observations as earlier 
mentioned. Consequently, the analyst must be competent, however, it is not enough and this data 
collection can makes in different ways with dissimilar perspective providing different results and 
conclusions. 

To better understanding, for the same task, two analysts may reach to different conclusions. For 
example, the first one may focuses in some operations and suboperations doing a deeper analysis 
of them and giving those more relevance than others. The second analyst may be focus in other 
operations and suboperations doing the same but for different variables. Furthermore, it may 
happen also that the first one may make more interviews and to different persons than the 
second one, because that person prefers or believes that way is better. In the other hand, the 
second one makes more observations. The results of the analysis at the end may be completely 
different for the same task. Therefore, the most complicated phase is the data collecting phase. 

In order to avoid these kinds of problems it is strongly advisable to get an experienced person, 
especially if the task is complex. The main reason is focused on that this person is used to strive 
to be very systematic in the analysis, which is very important for succeed. Good communication 
skills, good observant and outstanding analytical skills are some of the qualities to be a competent 
analyst. Good communication skills are very valued during the interview, it is easier to get useful 
information and also the interviewee feels more comfortable. It has to be accounted that 
employees prone to avoid interviews because they think that it may entail a trouble or more work 
(Patrick et. al, 2000). It is fundamental to explain the goal of the interview to the interviewee in 
order to understand the main reason and why it is important. Moreover, it is not the best choice 
blaming employees even they are doing something wrong and the analyst realizes of that 
(Watkins, 2007). The best choice is to wait for analysis is finished in order to obviate disturb the 
process. 

For these reasons, it is recommendable to achieve a good atmosphere in the company before 
hand. With this, it can obtain better attitude for employees making the procedure pleasing for 
everybody. 
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Therefore, HTA is very useful and helpful tool which it can be used in almost every circumstance 
(Kirwan and Ainsworth, 1992), but it might lose these advantages when it is complex becoming 
laborious and burdensome. For these cases, it is recommendable to look for another methods 
because someone might adapt better to the task. 

4.2 COGNITIVE WORK ANALYSIS (CWA) 
CWA was originally developed at the Risø National Laboratory in Denmark (Rasmussen, 1986). 
It was developed to use it in nuclear power process control applications. Underlying the approach 
was a specific need to design for new or unexpected situations; in a study of industrial accidents 
and incidents, Risø researchers found that most accidents began with non-routine operations 
(Salmon et. al, 2010). CWA’s theoretical roots lie in general and adaptive control system theory 
and also Gibson’s ecological psychology theory (Fidel and Peijtersen, 2005). The approach itself 
is concerned with constraints rather than goals, which is based on the notion that making 
constraints explicit in an interface can potentially enhance human performance (Hajdukiewicz 
and Vicente,2004). 

The CWA framework is currently receiving great attention (Bisantz and Burns, 2008). The most 
attractive features are flexibility and the varying perspectives on complex systems that it can 
provide. The variables which affect the system and its activities can be reduce to simple questions 
such as what, where, who, how and why. These questions are related with the method, they are 
the base of the CWA work. It is also appealing as it is the first real human factors design method 
and rather than merely analyse or describe a system or behaviour, the approach ostensibly can 
make telling contributions to system design, as evidenced by a range of successful design 
applications (Bisantz et al., 2003). 

Its current popularity is such that it has been applied in various complex domains for a number 
of different purposes, including system modelling, system design, automation, training needs 
analysis, training programme evaluation and design, interface design and evaluation, information 
requirements specification, tender evaluation, team design, allocation of functions, the 
development of human performance measures and error management strategy design. These 
applications have taken place in a variety of complex safety critical domains, including air traffic 
control, aviation, health care, hydro power, nuclear power, naval, manufacturing, military 
command and control, petrochemical, process control, rail and road transport (Salmon et. al, 
2010). 

In order to understand it better, there is the following example (Salmon et. al, 2010) 
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CWA framework has five phases which determine the different constraints needed: work domain 
analysis (WDA), control task analysis (CTA), strategies analysis, social organisation and 
cooperation analysis (SOCA) and worker competencies analysis. 

In the next diagram it is explained the general features of each phase (Moira et.al, 1999): 

 

In the following lines there is going to be an explanation of aforementioned phases: 
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4.2.1 Work Domain Analysis (WDA) 
This phase entails modelling the system based on its purposes and limitations imposed by the 
environment. WDA identifies a fundamental set of constraints that are imposed on the actions of 
any actor. This formative approach leads to an event, actor and time independent description of 
the system (Vicente, 1999-a). 

Cognitive work analysis phases along with their associated methods and outputs (Salmon et. al, 
2010): 

 

4.2.2 Control Task Analysis (CTA) 
It is used to determine the tasks which are undertaken within the system. Moreover, it is used to 
determine the limitations imposed in different activities in wide range of situation. CTA focuses 
on the activity necessary to achieve the purposes, priorities and values and functions of a work 
domain (Naikar et al., 2006). Contextual activity template is used for the CTA phase. 

4.2.3 Strategies Analysis 
This phase is used to determine how the different activities can be achieved. Whereas the CTA 
phase provides a product description of what needs to be done, strategies analysis provides a 
process description of how it can be done (Vicente, 1999a). The strategies analysis phase fills the 
‘black-box’ that is left by the CTA phase (Jenkins et al., 2008-a). This phase entails the 
identification of the strategies that employees can work with when performing control tasks. Of 
the five phases of CWA, this phase is arguably the closest to HTA, since it offers a description of 
the different strategies that could be used to achieve different functions (similar to the goal 
decomposition and plans component of HTA) (Salmon et. al, 2010). 

4.2.4 Social Organization and Cooperation Analysis (SOCA) 
The fourth phase, SOCA, is used to identify how the activity and the associated strategies 
required can be distributed amongst human operators and technological artefacts within the 
system in question and also how these agents could communicate and cooperate. The objective 
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of this phase is to determine how social and technical factors can work together in a way that 
enhances system performance (Vicente, 1999a) 

4.2.5 Worker Competencies Analysis 
The worker competencies analysis, attempts to identify the competencies that an ideal worker 
should exhibit. This phase is the point where CWA finally addresses the strengths and 
weaknesses of the human operator in relation to the systems design (Vicente, 1999a). 

4.3 METHODOLOGICAL COMPARISON OF HTA AND CWA 
Methodologically, the two approaches differ. HTA has a well-versed, step-by-step methodology 
(Annett, 2004). Whereas CWA, more a framework than a methodology, does not restrict analysts 
to specific methodologies for each phase, let alone a rigid procedure. Of the various methods 
available for each of the five phases, those used for the WDA phase has the most methodological 
guidance associated with them (Naikar et. al, 2005). 

There are similarities in the methodological procedures followed when conducting analyses with 
both approaches (Salmon et. al, 2010). Both methods use the same sources for collecting required 
data: observation, questionnaires, interviews with SMEs, walkthroughs, user trials and 
documentation review. This is useful since it often allows both methods to be applied to the 
same data, which saves considerable time but produces a comprehensive output (Salmon et.al, 
2010). Moreover, both methods require a high degree of reiteration in order to achieve 
reasonable results and have sufficiently level of satisfaction. Both also have very visual outputs 
and drawing software is needed in many cases to create outputs developed. 

There are also similarities in the flaws related with both methods. Both are criticised for the high 
level of resource usage incurred when applied to complex tasks or systems (although many, 
including these authors, would argue that the utility of the outputs generated from both methods 
far outweighs the cost associated with constructing it) and concerns are often raised regarding the 
reliability and validity of both methods (Salmon et. al, 2010). In response to the high resource 
usage problem, both approaches have been subject to the development of software tool support 
(Jenkins et. al, 2008-a). 

The most important difference between two methods lies in the methodological extensions 
applied. As referred to above, a range of methods can be applied to HTA outputs; once the sub-
goal hierarchy is completed, there are a number of additional human factors methods that can be 
applied in order to extend the analysis outputs further (Salmon et al., 2009). 

CWA outputs currently do not act as the input to additional human factors analyses, although 
work is in progress investigating possible extensions to the framework (Jenkins et. al, 2008-a). It 
can be avoided slightly given that CWA directly informs design and it does not require additional 
methods, but it is not the best choice in complex situations (Lintern, 2009). 

4.4 COMPARISONS BASED ON APPLICATIONS OF HTA AND 
CWA 
There is a comparison (Vicente, 1999-b) between WDA and Sub-Goal Template (SGT) method 
which is a based on HTA approach. The comparison is oriented to identify the requirements for 
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interface design. In discussing their relative advantages and disadvantages, Vicente suggested that 
whilst task analysis approaches are more efficient and require less mental economy, WDA is 
more flexible, has a broader scope of application and has a greater ability to inform the recovery 
from errors. Vicente’s argument seems to centre on the notion that WDA can cope with 
unanticipated events, whereas HTA cannot; it identifies what needs to be done and how it should 
be done, but not how it could be done in unforeseen circumstances (Salmon et. al, 2010; 
Vicente,1999-b). 

There is a comparison (Miller and Vicente, 2001) between WDA phase (the first phase of CWA, 
Work Domain Analysis) and HTA when used to identify display requirements for the DURESS 
II feed water domain .The resultant requirements generated suggested that both offer unique 
contributions; the display requirements produced by the two approaches were substantially 
different but also complementary. (Miller and Vicente, 2001). They found the advantages of each 
method over the other. WDA phase provides explicit knowledge regarding the affordances 
(constraints and capabilities for behaviour) of the domain, more readily identifies information 
requirements and is independent of the context in which the system is used, whereas HTA 
provides procedural knowledge, is more human-centred in that it focuses on what operators need 
to do, more readily identifies when, how and with what priority information will be required and 
is less independent of the context of use (Miller and Vicente, 2001). Although providing different 
perspectives, both approaches produce complementary information about the interaction that 
users of a system will have. Further, they noted that the ADS approach, wherever possible, 
should precede the HTA approach (Salmon et. al, 2010; Miller and Vicente, 2001). 

Based on a case study using the two approaches to analyse the DURESS thermal hydraulic 
process control microworld, they explain the relationship between the two as a series of 
transformations from a complete WDA to a specification of a set of actions and work domain 
states (HTA). WDA presents a model of the complete work domain structure and that moving 
from this to a relevant work domain structure, which shows all action possibilities for a particular 
category of events, represents the first step away from WDA and toward task analysis 
(Hajdukiewicz and Vicente, 2004). The transformation from a utilised work domain structure to a 
desired work domain state represents the final step toward task analysis, which maps current 
states onto desired states via a set of human or automated actions (Salmon et. al 2010). In WDA 
event and time are independents, which supports worker adaptation to novelty and change, and 
task analysis as event and time dependent, which supports worker performance in anticipated 
situations (Hajdukiewicz and Vicente, 2004). 

It is remarkable that in those analysis they only take account the first phase of the WCA 
framework which corresponds to WDA. Therefore, they compare only the first phase with HTA. 
This is due partly to the fact that there has been only limited application of the latter phases of 
CWA (published in the open literature at least) and that there is only limited guidance on how to 
conduct the latter phases (Salmon et. al, 2010). There are guidances also of how deal with these 
analysis but they are very recent and there is not enough data yet (Naikar et al., 2006; Jenkins et 
al. 2008a; Salmon et. al, 2010). 
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4.5 GOALS, OPERATORS, METHODS, AND SELECTION RULES 
(GOMS) 
GOMS reduces a user's interaction with a computer to actions. These actions can be physical, 
cognitive or perceptual. It is used to evaluate the user’s goals and methods, and also to valuate 
human performance measures specially execution time. In addition, GOMS is a method that can 
be used to predict task performance well enough that a GOMS model can be used as a substitute 
of the empirical user testing needed to arrive at a system design that is both functional and usable 
(Kieras, 1998). Basically is similar to HTA, the main goal is broken down in other sub-goals and 
they have ingrained operations which have to be executed to achieve the main goal. 

Usually it is an iterative process in which many factors affect such as experience, human mind 
and so on. For this reason, it is necessary to have an appropriate selection rule. The selection rule 
consists in a decision making; the iterative process has to be decided when it stops in order to 
reach an enough good result. Enough good result means that it is approximately exactly what it is 
looking for and it is relatively logical or reachable in the sense of workload. It is common to tend 
to  search the result that is very accurate but it entails long periods of time. Accordingly, it is the 
responsibility of the designer to create or decide which the best selection rule is according these 
variables. 

There are different techniques in the application of this method: Keystroke-Level Model 
(KLMGOMS), Natural GOMS Language (NGOMSL), Cognitive Perceptual Model (CPM-
GOMS) and Card, Moran and Newell (CMN-GOMS) 

In order to understand GOMS better, there is an example of KLM technique which is the easiest 
one: 
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4.5.1 KLM GOMS 
KLM-GOMS is based on CMN-GOMS developed by Card, Moran, and Newell. It is the 
simplest method in which task execution time is foretold by the total of the times for the 
elementary keystroke-level actions used in order to achieve the goal. KLM-GOMS is usually 
applied in situations that require minimal amounts of work and interaction with a computer 
interface or software design (Kieras et. al, 1999).The time is proportional of the number of task, 
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more tasks entail more calculation and more steps that mean longer time. Time increases quickly 
in the case of a complex task. Thus, KLM-GOMS is best suited to evaluate and time specific 
tasks that require, on average, less than 5 minutes to complete (Card et. al, 1983). 

All the operations are modeled as a small amount of operations. Each operation has assigned an 
estimated time of the duration would be taken for the user. Thus the overall time is estimated 
regarding the sum of the average each operation time. 

There are 11 steps which describe the procedure. This procedure was developed by Kieras and 
Olson-Olson it is uses to calculate the hypothetical time of a sequence of tasks focusing in a 
computer interface and hardware: 

• Obtain a working prototype of computer interface or a step by step operational 
description of a task. 

• Identify the goals or the desired outcome of work. 
• For each of these goals, find subgoals or tasks that achieve the main goals. 
• Identify methods to main goals and all subgoals. 
• Convert description of methods to pseudo-code (the terminology that is described 

above). 
• State any and all assumptions used in the making of pseudo-code and goals. 
• Determine appropriate mental or keystroke operators for each step. 
• Assign time values to mental or keystroke operators. 
• Add up execution times for operators. 
• Adjust total time of task to be sensitive by age of expected. 
• Verify validity of results. 

4.5.2 NGOMSL 
NGOMSL technique was developed by David Kieras in 1988. Kieras' result was the development 
of high level (natural language) syntax for GOMS representation with directions for doing a 
GOMS evaluation. The general method is structured to as a top down, breadth first expansion. 
The user's high level goals are unfolded until only operators remain. Generally operators are 
considered to be keystroke level operations but this is not a rigid requirement (Kieras and Meyer, 
2000). 

It is able to make estimations for execution times but it can also predict the time taken to learn 
how to use the system which is an addition in comparison of the previous technique. The 
syntactic is not as burden as the other techniques syntactic and that is also easier to read instead 
of cryptic and abbreviated, that is the case of others. 

4.5.3 CPM-GOMS 
CPM-GOMS was developed by Bonnie John in 1988. In contrast to the other variation, the 
user´s interaction is not a sequential process and hence can model multitasking behavior in the 
case of experienced users. Moreover, it is based on the model human processor which is it a 
simplified model of human responses. It is the most complex technique one. 
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The beginning of the CPM analysis being does in the same way as CMN until the tasks are 
broken down. In this point, when they are still in the perceptual or motor level, the evaluator 
techniques are applied taking the model of human processor. First of all, all tasks are analyzed 
sequentially checking which can be work at the same time or parallel. 

It gives the flexibility because it allows the overlap of the tasks. 

4.5.4 CMN 
CMN facilities the representation and makes everything faster. Consequently, CPM might be 
considered a fast method since it cannot use as much time as others preparing for the action; the 
main reason is the aforementioned parallelism reason. The most arduous part is related with 
discrepancies between evaluators. Currently, there are researches focused into obviate the 
evaluators though it is required high level of comprehension and knowledge of the theory. 

4.6 GENERAL FEATURES OF GOMS 
The effort required to learn and use GOMS is proportional to the specific design features and 
evaluation questions. There is a start-up cost commensurate with the complexity of the system 
being modelled, but once the first models for a design or evaluation problem are built, answers to 
subsequent questions require much less effort (Kieras, 1996). Moreover, a subset of the interface 
can be isolated in order to make a deep scan instead of analyze an entire system interface. It is an 
easy way to reach a good quality results with quite modest modelling efforts. Therefore, the 
amount of the investment is closely related with how many design issues and iterations they 
system has to deal with. 

4.6.1 General Issues about the Time to Learn and Use GOMS 
To use a method in design involves cost of learning and time consuming which means effort to 
develop and apply it, this is the same general framework for each method. However, there are a 
large amount of details and description associated to the method, given that historically GOMS 
are viewed as extremely time and labor intensive, as a sort of design techniques to be used only 
when cost is not object. This impression has been so pervasive and misleading that it requires 
some discussion to correct (Landauer, 1995). 

The experience of some HCI instructors at several universities and some university teachers 
provide the information which shows the reality of GOMS. This information shows that to learn 
KLM technique it is necessary a single class session with a few homework assignments for 
undergraduates students. Thus, they are able to construct models that produce execution time 
predictions accurate enough for design decisions (Nielsen, 1993). 

A single class session seems to suffice for CMN-GOMS as well, if the student already has the 
basic skill of task decomposition and so can develop goal hierarchies for tasks. Both NGOMSL 
and CPM-GOMS are harder to learn and to use, but for different reasons. The difficulty in using 
NGOMSL models is in working out complete and accurate methods, with deliberate goal and 
working memory manipulation, and a higher degree of formality and precision than CMN. 

NGOMSL can be taught in a few undergraduate class sessions based on Kieras’ “how-to” 
description and a couple of homework assignments with feedback. Full-day tutorials, such as at 
the CHI conferences and in industrial short courses, appear to be adequate to get software 
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developersstarted in the technique. Also, an NGOMSL interpreter is under development which 
should facilitate precise model building Using GOMS for User Interface Design and Evaluation 
(Kieras, 1996). 

CPM is more complex and difficult to use than KLM. This is because the analyst must define and 
describe cognitive, perceptual and motor processing in deep and those activities must be 
coordinated in time. There are built series of PERT (Program Evaluation and Review Technique) 
for several situations such as perceiving visual information, typing, holding a conversation and so 
on. Those can be used for GOMS making the learning time easier and shorter. Considering this 
point, a few undergraduate class sessions are enough to allow students to manipulate existing 
CPM models easily and correctly and give them a good start toward building their own models 
from scratch (Clark, 2005). In fact, there have been numerous applications of GOMS in the real 
world, many by people who attended only a tutorial or read about the technique in the how to 
references (Kieras, 1996). 

4.6.2 Profiling: A Means to Focus Design Effort 
GOMS can answer to the most critical question in the design which can be summarized as where 
the design effort has to be focused, in which features or points of the process. They can define 
which part or portion of the interaction is wasting more amount of time. To determine this, they 
are based on the overall execution times of human and computer system. This is the most used 
way of GOMS in general terms but there are more application for them which are not mentioned 
since the amount is too big. According with this, they can describe every user’s movement or 
action, keystroke by keystroke or also eye movement by eye movement. This ability is essential to 
identify which procedures or action are contributing to spend more time and afterwards decide 
where the effort has to be focused in a rational manner. 

This entails that the pay-off can be substantial because the analysis can be done early in the 
design process, at little cost compared to building prototypes that respond in real-time and 
empirical testing, and thus can prevent resources from being poured into design efforts that have 
relatively little value (Kieras, 1996). 

4.6.3 Comparing Alternative Designs 
Running systems are not required in GOMS analyses which are interesting characteristic. They 
can predict beforehand the results, something that is very useful in the early stage of the design. 
Therefore, it is easier and also the required investment is less because the conclusions can be 
obtained before the ideas are implemented or prototyped. In the other hand, they can be 
evaluated without even they are not installed in a organization and it is possible to find 
alternatives for those existing systems. 

The easiest way to make a comparison is using the summative predictions. It means that different 
systems are compared each other and then the results are obtained. For example, system A takes 
half time than system B and so on. Thus, it is relatively easy to compare the procedures of the 
system discovering advantages and disadvantages of each. 

The kind of information required gives the effort need to make a comparison between different 
alternatives and techniques. In this information can be included the following points: The 
functionality covered by the system, expert execution time for long term use or the turnover of 
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personnel associated with the training time, among other points. Besides, these models that their 
functionality might be to make a comparison, also they can be overlapped with other models 
which were created for other purposes. 

As an example, if the design process defines the design effort, also can be used it as a platform to 
get the most suitable solution based on a comparison between the alternative solutions. 

In the other hand, there is another essential requirement. It entails to take the decision of how 
many alternatives they should be and how similar they should be each other in order to determine 
the effort requirements in this sense. The first model is the most burdensome and costly one, 
once it has been done the following models are easier to be developed. This is because they need 
only small modifications of the first one which is used to as a base model. Thus, after the first 
model the evaluation of the features of followings could be evaluated literally in minutes (John et. 
al, 2002). In conclusion, the initial effort can be amortized easily when the amount of alternatives 
increases. 

4.6.4 Sensitivity and Parametric Analyses 
In many design situations, the value of design ideas depends on assumptions about characteristics 
of the task domain or the users of the system (Gong and Kieras, 1994). After an analysis, it is 
necessary to make a sensitivity analysis. It entails how sensitive the prediction is according to the 
assumptions. In addition, it is necessary to make a parametric analysis to determine how the 
results can be changed if some parameter are varied. These analyses can guide identifying the 
most sensitive issues and also being sure that the most valuable data and resources are obtained 
just in the correct period of time. The endeavour of the designing process is usually minimal for 
KLM technique which addresses less assumptions and parameters being it more amenable to be 
simple. This changes when the technique is CPM or NGOMSL they are more awkward, since 
they are more complex. However, since these analyses typically vary only a few assumptions or 
parameters, they usually require only baseline models for a set of benchmark tasks and minimal 
manipulation of those models to discover the desired relationships (Kieras, 1996). Concluding, 
once the first model is constructed, it is inexpensive and fast to check it making these analysis 
and they are very useful to define the effects of different parameters. 

4.6.5 Documentation and On-Line Help Systems 
This point is perfectly addressed by GOMS, given that online system may be designed by GOMS. 
The main goal of this kind of system is to help the users to achieve their goals. Usually, they 
know the goals that they have to accomplish, but they do not know how to do that and they are 
not able to achieve them experimenting with the system. Nevertheless, this kind of information is 
not very used in the case of commercial online help tools; users prefer other ways to solve their 
problems. Online help usually provides poor or unclear information which is in the most of the 
cases incomprehensible for the users. Thus, it is not commonly used by the users and its use is 
particularly focused only in a few details. 

In the other hand, GOMS can be played a significant role in this area. They can design methods 
from a different point of view closer to the user. GOMS can focus in another approach this area. 
This method work in another way, the list of users goals is the platform of the document 
organization. It is constructed using entries for the index and a table of contents. 
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Experiment made by Elekerton shows that this approach works extremely well, with results 
much better than typical commercial documentation and help (Daihwan et.al, 1999). 
Summarizing, GOMS can provide theory based, systematic and empirically validated designs in 
order to obtain a handy online system which is essentially focused on the user´s goals. 

4.7 COMPARISON BETWEEN DIFFERENT TECHNIQUES OF 
GOMS 
The main design question is that every method provides useful and functional information in 
order to achieve the user’s goal in different ways or approaches. One of the GOMS limitations is 
addressed on that it cannot define the goal; the user has to do it and bring the system the goal or 
range of goals. After this point is defined, every method may offer different kind of results. 
GOMS goes beyond other methods of analyzing functionality by looking at the procedures to 
accomplish the function (Kieras, 1996). Regarding this, in Object-Action analysis are only 
included nouns and verbs such as “move-file” or “remove-file” which is an example of 
procedures. This is usually the early step of designs. It is especially important to choose the most 
suitable method in order to manage a reasonably results with simple and fast procedure. 

Error free performance is considered by the specialists as a big inconvenience when a GOMS is 
applied and it is considered that it loses the quality of the results. That is, sometimes the user may 
be novices or casual users what it entails that errors are more common and time consuming 
increases. This is partially true but not at all. Note that even empirical measurements are 
questionable if he user makes many errors; this evaluation problem is not only for GOMS 
(Kieras, 1996). Moreover, usually users are well practiced in fact because execution speed is 
critical. Experts who perform highly skilled cannot waste time on a slow and clumsy interface, 
GOMS can help do so. Furthermore, system is developed to predict the optimal time of 
execution, thus even the users make errors the comparison can provide useful information. Even, 
there are several methodologies to make the prediction slower in order to adjust better to the real 
time. In conclusion, the comparison may be helpful even the errors can inflates the real execution 
time and it is an important point to choose the most suitable technique. 

4.7.1 Operator Sequence 
CMN-GOMS and NGOMSL can predict the sequence of overt physical operators a user will 
perform to accomplish a task, in the case of KLM and CPM-GOMS, the analyst must supply the 
sequence of operators (Kieras, 1996). According with this, the methods and selection rules define 
the steps in order to accomplish the goals. These steps can be defined as commands a user will 
enter, the menu items will be selected and so forth. The aforementioned can be used to add a 
new method to a system or to predict the train associated with the method. 

4.7.2 Execution Time 
Several techniques may provide the execution time prediction being practically and without 
making critical errors. These techniques can obtain a precise estimation of primitive operators 
such as point and click, typing commands and so on involved at the operation. Even visual-
search tasks can be modeled with GOMS, allowing different screen layouts to be evaluated 
(Barnard and May, 2000). In conclusion, empirical validation can be avoided using well 
constructed methods. 
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Since sequential tasks have been the most studied in GOMS research, there are multiple 
techniques for predicting execution time in sequential tasks. The choice of technique depends 
primarily on whether the methods need to be explicitly represented for other purposes. If not, 
the KLM is by far the easiest technique. If explicit methods are needed for other reasons, e.g., to 
evaluate learning time or to design documentation (discussed below), then CMN-GOMS or 
NGOMSL models will provide both execution Using GOMS for User Interface Design and 
Evaluation time and this other information. CPM-GOMS is the technique for making execution 
time predictions in truly parallel task situations. 

Execution time in sequential task is predicted by several techniques since they are the most 
studied kind of task and have more researches. The main reason to choose the most suitable 
technique is focused on if it is necessary to represent it for other purposes. If it is not necessary 
KLM may be the most suitable one given that it is the easiest and fastest one. For explicit 
methods it is more advisable to choose CMN or NGOMSL since they can provide User Interface 
Design and Evaluation time and this other information. In the other hand, CPM is used to 
predict completely parallel tasks. 

The number of benchmark of tasks is critically associated with execution time and operator 
sequence prediction making it the main reason of concern. If so, then the predictions of operator 
sequence and execution time can be obtained by hand-simulation of the models, or simply by 
manually listing the operators, as for the KLM (Kieras, 1996). In the other hand, if there are large 
task it is more advisable to choose NGOMSL for creating machine-executable. This is because 
NGOMSL can be done in a variety of ways in almost any programming language what means 
that in the future becomes simpler. 

4.7.3 Learning Time 
NGOMSL can provide necessary information about learning time and in this information is 
included the time regarding to learn the GOMS methods and any LTM information they require. 
The information provided by NGOMSL has been validated in many different situations 
concluding with more than reasonable results. However, making absolute predictions of learning 
time involves many issues and complications; the simplest advice for practical situations is to 
limit the use of NGOMSL learning time predictions to relative comparisons of alternative 
designs (Kieras, 1996) 

The experts have to take care about two important parameters when the predictions are being 
applying, they define the procedure. The first one, the time related with the learning of the 
interface procedures which may be negligible in comparison of the knowledge that the users have 
to acquire to become an expert in this area. This means that the analysts have to learn a big 
amount of issues and the learning of the interface is essential for that so this is not a long time in 
comparison of the learning time related with these issues. 

In these issues are many different kind of operation involved, such as learning word, icons in the 
interface or constructing a mental model of the system. The limitation of GOMS is based on 
GOMS cannot represent the knowledge and mechanism of substantial learning of the knowledge 
domain.  
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The second one, the predicted procedure learning time could be quite misleading for “walk-up-
anduse” systems or other “self-evident” systems for which little or no explicit training is 
supposed to be required (Bonnie, 1996). According with this, a very low learning time is 
predicted when there are single steps involved at the method. It means that for example it is not 
needed a high learning time for typing an unlabeled control key, but the use may have difficulties 
during the learning of the correct keystroke. To make the point clear, an example of this problem 
can be found in an experiment that made by Karat. He observed experienced analysts who were 
used to work with a specific word processor were stymied during the learning time because they 
were using a new word processor and they were not familiarized with the platform and how to 
scroll the screen. 

4.7.4 Error Recovery Support 
The design is directed to three different goals: Preventing users from making errors, predicting or 
anticipating when and what errors are likely to occur given a system design and designing the 
system to help the user recover from errors once they have occurred (Bonnie, 1996). There is not 
any engineering tool sufficiently good for predict errors, when, how or why they may be 
occurred. Despite the obvious importance of the first two goals, at this time research on human 
errors is still far from providing more than the familiar rough guidelines concerning the 
prevention of user error (Kieras et.al, 2010). 

CMN GOMS is a useful tool to the third design goal listed above: that one that corresponds to 
helping users recover from an error once it has occurred. For this, the most important features is 
to provide a good method for the user in order to the user follow in recovering from the error. 
Consequently, it is necessary for this method to fulfill with some conditions such as to be fast, 
simple, consistent and ubiquitous. GOMS model can be used to solve this question. To that end, 
it is necessary to choose the most suitable and specific model according to the specific problem. 
Thus, once the possible frequent or important errors are determined, evaluating designs for the 
quality of support for error recovery can be done with extant GOMS family members (Bonnie, 
1996). 

4.7.5 Informal Understanding of a Design 
A model can have purely heuristic value, since it makes explicit what the system requires the user 
to do (Bonnie et. al, 2004). Accordingly, the user has to decide the best way to construct the 
model and the interface of the design which has more and more aware with these issues. It is an 
important point because there are common design errors related with focus on non procedural 
issues such as screen layout or graphic design. A bad design can make it burdensome and clumsy 
to use it by the user. Thus, any exercise that requires the designer to think carefully about the 
procedures entailed by the design can help in a purely intuitive way to identify usability problems 
and clarify the nature of the user’s task (Bonnie, 1996). 

4.7.6 Information Not Provided by GOMS 
Another kind of information is not addressed by GOMS. There is not any technique sufficiently 
powerful. Other aspects of the user’s knowledge of the system may be important to some design 
situations, like being able to perform mental simulations of an internalized device model or 
analogical reasoning to infer operating procedures (Molina et.al, 2004). Other existing and 
potential approaches have to be considered in this area. Some examples of these might be 
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associated with human factors, such as readability of letters and words on the screen, visual 
quality of a display layout, recognizability of menu terms or icons, and memorability of command 
words or the quality of the work environment, user acceptance and their effects. In addition, the 
social or organizational impact of the system and the resulting influence on productivity can be 
included with others. Since these types of design issues are generally independent of the 
procedural quality of the interface, designers must use other techniques besides GOMS to 
explore their effect (Bonnie, 1996). 
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5 CONCLUSIONS 

5.1 GENERAL COMMENTS OF HTA 
In the following paragraphs there is going to be a general conclusion of some key-points and 
parameters of Hierarchical Task Analysis. Therefore, an advantages and disadvantages are shown 
as a strength and weakness of the method. The goal of this section is to complete and underpin 
the previous analysis. 

At first, mention that HTA is a very general method. It means that it can be used in almost all 
situations. Thus, it is a very extensive method. In a simple situations it can be very useful and easy 
to apply it, for those situations, it is very advisable. A particular benefit of using HTA as the 
starting point is that it tends to provide an exhaustive and rigorous description of a task’s 
structure, which can serve as a platform for applying other methods (Santoro and Kieras, 2001). 
Easily it is possible to apply it and get very useful information which after can be used in several 
ways such as to improvements in the production or get better quality products. It is particularly 
useful as a general task analysis method because it provides a flexible, exhaustive and systematic 
means of identifying the behaviours that occur during a task (Patrick, 1992). 

Accordingly, it may be the beginning of improvements or other implementations in the process. 
This is a very important point for companies, they have to improve every day in order to be 
competitive and for this it may be a helpful tool. A given error can be produced by more than 
one of the internal mechanisms represented by the level of performance. This limits its usefulness 
for human reliability analysis, although it appears to be of use to human factors researchers and 
designers (Militello and Hutton, 2000). This is the reason why it is important to know exactly all 
parameters involve at the process and their interaction. HTA can be used systematically at the 
company given a wide range of possibilities (Putkonen and Hyrkkänen, 2007). In conclusion, it 
can be a powerful tool for companies in order to become more competitive. 

Furthermore, it can be used to audit the company and with this avoid to contract consulting 
groups which may be a way to save a big amount of money. The results are obtained and then the 
specific responsible can make an analysis saving money. HTA can make an error analysis in order 
to perform and generate empirical data such as error audit as well as consulting groups (Ormerod 
and Shepherd, 2004). Hence, external operations can be avoided and internally solve and fix 
possible difficulties or poor working conditions. 

As alluded in the previous paragraph, those actions can be allow to the company to management 
changes. It allows to identify and eliminate possible waste time operations which can entail and 
carry fewer operations and to have more flexibility (Stanton, 2004).  

In the other hand, it becomes useless when it is applied in complex situations or processes. It is 
better to choose other methods instead of HTA because it is burdensome and also it can be 
expensive. Indeed, given the complexity of performing HTA together with the domain task 
knowledge required by the analyst, it is difficult to envisage how substantive support can be 
developed for the analyst which is an obstacle in the implementation of HTA (Patrick et. al, 
2000). 
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Moreover, it might be very expensive in very changeable processes. A specific analysis is required 
for each process which entails a big amount of analysis and it is costly in economical terms but 
also in workload terms. This is because they appear to have utility as a process for enquiry about 
a task, but they lose their utility in the assignment of the task to specific categories when they are 
very changeable (Denham et. al, 2010). 

Finally, as aforementioned, learning time is an important variable for HTA. It is not too easy to 
learn HTA methodology. In most of the processes an expert is needed to get sufficiently good 
results which entails investments on money or on training for current engineers. There are some 
key lines identified and one of those key lines is related with factors that might influence the 
reliability of this method. Those factors are aforementioned in earlier section and they depend on 
the level of analyst expertise (Denham et. al, 2010). 

5.2 GENERAL COMMENTS OF GOMS 
In the followings paragraphs there is going to be a general conclusion of the most relevant 
parameters and variables of GOMS as it has done earlier with HTA. 

First, mention that it is an effective and precise method. It provides very accuracy hypothesis and 
those hypothesis are extremely close to the real results. GOMS is sufficiently good predictor that 
they can avoid to build a prototype which requires a big amount of investment. Thus, GOMS can 
save money in those cases. Empirical user testing is too slow and expensive for modern software 
development practice, especially when difficult to get domain experts are the target user group 
(Card et. al, 1983). 

GOMS can predict the time that a user needs to do computer operations. Furthermore, it can be 
used to evaluate the interface of computer programs. They are very used for these applications 
and they can define a flexible interface according users necessities. They provide useful 
information about the time that user needs to interact with different parts of the interface 
showing the strength and weakness of the interface. With this, it is possible to construct more 
usable platform and draw conclusion of every part of the interface (Which buttons are more used 
by the users, the location of those buttons in the screen and so on). One of the difficulties in 
developing human interfaces to complex systems is anticipating the response of users to the large 
space of possible system states and design options in which GOMS provides essential 
information (John et. al, 2002). 

As HTA, in some cases it is very easy to apply GOMS and it may entail interesting results. In 
some cases, only it needs to use some tables to make predictions. Thus, the results can be easily 
obtained and used after in order to improve the previous situation as the same way as it was 
mentioned for HTA. Applications in the real world have been reported. Given its validity and 
predictive value, it is surprising that modeling has not become widespread as a tool for design in 
the UI community.  

The general perception is that cost of learning and constructing correct models, even ones as 
simple as the KLM, is perceived to be too high to justify the benefits of estimating skilled 
performance times (Bonnie et. al,2004). In conclusion, it is less expensive than general belief and 
also it can be used as a useful tool in companies. 
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There are several critical cases in which GOMS can predict exactly the time needed. These cases 
can be defined as an emergency in a nuclear plant or a breakdown in a plane. For those examples, 
GOMS can predict exactly the time required beforehand and it allows to have a plan before 
anything has happened. In cases of large-scale complex systems such as Nuclear Power Plant 
(NPP), it takes many years to learn how to control such complicated systems. Even after many 
years of experiences they make mistakes, which may result in critical situations. Especially, the 
interface between humans and technical subsystems has a great impact on the reliability and 
safety. A few GOMS techniques have been suggested and applied to various areas including 
NPPs. As a result, they have shortened the hours for performing tasks in a main control room 
and reduced engineers mental workload such as increases the security level of the plants 
(Daihwan et. al, 1999). 

As a weakness, mention that GOMS cannot allow to include errors in the prediction. For 
example, if it is wanted to write in the computer the following sentence: “There is an error”. 
There are thousand possibilities to make a mistake such as to write “ther” (without “e”) instead 
of “there” and so on. GOMS cannot involve every error inside of the method, only it can make a 
prediction in the perfect situation which an error is not considered. GOMS family can predict 
execution time under the restrictions that the user must be well practiced and make no errors 
during the task (Kieras, 1996). 

Another important point is that in general a specific computer program it is needed for each case. 
This entails a specific work for each case which is much more expensive than the common 
program. More resources and specialists are involved in this phase than in the case in which only 
it has to be used or modify a little bit the common program. GOMS requires user interface 
designers to learn another programming language. GOMS requires extensive programming 
experience, and we do not consider it “easy” for user interface designers (Bonnie et. al, 2004). 

5.3 GENERAL COMMENTS OF CWA 
In the followings paragraphs there is going to be a general conclusion of the most relevant 
parameters and variables of CWA.  

CWA as HTA, it is a very general method. It can be used in almost all situations. It can provide 
useful information and in comparison of HTA, CWA provides more specific and detailed data. 
“The coherent integration of sensors, decision-makers, weapons systems and support capabilities 
to achieve the desired effect. It will enable us to operate more effectively in the future strategic 
environment through the more efficient sharing and exploitation of information within the UK 
Armed Forces and with our coalition partners. The bottom line is that it will mean better-
informed decisions and more timely actions leading to more precise effects. This is the reason 
why we chose CWA.” (Ministry of Defence of UK, 2005). 

Another interesting outcome of CWA is the definition of the decision paths and their associated 
timeframes. Mapping actual and probable decision paths in response to actual or predictable 
events allows an identification of timeframes for decision making under varying conditions. 
When this is associated with the work domain analysis, the functional activity descriptions and 
the roles of the participants, there emerges the possibility of identifying decision paths on a 
dynamic basis (Moira et.al, 1999). 
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For example, if time is the critical factor, what is the fastest, least constraining decision path 
possible which will ensure an appropriate decision is made? Or, if time is not a critical factor, 
which decision path will lead to a decision which best reflects the goals and values of the 
enterprise? If we can provide Commanders in Headquarters or in the field with the ability to 
identify an optimal decision path given a particular set of circumstances and particular set of 
criticality variables, the opportunities for more informed decision making could be facilitated 
(Moira et.al, 1999). 

CWA also can be used to do a comparative decomposition of friendly and unfriendly domains. 
This would be a more complex procedure but would certainly allow for the incorporation of 
enemy strength and goals in the overall analysis (Moira et. al, 1999). 

A prerequisite level of knowledge, skills and experience are required in order to apply correctly 
this approach. To deliver accurate information within a reasonable timeframe to an organization, 
there is a requirement for skilled analysts as well as subject matter experts. If an organization 
were to adopt this approach, it would need to train and retain analysts with a variety of CWA 
experience on an ongoing basis. However once developed, an analysis can be maintained and 
used across multiple problems relating to the system in question (Moira et. al, 1999). 

It is not advisable to use CWA in team work activities. The main reason is that there are too 
many variables and constraints which the system has to work with. The system can be saturated 
given that it has a wide range of data. Cognitive task analysis of team work activities is analyzing 
extremely difficult, time consuming and labour intensive (Neville et. al, 1992). 
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